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Abstract. According to the latest findings particulate matter belong to the most significant
pollutants in Europe together with ground-level ozone O3 and nitrogen dioxide NO,. Road traffic is
one of the main sources of particulate matter. Traffic volume has unpleasant impact on longevity of
the pavements and also on the environment. Vehicle motions cause mechanical wearing of the
asphalt pavement surface - wearing course by vehicle tyres. The paper deals with abrasion of
bituminous wearing courses of pavements. The asphalt mixtures are compared in terms of
mechanically separated particulate matter. The samples of asphalt mixtures were rutted in wheel
tracking machine. The particulate matter measurements were performed in laboratory conditions.
The experimental laboratory measurements make it possible to sample particulates without
contamination from exhaust emissions, abraded particles from vehicles, resuspension of road dust
and climate affects. The paper offers partial results of measurements on six trial samples of asphalt
mixtures with different composition. It presents particulate matter morphology and the comparison

of rutted asphalt samples in terms of PM mass concentrations and chemical composition.
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1. Introduction

Non-exhaust emissions of particulate matter
from road traffic may originate from abrasion
of vehicle parts (tyres, brake linings, clutch and
bodywork) or from pavement surface abrasion
and also from resuspension of dust. The aim of
this research is to monitor the abraded
particulate matter from  non-combustion
processes — from abrasion of pavement surface.
A differentiation between PM emissions from
road pavement abrasion and resuspension is
very difficult due to their similar elemental
composition. For this reason, the measurements
are performed in the laboratory at the
Department of Highway Engineering. The
issue of abraded particulate matter from
pavement surfaces and the contribution of
those emissions to air pollution is mostly
solved in the Nordic countries.

Laboratory particle sampling makes it possible
to sample particulates with very low
contamination from surrounding sources and
meteorological factors. An important phase of
the research is to determine chemical elements
in the collected particulate matter and to

confront it with the representation of these
elements in the chemical composition of the
asphalt mixture. The next step is to attempt to
determine the share of the mechanical
separation of PM from the pavement by
evaluating the chemical composition of the
materials used for studied asphalt mixtures of
wearing courses and subsequently collected
particulate matter PM. The research is aimed at
finding dependence between the composition
of asphalt mixture and collected PM.

2. Methodology of laboratory tests

The asphalt mixture samples of wearing
courses are used for laboratory measurements.
The used asphalt mixture samples (plates of
size 320 x 260 mm and thicknesses of 40 mm)
are rutted in the wheel tracking machine
DYNA-TRACK which is used to assess the
resistance to rutting of asphalt materials under
conditions, which simulate the effect of traffic
(Fig. 1).

Air sampling from inside of the machine
DYNA-TRACK during the rutting of samples
is performed by equipment APS 3321
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(Aerodynamic Particle Sizer) and SMPS 3080
(Scanning Mobility Particle Sizer) which
intercept and distribute particle range from
0.012 to 20 um and 2 pieces of Leckel LVS3
which intercept particulate matter PM,5s and
PM; on the nitrocellulose filters for the

DYNA-TRACK

APS 3321

Leckel LVS3

Figure 1 — The used machine technology and rutted asphalt mixture sample

The tests of chemical composition of materials
(aggregates, asphalt) of samples were carried
out before the rutting of these asphalt mixture
samples by XRF analyzer (X-ray fluorescence
spectroscopy). For the experiments was used
the machine SPEKTRO iQ Il (AMATEK,
Germany) in the laboratory of the Faculty of
Civil Engineering of the Technical University
in KoSice. Chemical analysis of particulate
matter intercepted on filters was carried out by
ICP - MS - Inductively coupled plasma mass
spectrometry in the laboratory at the Transport
Research Centre in Brno. Imaging of PM was
done by using the scanning electron
microscope VEGA TS 5136 LSU (Tescan
s.r.0., Czech Republic) that permits both low
vacuum and high vacuum mode of
measurements with resolution up to 3.5 nm.

3. Results of current laboratory tests

Till now, the measurements of particulate
matter were performed on six trial samples of
asphalt mixtures with different composition.
Two plates of each mixture were rutted in the

subsequent evaluation of mass concentrations
and chemical analysis. The mixtures are rutted
by typified wheel for 12 hours through the
steady working conditions. It performs 20 000
cycles during the 12 hours (i.e. 40 000 running
gears).

TR A AR e A T e, -

laboratory and each plate was rutted two times.
All six samples had the same conditions in the
space of rutting during abrasion of asphalt
mixtures. The total length of measurement was
12 hours. Marks of six rutted samples:

1. AC11050/70,11,D-5

- aggregate: quarry Tunezice
limestone), asphalt: CA 50/70

2. AC11050/70,1I,R-9

- aggregate: quarry Biely Potok (dolomite),
asphalt: CA 50/70

3. AC110PMB45/80-75,1,R-8

- aggregate: quarry Maluzina (melaphyre),
quarry Biely Potok (dolomite),

- asphalt: PMB 45/80-75

4. AC11050/70,Il,K—-4

- aggregate: quarry Biely Potok (dolomite),
quarry Badin (andesite),

- asphalt: CA 50/70

5. AC11050/70,11,S-9

- aggregate: quarry Solosnica (melaphyre),
quarry Trstin (dolomite),

- asphalt: CA 50/70

6. SMA 11 PMB 45/80 — 75,S — 4

(siliceous
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- aggregate: quarry Solosnica (melaphyre),
quarry Trstin (dolomite),
- asphalt: PMB 45/80-75.

3.1 PM mass concentrations during the
rutting of asphalt mixture samples

The results of PM mass concentrations are
shown in the following figure (Fig. 4). The

highest concentrations were measured for the
mixture with the mark S — 9 (AC 11 with
classic bituminous binder) and the lowest
concentrations of particulate matter were
measured for the sample D — 5 (AC 11 with
classic bituminous binder). The mixtures differ
in the use of aggregate.
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Figure 2 — The average measured PM mass concentrations and the correlation between PM mass
concentrations determined by spectrometers (SMPS+APS) and low volume sampler (Leckel LVS3)

The concentrations were determined by two
methods — spectrometers SMPS, APS and low
volume sampler Leckel. The results correlate
with each other — Leckel PM,s and
SMPS+APS (r = 0.98) (Fig. 4). In the mixture
with the highest concentrations the aggregates
melaphyre and dolomite were used and in the
mixture with the lowest concentrations the
siliceous limestone was used. The average
mass concentration of the sample S - 9 is by
6.30 pg/m® higher than the average mass
concentration of the sample D — 5. These
concentrations were performed by means of
SMPS and APS. By using gravimetric method
the difference is determined at 5.36 pg/m3 for
particulates of fraction PM,s and 4.77 pg/m®
for particulates of fraction PM;.

3.2 Chemical composition of particulate
matter

For identification of particulate matter
originating from the asphalt mixture abrasion

the chemical composition of the basic materials
of mixtures were carried out. The chemical
elements (markers) were determined by
analysis of the aggregate as a filler and the
asphalt as a binder. Identified elements are
subsequently confronted with the elements of
the particulate matter collected on the filters.

It has been found that the bituminous binder
contains approximately 4.8 % of inorganic
elements and organic elements are the rest. The
sulphur S has the largest representation, it
represents 4.19 %. The silicon Si (0.21%) and
the chlorine Cl (0.17%) represent a higher
share of identified inorganic elements.

The tests of chemical composition were also
carried out for all kinds aggregates used in
tested samples. In the samples the aggregates
from six quarries were used (Maluzina, Badin,
Solosnica, Biely Potok, Tunezice, Zirany). For
XRF  spectroscopy the powder samples
(crushed aggregate) were used. From the
analysis of materials the percentage of each
selected element has been found. The results
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have shown that elements silicon Si and
calcium Ca have the largest percentage in
aggregates. The silicon Si predominates in
aggregate from quarries Maluzina (melaphyre),
Badin (andesite) and Solosnica (melaphyre)
and the calcium Ca predominates in aggregate
from quarries Biely Potok (dolomite), Tunezice
(siliceous limestone), Zirany (limestone). The
elements such as Mg, Al, P, Cl, and K
represent a higher share of identified elements.
Chemical analysis of the exposed filters of
particulate matter PM; and PM,s was carried
out by mass spectrometry with inductively
coupled plasma ICP-MS. The principle of the
device is that the samples are decomposed by

acids by the action of microwaves. The
prepared (decomposed) samples (51 filters)
were analyzed for the presence of selected 13
elements which have been determined by
previous analyses of used aggregates and
asphalt - Ca, Si, Mg, Al, Fe, P, S, CI, K, V, Cr,
Mn, Na.

The following figure (Fig. 5) presents results of
analyses of selected elements. Till now, 51
filters were analyzed. Two fraction of
particulate matter were intercepted on these
filters — fraction PM; and fraction PM,s. For
each mixture (2 plates, 4 ruttings) 4 filters of
fraction PM; and 4 filters of fraction PMys
were analyzed.
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Figure 3 — The average mass concentrations of selected chemical elements in PM, 5 fraction

The elements Ca, S, Cl have the highest
representation in the analysed filters. Calcium
Ca has the highest representation in the sample
with mark D — 5 and its concentration is 546.22
mg/g PM,s. In this sample of asphalt mixture
aggregate siliceous limestone is sued. Sulphur
with mass concentration 126.15 mg/g PM, s has
also the highest concentration in the sample D
— 5. With regard to the chlorine the highest
concentration was measured in the sample S —
4 (81.47 mg/g PM,s). On the other hand, the
lowest concentrations were measured for the
element vanadium V (in range from 0.01 to
0.04 mg/g PM;;5) and for elements such as Cr,
Mn and P. The highest concentrations of
selected elements were analysed in the sample

D — 5. Despite of the fact that the sample with
mark D — 5 has the lowest mass concentrations
of particulate matter. Sample R - 9 presents the
lowest mass concentrations of these elements
and it is together 211.77 mg/g PM2.5. The
aggregates rich in limestones are prone to
polishing of its surface, the aggregates rich in
feldspars have an average polishing and the
aggregates rich in quartz are quite resistant to
polishing. To exemplify, the highest mass
concentration of calcium was measured in the
sample in which the siliceous limestone is
used.

As seen from the figure all selected elements
occur in the intercepted particulates. It is
obvious that the released particulates from
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surface abrasion have similar composition as
the basic materials of asphalt mixtures
(aggregate, bituminous binder).

3.3 Morphology of abraded particulate
matter

Particulate matter (PM) is considered a mixture
of chemical components originated from a
variety of sources with specific physical
parameters (such as shape, diameter, electric
charge, solubility, surface of the particles) and
chemical composition (organic and inorganic
compounds).  Sources, mechanisms  of

formation, meteorological conditions, distance
from the source and other conditions determine
these basic parameters. To gain a better
understanding of PM origin and behaviour, it is
chemical

necessary to describe their
composition and size distribution.
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£
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Imaging of PM was done by using the scanning
electron microscope VEGA TS 5136 LSU
(Tescan s.r.o., Czech Republic) in Transport
Research Centre in Brno. Several types of
filters are commonly used in sampling
aerosols, but not all are compatible with
SEM/EDX analysis. Particulate matter was
intercepted on  special  filters  with
polycarbonate membrane.

Sharp-edged particles were observed on
contaminated filters in a numerous
representation. These particles can be
characterized as fragments of geological
materials (aggregates used in the mixtures). As
aresult, we can say that the particles are
abraded from the mixtures during the rutting
and the abrasion of aggregates used for asphalt
mixtures could be the source of these particles.
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HV: 30.00 kV
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DATE: 04/18/16 Sum
Device: VG2730582CZ

Vega ©Tescan
Centrum dopravniho vyzkumy
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Vega ©Tescan
Centrum dopravniho vyzkumu

Figure 4 — Sharp-edged particles probably geological origin
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Scanning electron microscope (SEM) may be
used to determine the possible sources based
on the size and shape of the particles.
Nevertheless, for more proper PM sources
identification it is suitable to combine the
knowledge on separate PM morphology with
the chemical composition of PM. PM origin
interpretation only on the basis of morphology
characterization ~ without  the  chemical
composition knowledge could be in some cases
inaccurate or misleading.

Abrasion of individual components of the
mixtures must be confirmed by means of
chemical analysis of the particulates collected
on nitrocellulose filters and its subsequent
comparison with the composition of each tested
mixture. Thus, obtained results presented in
this paper were compared with data published
in scientific literature in which the same PM
shapes were observed and assigned to specific
source.

4. Discussion to the current results

Primordial  laboratory = measurements  of
abrasion of asphalt mixture samples were
carried out. Number and mass concentrations
of particulate matter released during rutting of
selected samples were measured. The tests of
chemical composition of sample materials
(aggregates, asphalt) were carried out before
the rutting of these asphalt mixture samples by
XRF analyzer (X-ray fluorescence
spectroscopy). Also, the chemical analyses of
particulate matter intercepted on filters were
carried out by ICP - MS (Inductively coupled
plasma mass spectrometry).

So far, 24 tests were performed for 6 samples
of asphalt mixtures. It follows that each asphalt
mixture had 4 available measurements. The
mixtures differ in the use of aggregate and
bituminous binder. The highest concentrations
were measured for the mixture with mark S — 9
(AC 11 with classic bituminous binder) and the
lowest concentrations of particulate matter
were measured for the sample D — 5 (AC 11
with classic bituminous binder). In the mixture
with the highest concentrations the aggregates
melaphyre and dolomite were used and in the
mixture with the lowest concentrations the
siliceous limestone was used.

Imaging of PM was done by using the scanning
electron  microscope.  Scanning  electron
microscopy (SEM) is an effective tool for the
identification of PM sources. However, for
more proper PM sources identification it is
suitable to combine the knowledge on separate
PM  morphology with the chemical
composition of PM. For examination the
particulate matter shapes and sizes from
abrasion of asphalt mixture surfaces the
electron microscope was used. In numerous
representation sharp-edged particles were
observed on the filters, probably fragments of
geological origin. Therefore we can say that the
particulate matter are abraded from asphalt
mixture surfaces and it may originate from
abrasion of aggregates used in the mixtures.
From chemical analyses a number of facts
about content of individual elements in the
investigated materials has been revealed. The
elements Si and Ca have majority
representation in the aggregates. The elements
of the under-representation in the aggregates
are Mg, Al, and Fe. The bituminous binder
contains primarily elements of organic
chemistry but sulphur Sis majority element
from inorganic elements.

From PM chemical analyses the average mass
concentrations of selected chemical elements
were found for each tested sample. The
elements Ca, S, Cl have the highest
representation in the analysed filters. Calcium
Ca has the highest representation in the sample
with mark D — 5 and in this sample the
aggregate siliceous limestone is sued. On the
other hand, the lowest concentrations were
measured for the element vanadium V, Cr, Mn
and P. As resulting, the released particulates
from surface abrasion have similar composition
as the basic materials of asphalt mixtures
(aggregate, bituminous binder).

The aim of experimental measurements is to
confirm the abrasion of pavement surface as
a source of particulate matter and to verify the
impact of the composition of asphalt mixture
for the PM production during the rutting of
samples. The findings from chemical analyses
will be further applied in the next phase of
research and used for verification of this
impact. The measurements are still being
continued and next assessment of PM
concentrations and contents of selected
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elements in PM are expected in order to
compare the asphalt mixtures with each other
in terms of production PM.
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OIITHKA TEXHIKO-EKCILTYATAIIMHOI'O CTAHY JOPOXHBOI'O OJIATY

AHoTauia JlictaB MoAanbIIoro po3BUTKY IHTETPaIbHUN MOKA3HMK TEXHIKO-EKCIUTyaTaliifHOTo
CTaHy JOPOYKHBOTO OJATY HEKOPCTKOTO THITY — 1HJIEKC TEXHIKO-CKCIUTyaTallifHOTO CTaHy, SKii
MICTUTh B 001 SIK TTOKa3HUKH, [0 BH3HAYAIOTH CIIOXKHMBYI BJIACTUBOCTI aBTOMOOLUIBLHOI JIOPOTH,
TaK ¥ IMOKa3HHWKH, 110 BU3HAYAOTh TEXHIYHUH CTaH KOHCTPYKIII JOPOKHBOTO oasiry. OTpuMaHo
KUTBKICHI OI[IHKH YaCTKOBHX 1HJIEKCIB CTaHy JOPOKHBOTO OJIATY AJIsE aBTOMOOLTBHUX fopir [ — II1
KaTeropii.

KurouoBi cjioBa: 10poxkHiil 0T, iHIEKC TEXHIKO-SKCIUTYaTaiHOTO CTaHy, KOe(IIlieHT 3amacy
MIIIHOCTI, PiBHICTh, KOS(IIIEHT 3YESTUICHHS

UDC 625.72
Batrakova A.G., Dr. Tech. Sci.
EVALUATION OF TECHNICAL AND OPERATIONAL PAVEMENT STATE

Abstract. Integral criterion for assessing the technical and operational condition of nonrigid
pavements - Index of technical and operational condition which contains parameters that define
both consumer properties of the highways, and indicators that established the technical condition
of pavement structures was evolved. The quantitative evaluation of partial pavement condition
indexes for highways of I - I11 categories are obtained.

Keywords: nonrigid pavement, index of technical and operational condition, factor of safety,
friction coefficient
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OIIEHKA TEXHUKO-3KCILTYATAIIMOHHOI'O COCTOSIHUS
JIOPOKHOM OJIEXK/IbI

AHHoTauus. [lonmydnn pa3BUTHE HMHTETPaJbHBIA IOKa3aTedb TEXHUKO-IKCIUTYyaTallHOHHOTO
COCTOSIHMSL JIOPOKHOM OJEXKJbl HEXECTKOr0 THUIIA — HMHJEKC TEXHUKO-3KCIUTyaTallMOHHOTO
COCTOSIHUS, COJEp KAl B cede MoKazaTesy, ONpeAesIolIne KaK NOoTpeOUTEIbCKUE CBONCTBA
aBTOMOOWJIBHOM JOpOTM,  TaKk M TIIOKa3aTelld, OIpPEIeSIONIMe TEXHUYECKOE COCTOSHHE
KOHCTPYKLUHU JTOpOKHON ojaexzabl. [lomydeHbl KOMMYecTBEHHBIE OLEHKH YacCTHBIX HHIECKCOB
COCTOSIHUSI JIOPOKHOM OJIEK/IbI AJ1s1 aBTOMOOMIBHBIX Jtopor | — III kaTeropwuii.

KiroueBbie ciaoBa: nOpoXHas OIEXKNA, HHICKC TEXHHKO-JKCIUIYyaTallAOHHOTO COCTOSHUS,
KO3 PUIMEHT 3amaca NPOYHOCTH, POBHOCTh, KOAPPHUIIMEHT CLEIUICHUS.

Beryn Introduction
B ymoBax oOMmexeHoro (iHaHCYBaHHS In the conditions of a limited budget
e(eKTUBHICTh PEMOHTHOT cTparerii efficiency of repair strategy is defined, first of
BHU3HAYAETHCS, Yy IMEPIIy dYepry, piBHEM all, by a level of Pavement Management
PO3BUTKY CUCTEM VIPAaBIiHHS CTaHOM Systems (PMS) development. Any modern

nokputTst (CYCII). ®dynaamMeHToM Oyab-sIKOT PMS based on models, methods and facilities
cydacroi CYCII € moneni, METo1 Ta 3acO0H for the solution of technical and economic
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BUPIIICHHS TEXHIKO-EKOHOMIUYHUX 3aBJIaHb
OLIIHKHU ¥ MPOTHO3YBaHHS CTaHy JOPOXKHBOTO
OIIATY, a TaKOoX ONTHMI3allii pecypciB Ha
WOro  PEMOHT. Tomy  po3BuTOK 1
BJIOCKOHAJICHHS CVYCII y JacTUHI
po3po0ieHHsT ¥ peanizaiii HOBHX CTparerii
PO3MOALTY pecypciB Ha PEMOHT 1 yTpUMaHHS,

1o CIpsSIMOBaH1 Ha 3a0e3neyeHHs
HOPMATHBHOTO  TEXHIKO-EKCIUTyaTaliifHOTO
CTaHy Mepexi Jopir 3arajbHOTO

KOPUCTYBAaHHS € aKTyaJbHUM 1 TNPaKTHYHO
3HAYMMUM 3aBJIaHHSAM.

ITocranoBka 3agaui

binpuricte Mojenel  ympaBiiHHS —CTaHOM
MOKPUTTS BUKOPUCTOBYIOTh I1HTETpAIbHUMN
MOKA3HUK CTaHy KOHCTPYKIIil, SIKUH y pe3yiib-
TaTi  ONTHMI3allii MOBUHEH  NPHUHATH
MaKCHUMaJbHE 3HAYEHHS MPU 0OMEXEHHSX 110
¢inancoBux  Burparax [1].  Haiibinbm
MOIIMPEHUMH TIOKa3HUKAaMU € 1HJIEKC CTaHy
nokputtst (PCl) Ta MikHaponmHuii iHmEKc
piBaocti (IRI). IlepeBaroro BUKOpPHUCTaHHS
TaKMX YKPYIMHCHHX MOKA3HUKIB € BIJIHOCHO
MpPOCTI  TPOIEAypd  OJEpKaHHA  IXHIX
3HaYeHb. 3  IHOIOrO OOKYy, ICTOTHUM
HEJOJIKOM € HEMOXJIHUBICTh BpaxyBaHHs
BHECKY KOXKHOTO TapameTpa, y TOMY YHCHi U
MiAMOBEPXHEBUX  Je(EeKTiB, Yy 3arajbHy
OLIIHKY CTaHy KOHCTpykIii. ToMy B pamkax
MOCTAHOBKM  3aBJaHHA  OIIIHKK  CTaHy
TOPOKHBOTO OSTY MPOMOHYETHCS PO3BUTOK
IHTErpaJIbHOTO TIOKa3HUKa — 1HAEKCY TpaHcC-
HNOpTHO-EKCIUTyartamiiHoro  crany  (J),
3ampornoHoBaHoro B poboti [2]. anwuit
MOKa3HUK  TOBUHHUN  00’€IHYyBaTH  SK
MOKa3HUKH, IO OTPUMaHi 3a pe3ysibTaTaMu
Bi3yaJqbHOI OIIIHKK CTaHy TMOKPUTTS Ta
BU3HAUAIOTh Yy 3HAYHIM Mipl CHOXUBYI
BIACTHBOCTI Joporu [3], Tak W TEXHiKO-
eKCIUTyaTaIliifHi MOKa3HHUKH, [0 BU3HAYAIOTh
TEXHIYHUNA CTaH KOHCTPYKIIi TOPOXHBOTO
omsary. Ilig TEXHIYHHMM CTaHOM JOPOKHBHOTO
omary  OyaeMo  pO3yMiTH  3JIaTHICTh
JIOPOKHBOTO  OJIITY  CIIPUMMATH  BIUIUB
TPAHCIIOPTHOTO HaBaHTaXKEHHS W TOTOJHO-
KJIIMaTUYHUX ¢bakTopis. ITin
eKCIUTyaTallifHUM ~ CTaHOM  JOPOKHBOTO
onary OyneMo pO3yMITH 3JaTHICTh JTOPOXK-
HBOTO OJATY 3a0e3neuyBaTh pPO3PaXxyHKOBY
IMIBUIKICTH 1 0e3meky pyxy. Toai oCHOBHUMH
TEXHIKO-CKCIUTy-aTal[iiHUMU ~ TTOKa3HUKAMHU

problems concerning an estimation and
forecasting of a condition of road pavement,
and also optimization of resources for its
repair and reconstruction. Therefore creation
and improvement of PMS regarding
development and realization of new strategy
of distribution of resources on repair and
maintenance, aimed at the ensuring of a
standard technical conditions of a network of
public roads is actual and very significant
practical problem.

Problem statement

The majority of models for managing road
pavement condition use an integrated
indicator of a pavement condition which
should accept a maximum value at the set of
restrictions on financial expenses as a result
of optimization [1]. The most widespread
indicators of pavement condition are
Pavement Condition Index (PCI) and the
International  Roughness  Index  (IRI).
Advantages of such integrated indicators use
are relatively simple procedures of acquisition
of their values. On the other hand, an
essential drawback is the impossibility of the
account of the contribution of each parameter,
including subsurface defects, in a general
estimation of a pavement condition.
Therefore within the framework of the
problem statement of the assessment of a
condition of a road pavement is proposed
development of an integrated indicator - an
index of a transport-operational condition (J
), offered in the paper [2]. The above
indicator should consolidate both the
indicators which received by results of a
visual estimation of a pavement condition and
defining first of all consumer properties [3]
and the technical-operational indicators which
defines technical condition of the road
pavement. As a technical condition of a road
pavement we will introduce ability of a road
pavement to perceive influence of transport
loads and weather/climatic factors. As an
operational condition we will introduce ability
of a road pavement to provide a designed
speed and traffic security. Then, the basic
technical-operational indicators of a condition
of a road pavement are: factor of a margin of
safety (K, ), roughness of a pavement (.S),

Mmiy
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CTaHy JOpPOKHBOTO OJAATY €: KOeQilieHT
3amacy MinHocti (K . ),piBHICTb MOKPUTTS (

Mmiy
S'), a Tako KoediuieHT 34erieHHs (¢ ). s

MIPOTHO3YBaHHS THIEKCY TEXHIKO-
eKCIUTyaTaI[ifHOTO CTaHy JOPOXKHBOTO OISTY
Ta OOIPpYHTYBaHHS PEMOHTHOI cTparerii
HEOOXITHO OIIHHUTH XapakTep 3MiHH IUX
MOKAa3HUKIB y mporeci ekcruryarartii. Jlms
BUPINICHHS Ii€i 3aJa4i  CKOPHCTYEMOCS
MIIXOIOM IO OIIIHKH MIITHOCTI JOPOXKHBOTO
OJIATY, IO 3anmporoHoBanuil y [4]. 3rigHo [4]
nepeadavaeThes, MO B MPOIIECi eKCITyaTarrii
BEPXHI IIApU JOPOKHBOTO OJATY BTPAYaAIOTh
«UTATHUIY edekT, TOOTO He MPALIKTh SK
IUINTa Ha TIPYXKHIH OCHOBI ¥ BTpavarTh
pO3MOiIbYY  3AaTHICT. ToAl  BIIHOCHY
BTPaTy MIIIHOCTI KOHCTPYKIIi IOPOKHBOTO
OJIITY B MOMEHT 4Yacy (z ) MOXHa OLIIHUTH 32
koedirieHToM BTpaTH PO3MOALIBYOT
3JIaTHOCTI: }

k=€, -E, €, -E., ()

t
Esaz’

ne EJ., E!  — s3aranpHmii  MOmylb

NPYKHOCTI  JIOPOXKHBOIO ~ OITy  HA  TIOYaTKy
eKCIUTyaTallii, y JIOBUTbHMM MOMEHT dacy [ Ta
HaIPHKIHLI TEPMIHY CITy»Kk01 BirosiHo, Ml Ta.

3 immoro ©O0OKy, 31 3MIHOK MIITHOCTI
JOPOXKHBOTO  OJATY TMOB'SI3aHI  3araybHi
3aKOHOMIPHOCTI 3MIHHM PIBHOCTI MOKPUTTS [,
6]. 3miHa pPIBHOCTI HOKPHUTTS B Haci, SKIIO
OCHOBHOIO TNPUYMHOI0 ii TMOTIPIIEHHS €
3HMKEHHSI 3arajibHOi MIITHOCTI JIOpOKHBOTO
OJIATY, OTUCYETHCS SaJ'Ie}KHiETIO [7]:
In+x-1,

LI

p-K,

S =S, +K,-

+

Et
1427 - Moo B )
D E

ep

h,, -p- €-sin (p;tg(2+q)j

2
+

cos @

ne S,,S, — BIINOBIAHO PiBHICTH HA MOYATKY
eKCILTyaTallii Ta y MOMEHT 4acy ¢, CM/KM;

K¢ — mapamerp, 10 XapakTepH3ye 3B'SI30K
MiX HAKOMTUYCHHSM 3aJIMIIKOBUX
nedopmarii 'y rpyHTI W 3MIHOIO PIBHOCTI
MOKPHUTTS, CM/KM;

and also friction coefficient. For forecast
operational condition of a road pavement and
a foundation of repair strategy it is necessary
to estimate character of change of these
indicators while service life interval. For the
solution of this problem we will take
advantage of the approach to an estimation of
strength of the road pavement, offered in [4].
According to [4] it is supposed that while in
service road pavement top layers lose «plate»
effect. It means, that pavement do not work as
a slab on the elastic base and thus, lose
distributing ability. Then, the relative loss of a
structural strength of a road pavement at the
moment of time (z) can be estimated by the
factor of loss of the distributing ability:

k = €§a2 - E;az z eg?az - E;z :’ (1)

t
E?ae o

where E?_, E!l, — a general elastic

modulus of a road pavement in the operation
beginning; during any moment of time t and
in the end of life cycle accordingly, MPa.

On the other hand, general laws of change of
roughness of a pavement are connected with
change of strength of a road pavement [5, 6].
Change of roughness of a pavement in time in
the case, if a principal cause of its
deterioration is diminution of general strength
of a road pavement, is described by
dependence [7]:

ln(+x-tC:
Mo~ X

p'Kt +

Et
1++/27 - ha | Esw )
D Ezp

. ~ T (O
h, -p-€-=sine .tg| —+ -
00 P (=sing g(4 2)

S, =8, + K-

t

+

L cos@ J
where S,,S, — accordingly roughness in the
beginning of operation period and at the
moment of time 7, cm/km;

K, - the parameter, which characterize
communication between accumulation of
residual deformations in a ground and change
of roughness of a pavement, cm/km;
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K

, — KoeiIlieHT, 1110 BPaxOBYye 301IbIIEHHS
HaNpy)XeHHs| B TPYHTI 3€MJISTHOTO IIOJIOTHA B
MpoILeCci eKCIUTyaTallii BHACHTIIOK 3HIKEHHS
3arajbHOI MIITHOCTI JIOPOXKHBOTO OJIATY;

h,, — TOBIIUHA JOPOXKHBOTO OJATY, CM;
t . (9 .
E.,. — €KBIBaJCHTHUH MOZYJb IPYXKHOCTI

JOPOKHBOT'O O/IATY B MOMeHT vacy t, MIla;

E,, — MOynb IPY)KHOCTI IPYHTY 3€MJISTHOTO

nonoTtHa, MIla;

p — cepelnHs WIUIbHICTh MaTepiany IapiB
JIOPOKHBOTO OJUATY, I/CM>;

(@ — KyT BHYTPIIIHBOTO TEPTS TIPYHTY
3eMJISTHOTO MOJIOTHA, TPa/l.;

N,— KoeQilieHT B’A3KOT0 ONOpYy IPYHTY,

Mlla;
x — Koe]illieHT 3MiHH B'S3KOCTI IPYHTY, C
{, — CyMapHHi Yac BIUIMBY TPaHCIOPTHOTO

c
HAaBaHTAXXEHHS 32  MepioJ  aKTUBHOTO
HAKOITUYCHHS 3aJTUIIKOBOI Aedopmariii, c.

3HOUIYBAHHSA MOKPUTTS JOPOKHBOTO OJATY
TAaKOXX TNPUUHATO SIK KPUTEPi NpoBeICHHS
PEMOHTY aBTOMOOLIbHOI Joporu. I'paHn4yHO
JOMYCTUMOIO  BEJIMYMHOI  3HOIIYBAaHHS
MMOKPUTTSI BBAXKAIOTh 3HIKEHHS KoedirieHTa
3YEIVIEHHS TMOKPUTTA (U1l JTOPO’KHBOTO
OJIATY KaIiTaJbHOTO 1 TOJIETIIEHOTO THIIB)
710 BEJIMYUH, L0 JOMYCKAIOThCS 32 yMOBAMHU
oesrieku  pyxy [8]. 3rimHo 3 [9] wmixk
KOC(QII[IEHTOM 34YeIUIeHHS § IMIOPCTKICTIO
MOBEPXHI KOYEHHS ICHYye 3B'SI30K, SKI|
J03BOJISIE  OLIHUTH  3MiHY  Koe(illi€eHTa
3UYEIUICHHS B MPOLIEC] eKCILTyaTallii:

T = lg ltlARﬂ—li—lg l65No (_bIARj

lgg
3)

ne T — IMOBIpHMM TepMiH CIyKOu
IIOPCTKYBATOTO MOKPUTTS 3AJIEKHO Bij 3MiHU
HOTO 3UIMHKUX SIKOCTEH, POKiB;

a,,b, — koediuieHTH, MO BPAXOBYIOTH
¢bpakuiiiHuil ckiiag moBepxHeBOi 0OpOOKH;
AR — 3MiHa MAakKpoOLIOPCTKOCTI 3a TEepMiH
ciyx6u T, Mm;

g — TIOKa3HHUK
IHTEHCUBHOCTI PYyXY;
N, — cepenHbopiyHa 1000Ba 1HTEHCUBHICTb

PYXy  pO3paxyHKOBHX

HIOPIYHOTO  MPHUPOCTY

aBTOMOOLIIIB  Ha

K, — the factor, which consider increasing of

stress in a base layer of the road while in ser
vice due to the increasing of general strength
of a road pavement;

h,, — athickness of a road pavement, cm;

E!,_ —an equivalent elastic modulus of a road

pavement at the moment of time t, MPa;
E,,— an elastic modulus of a ground of a road

bed, MPa;

p — average density of a material of layers of
a road pavement, g/cm?;

¢ — a corner of an internal friction of a

ground of a road bed, deg.;
n,— factor of viscosity of a ground variation,

MlIlIa;

x — factor of change of viscosity of the
ground, ¢*;

t.— total time of influence transport loadings

during active accumulation of a residual
strain, sec.

Deterioration of a road pavement also is
accepted as criterion of carrying out of repair
of a highway. As maximum permissible rate
of deterioration of a pavement usually it is
usually considered lowering of an friction
coefficient of a pavement (for a road
pavement of the capital and facilitated types)
to the values allowed by safety conditions of
movement [8]. According to [9] between
friction factor and a rolling surface roughness
there is the dependence, allowing to estimate
friction coefficient changes while road is in
service:

lghArR€¢-1"-1gf65N, (-b AR
lgg ’

T

©)

where T — possible life cycle of a rough
pavement which depends on change of its
friction properties, years;

a,,b, — the factors considering fractional
structure of a surface treatment;

AR — change of the macroroughnesses during
life cycle 7, mm;

g — an indicator of an annual gain of a traffic
volume;

N, — a mid-annual daily traffic volume of
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NepUIMiA piK cayxO0u 1mapy 3HoCy, aBT./100y.

Pimenns piBastHHA (3) 3BOOUTBCS 10
BU3HAYCHHS TPaHUYHO JOMyCTUMOTO
3MEHIICHHS! MaKpOIIOPCTKOCTI MOKPHUTTA 3a
YyMOBOIO  Oe3neku  pyxy. MaremaTudHi
MOJIeNIi, IO OMHCYIOTh 3MiHY KoedilieHTa
34CIJICHHS 3aJIC)KHO BiJ IHTEHCUBHOCTI PyXy
B 4Yaci, moOyJ0OBaHI Ha HE3HAYHOMY O0Cs3i
CTaTUCTUYHUX JIAHUX 1 MOXYTh OyTH
3aCTOCOBaHI B JOCHTH BY3bKHX Jiarma3oHax
PO3paXyHKOBHX HABaHTa)XEHb, 110 OOMEKYE
ix 3actocyBaHHS. ToMy CTOCOBHO [0
MOCTAHOBKHM 3aBJIaHHS TPU OLIHI[ CTaHy
JIOPO’KHBOTO it inY Ha migcTaBi
IHCTPYMEHTAJIbHOI OIIIHKA PO3PaXOBYETHCS
Koe(ilmieHT 3a0e3MeYeHHs 3YIMHUX SIKOCTEH
nokputts [10]:

thten = (pdjakm /(pn ! (4)
ne K,, — KoediuieHT 3abe3leYeHHS
3YIMHUX SKOCTEH MOKPUTTS;

P pams P — BIIMOBIAHO  (paKTUYHE W
HOpPMAaTHBHE 3HAYEHHS KoeilieHTa
3YEIICHHS.

Tomi  iHAEKC  TeXHIKO-EKCILTyaTalliiiHOTO

crany (.J ) IpeJCTaBUMO y BUIJISIL:

~
Js=f G,L -
J(p = f«B’V@H )
N -1 @
t .
K.Miu = f €vs'ae > Enomp 2
S = f(Zlhi,E;ae,E(,p,(PepJ
neJ,,Jg, J, — 4YacCTKOBi iHJEKCH CTaHy
KOHCTPYKIii  JIOPOKHBOTO  OAATY  3a

KPUTEPISIMHU MIIIHOCTI, PIBHOCTI Ta 34YeTJIEHHS
BiJITIOBITHO.

Po3paxyHok iHfekcy TexHiko-
eKCIUTyaTAlliHiHOT0 CTAHY
Jlnst po3paxyHKy KOMIIOHEHTA 1HAEKCY CTaHy

3a kputepieM MmirHocTi (J ;) cKkopucTyemMocs
pimenussm  B.JI.  KasapHoBcbkoro — [4],
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settlement cars for the first year of service of
a wear layer, a bus / days.

The solution of the equation (3) is reduced
to

evaluation of maximum permissible
reduction of the macro pavement coarsenesses
on a movement safety conditions. The
mathematical models  which  describes
changes of the friction coefficient on
dependence from a traffic volume in time, are
constructed on insignificant volume of the
statistical data and can be applied in relatively
narrow ranges of design loads that limits their
application.  Therefore during problem
statement for the estimation of a condition of
a road pavement, on the basis of a tool
investigation  estimation the factor of
maintenance of friction properties of a
pavement is carried out by [10]:

Kxuen = (Pd)axm /(pn ! (4)

where K — factor of maintenance of

friction properties of a pavement ;
P pam> Py — actual and standard value of an

friction factor accordingly.

Then index of a technical-operational
condition (J) we will present in a such a
way:

JE:fKQiu;/
JS:fGL -
J(p:f({suen}

\
KMiu = f(?;ae’Enomp ’/
—_— N t
S_f(zllhi’Ewe’Eep’(Pzpj

where J,,Jg, J, — partial indexes of a

condition of a design of a road pavement by
strength conditions, roughness and cohesion
accordingly.

. (9

Calculation of an index of a technical-
operational condition
For calculation of components of an index of
a condition relatively to the  strength
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BpaxOBYIOUH KoeilieHT BTpaTH
posnoainpuoi 3patHOCTI (1). Tomi iHmeKc
CTaHy KOHCTPYKIIil 3a KPHUTEPIEM MIIHOCTI
MoKe OyTH TpeACTaBICHUN:

3aranpHUl MOIYJb TPYKHOCTI JTOPOKHBOTO

t=0 t
E06 _Eo6

t=0 t=T
E06 _Eo6

J -100% . (6)

OIsITY B MOMEHT  4acyt (E.),
BU3HAYAETHCSL:
t ™~ =
E!.=9865 €Q;-N,, —-a , (7
ne Ny, N, 3arajJibHa  KUJIBKICTb

NPUKJIaJaHb PO3PaxXyHKOBOTO HABAHTAKECHHS
3a CTPOK eKCIUTyaramii Ta 3a CTpPOK [
BIAIIOBIAHO, aBT.;

a — Koe(ilieHT, MmO 3aJSKUTh BiF THITY
PO3paxyHKOBOI'O HaBaHTakeHHS (st Al: a
=3,20; mus A2: a=3,55).

3a pe3yabTaTaMH pPO3paxyHKiB BCTaHOBIIEHA
rpajaiis iHAeKCYy CTaHy 3a KPUTEPIEM BTpaTu
PO3MOILIBYOT 3MaTHOCTI MOKPUTTS [11].

Jl11s po3paxyHKy KOMIIOHEHTA 1HJIEKCY CTaHy
3a KpHTEpieEM MO3J0BXHBOI piBHOCTI (J)

BUKOPHUCTOBYEMO DIIlIEHHS, IO Y3arajibHIOE
3aJIeKHOCTI IIBUJKOCTI PyXy TPaHCIIOPTHOTO
MOTOKY BiJ PIBHOCTI Ta BIJ CTYyHEHS
nedpopMyBaHHS ac¢anbToOETOHHOTO
nokputTs [12]:

L
S _n ( a+b-r)’ ®)

me S' — TMOKa3HMK piBHOCTI MOKPHTTS 3a
MOIITOBXOMIPOM, CM/KM;

m, a — eMIIpUYHI [apaMeTpH, IO
BPaxoOBYIOTh BIUIMB TOYaTKOBOi PIBHOCTI
MOKPUTTSA Ha IIBUAKICTH pyxy
TpaHCHOpPTHOTO ToTOKy, (m = 86,14; a =
0,0125);

M, b — eMmipuyHi Koe]illieHTH, IO
BIJTMBAIOTH BiJMOBIAHO HA MIBUAKICTH PyXy i
JTUHAMIKY 3MiHU PIBHOCTI MOKPHUTTSI 3aJICKHO
BiJl IMOBIPHOCTI MOIIKOKCHHS MMOKPUTTH (r),

(n =0,123; »=0,045).

condition (J,) we will take advantage of
V.D. Kazarnovsky [4] solution, considering
factor of loss of distributing ability (1). Then
the index of a condition of a design, related to
the strength condition can be presented:

12t=0 __l;t
an=(l—ﬁj~100%. (6)
00

06
The general elastic modulus of a road
pavement in the moment of the time ¢z (E.;,),
is defined as:

E'.=9865 Q. -N,, ~a, (7)

where N, N,, — total amount of appendices

of standard load for term of operation and for
term ¢ accordingly, veh.;

a — the factor depending on a type of
standard load (for Al: a=3,20; for A2: a
=3,55).

By results of calculations the gradation of an
index of a condition by criterion of loss of
distributing ability of a pavement [11] is
established.

For calculation components of condition
index by criterion of longitudinal roughness (
J¢) we use the solution which generalize

dependencies of speed of movement of a
traffic stream from roughness and from
degree of a deformation of the asphalt
pavement [12]:

S’=l-(m— 1 ] (8)
n a+b-r

where §' — indicator of longitudinal
roughness of a pavement by bumpometer,
cm/km;

m, a — empirical parameters which corrects
influence of initial roughness of a pavement
on speed of movement of a traffic stream, (m
=86,14; a = 0,0125);

n, b — empirical factors which influence
accordingly for speed of movement and
dynamics of change of roughness of a
pavement on depend of probability of damage
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BukopucToByroun 3ajeXHICTh IMOBIPHOCTI
TTOIITKO/PKCHHS MIOKPUTTSA (r) BiJl
KoeiIieHTy 3amacy MIIIHOCTI KOHCTPYKIIT 3a

JOMYCTUMHM  TIPYXHIM mporuHoM [ 12],
3alUIIEMO  YacTKOBIM  iHAEKC  CTaHy
KOHCTPYKLIi  JOpPOXKHBOTO  OAATYy  3a
KpPHUTEpIiEM PIBHOCTI Y BUIIISAI:
t _ t=0
— 0
Jy=|1 — |100%, 9)

T orT
Soﬁ -

-0 N
e St — IMO3AO0BXHA PI1BHICTb ITOKPHUTTA

06

Ipy MpH 37a4i B EKCIUIyaTallilo, CM/KM,
Tabmung 1;

=T
S™"  — IpaHHMYHO [JONYCTHMA MO3I0BKHS

PIBHICTh TOKPUTTS 3a KpPHUTEpiEM MiHIMyMY
CYyMapHHX HaBEJICHUX BUTpAT Ha
NEPEeBE3EeHHS] BaHTAXIB 1 PEMOHTH JTOPOXKHIX
mokpuTTiB [13].

BpaxoByoun BUMOTH 10 PIBHOCTI MOKPHUTTS
3a yMmMoBOW Oe3meku pyxy (tabmums 1),
3aMUIIeMo KOeQiIieHT PiIBHOCTI TOKPHUTTS:

Ky =8%/s", (10)

7 o
ne S — rpaHMYHO JOMyCTHMa pIiBHICTH
MIOKPUTTS 32 YMOBOIO O€3IMEKH PYXY, CM/KM.

Tabauua 1 — HopmaTuBHI 3Ha4YeHHsA

PIBHOCTI MOKPUTTS [14]

[Toxa3HuUKH PiBHOCTI Kareropist mopori

I 11 11

PiBHICTP TOKPHUTTA TpH  3[adi

. t
JA0POT'H B EKCILTyaTallro S

—  0e3 40 | 45 | 50

CM/KM;

MOBEPXHEBOI  00pOOKH,

- 3 obpoobkoro,| 45 | 50 | 70

CM/KM.

HIOBEPXHEBOIO

I'pannana  pisuicts mokpurtst _3al 90 | 100 | 130

yMoOBOKO  besmeku  pyxy, S,
CM/KM

of a pavement (r), (n =0,123; » =0,045).
Using dependence of probability of damage
of pavement (r) from safety factor of the
design on admissible elastic deflection [12],
we will write down partial condition index of
road pavement design by criterion of
roughness in such form:

t t=0

Jy={l- s
StT (1760

-100%, (9)

06

where S — longitudinal  roughness

of  pavement immediately after put in
commission, cm/km, table 1;

ST~ maximum permissible longitudinal

roughness of  pavement by criterion of
minimum of the total resulted expenses for
transportation and repairs of road pavements
[13].

Considering requirements to roughness of a
pavement on a safety conditions movements
(table 1), we will write down factor of
roughness of a pavement:

Ky =8"/s", (10)

where  S% - maximum permissible
roughness of a pavement on a movement
safety conditions, cm /km.

Table 1 — Standard values of roughness of a
pavement [14]
Roughness indicators

Roads category
1 11 11

Roughness of a pavement ir:rz)mediately
after put in commission S~ :

— without a surface treatment,| 40 | 45 | 50
cm km;

— with a surface treatment, cm/km. | 45| 50 | 70
Maximum roughness of a pavement| 90 | 100 | 130

on_a movement safety conditions,
oe3
S, cm/km.
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Koedimient piBHOCTH

Pucynok 1 — 3B'130k koedilieHTa piBHOCTI
MOKPUTTSI 3 IHJEKCOM CTaHy

Buxopucranns  3amexxnoctedr (9,  10)
JI03BOJISIE BCTAHOBUTH  3B'I30K  MIiX
Koe(illiEHTOM PIBHOCTI Ta 1HIEKCOM CTaHy
MOKPUTTS 32 KPUTEPieM PiBHOCTI (pUCYHOK 1)
Ta OTPUMATH KIJIbKICHY OIIHKY  1HAEKCY
CTaHy JOPOXXHBOTO OJTYy 3a KpHUTEpieM
MTO3JIOBXKHBOT PIBHOCTI (TaOIHIA 2).
Sk Oymo BiI3HAYEHO paHille,
bakTopom,
o0 BH3HAYAE TEXHIKO-EeKCIUTyaTalliHUN
CTaH  JOpPOXHBOTO  OJATY, NPUUHATHI
koeQilieHT 34eryieHHs. BiH HopmyeTbcs 3a
YMOBOIO 0O€3leKH pyXy N CTaHOBUTH IMOHAJ
0,35 s nerkux, 0,40 — g cknaguux, 0,45
— g HeOe3meuyHuXx YMOB pyxy. Horo
HOpPMAaTUBHI ~ 3HAU€HHS  MOBUHHI  OyTH
3a0e3neyeHi MpOTArOM TEpPMiHY CIyKOu
JIOPOXXHBOTO OJATY. Bil3HAYMMO TakoX, IO
3aKOHOMIPHOCTI 3MIHU KoeilieHTa
34YeTICHHsI B MPOLIEC] eKCIuTyaTallii 3aJ1e)arb
Bim OaraTthoxX (akTOpiB, M0 YCKIAJHIOE
rpajanilo 1HJAEKCY CTaHy M0 M'STHOAIbHIN
mkamt. ToMy mpuiiMaeMo 3HAa4YEHHS 1HIEKCY
CTaHy MTOKPUTTS 32 KOS(IIIEHTOM 34YETIICHHS:
npu  3a0e3nedeHoMy  KoegilieHT1

suerienns (¢ = (0,35; 0,40; 0,45)) J = 100;

— 1mpu  He3abe3neyeHOMYy Koe(blmeHTl
suerienns (¢ < (0,35; 0,40; 0,45)) J,=0.
Tomi  1HAEKC  TEXHIKO-EKCILTyaTaIiitHOTO
CTaHy JOpPOXKHBOTO OJIATY MOXe OyTh
pPO3paxOBaHMIA:

=iqw/iq, (11)

i=l1

TpeTIiM

e m — 3arajjbHa KUIBKICTP YaCTKOBUX
1HJIEKCIB CTaHy JOPOKHBOTO OJIATY;

100 S
£ e
2 80 =
2 g V i
B E /L
= & 60 / —
s 8 // —o—1 Category
g% 40 F/(/ —o—1II Category |
':g _§ /// —a—TII Category
> y/
o ,‘E O
% 5 20 I'
5
E 0l

0,5 1,0 1,5 2,0 25

Factor of roughness

Figure 1 — Relation between factor of
roughness of a pavement with a condition
index

Taking advantages of dependences (9, 10)
allows to establish relation between factor of
roughness and index of a condition of a
pavement by criterion of roughness (Figure 1)
and to receive a quantitative estimation of an
index of a condition of road pavement by
criterion of longitudinal roughness (table 2).
As it has been noted earlier, the third factor
defining a technical-operational condition of a
road pavement, accepts friction factor. It is
normalized on a safety conditions of
movement and makes from above 0,35 for
good, 0,40 - for difficult, 0,45 - for dangerous
traffic conditions. Its standard values should
be provided throughout road pavement life
cycle. We will notice also that laws of friction
coefficient change while in service depend on
many factors that complicates gradation of
condition index on a five-point scale.
Therefore we accept value of condition index
by friction factor:

— at the provided friction factor (¢ =(0,35;

0,40; 0,45)) J,,=100;
— at a poor friction factor (¢ <(0,35; 0,40;
0,4%)) J,=0.

Then the index of a technical-operational
condition of a road pavement can be
calculated:

h=Yad Sa.

where m — total amount of partial indexes of
a condition of a road pavement;

18
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0, — BaroBUi KOEQIIIEHT i-TO YACTKOBOTO

1
1HIEKCY CTaHy JOPOKHBOTO OJIATY;
J, — YacTKOBHMH I1HJIEKC CTaHy JOPOKHBOTO

1

OJLIATY.

Tabmuus 2 — [HAekc cTaHy 3a KpUTEpieM

a, — weight factor of i-th partial condition

index of a road pavement;
J, — partial condition index of pavement.

Table 2 — A condition Index by criterion of

PIBHOCTI IIOKPHUTTS roughness of a pavement
Karero Koedimient Ianexc Orminka cTany
pist piBHOCTI crany Jg| mokpurrs Roads Factor Index of | Estimation of a
JIOpOTi catego Roughness condition | condition of a
I monay 1,8 100 BiJIMIHHO ry Jq pavement
Bix 1,8 mo 1,125 9975 J06pe | from above 1,8 100 perfectly
Big 1,124 no 1,0| 74 —69 3a10BLILHO from1,8t01,125| 99 -75 well
Bix 1,0 1o 0,45 68 -0 HE3aJ0B1ILHO from1,124t01,0 | 74-69 | satisfactorily
mennte 0,45 | menme 0 | 3pyiiHOBaHO from1,0t00,45 | 680 |unsatisfactorily
I nonan 2,0 100 BiZIMIHHO it is less than 0,45 |itis less 0| it is destroyed
Bin2,0 n0 1,11 | 99-72 n06pe I from above 2,0 100 perfectly
Big 1,10 1o 1,0 | 70 — 65 3aI0BUJIBHO from2,0to1,11 | 99-72 well
Bix 1,0 1o 0,50 64 -0 HE3a10BiIbHO from1,10t0 1,0 | 70-65 satisfactorily
MeHe 0,50 meniie 0 | 3pyitHOBaHO from 1,0 to 0,50 64 — 0 | unsatisfactorily
i moHan 2,6 100 BigMiHHO it is less 0,50 itisless 0| itis destroyed
Bim 2,6 mo 1,30 | 9977 no6pe 1l from above 2,6 100 perfectly
Big 1,30 1o 1,0 | 76 — 62 3aI0BUJIBHO from2,6t01,30 | 99-77 well
Bix 1,0 1o 0,43 61-0 HE3a10B1IbHO from1,30t0 1,0 | 76 —62 satisfactorily
mentire 0,43 mennie 0 | 3pyiiHOBaHO from1,0t00,43 | 61-0 |unsatisfactorily
itisless 0,43 |itisless 0] itis destroyed
BucHoBku Conclusions
Jlictrama TOJANBIIOTO PO3BUTKY  MOJIENb It has had the further development a model of

OLIIHKY TIOTOYHOTO CTaHy JIOPOKHBOTO OJISITY
3a 1HJEK COM TEXHIKO-eKCILTyaTalliifHOro
CTaHy, IO BPaxOBY€ TMOKA3HUKU MIITHOCTI
JOPOXKHBOTO OJISTY, MO3/J0BXKHBOT PIBHOCTI
MOKPUTTA Ta KoeQilieHTa 34YeIJIeHHS Ta
JI03BOJISIE HAJaTHU KUIBKICHY OIIHKY CTaHy
JOPO’KHBOTO  OASTYy  3a  pe3ylbTaTaMu
IHCTPYMEHTAJIbHOI Ta BI3yaJlbHOI OLIIHKH.
CykymHICTh pe3ysbTaTiB, IO HaBEJIECHI B
po0OOTi, CKJIaJalOTh OCHOBY IPOTHO3YBaHHS
CTaHy JOPOXXHBOTO OASATY Ha  Mepexi
aBTOMOOUIBHUX JIOPIT 3 METOI PO3MOJILTY
pecypciB Ha pEMOHT Ta YTPUMAaHHS.
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estimation of the current condition of road
pavements in accordance with index of a
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BUKOPUCTAHHS JU®EPEHLIIIOBAHOI'O METOJ1Y B IPOEKTAX BY IIBHUIITBA
ABTOMOBLIBLHOI JOPOTH JJISI OBJIIKY TA OLIHKHA AKTHBIB JIOPOKHLOT'O
TOCIIOJAPCTBA

AHoTanisi. JIopoXXHBO-TPAaHCIIOPTHUI KOMITIEKC — OAHA 3 JOMIHYIOUMX Taimy3eii B €KOHOMIIli, HOBI
Mpo0JIeMH, 3 SIKUMU 3IIITOBXYEThCS 1l CEKTOpP, MOTPeOYIOTh palflioHami3allii Ta MoaepHi3allii B 00yacTi
opraizaiii cuctemMu Ta ii ynpapiiHHSA. BinmoBigHO 10 AiF040T B JOPOXKHBOMY OYIIBHUIITBI CHCTEMOIO
3a0e3rmedyeThcsi BCEOIYHMI KOHTPONB SKICHOTO CTaHy JOpIr 3aralbHOrO0 KOpuCTyBaHHA. Cuctema
KOHTPOJIIO SIKOCTi poOiT 0a3yeThes HA HAYKOBUX 3acafiax CTaHJapTH3allii, METPOJIOrii Ta KBaIIMETpii, 110
3a0e3Me4yoTh CyBOpE JOTPHMAHHS [IIOYMX HOPMATUBHUX JIOKYMEHTIB, €IHICTH 1 JOCTOBIPHICTH
BHUMIipIOBaHb.

Kuarouogi ciioBa: aBToM0OLIBHA TOpOTa, AKICHI 03HAKH, OI[iHKA, METO/IH OIIiHKH.
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USING DIFFERENTIAL METHOD IN THE CONSTRUCTION OF THE HIGHWAY TO THE
ACCOUNTING AND VALUATION OF ASSETS ROAD SECTOR

Abstract. Road transport complex - one of the dominant sectors of the economy, new challenges facing
the sector in need of rationalization and modernization in the organization and its management system.
Under the current system in road construction provided comprehensive control of the quality of public
roads. The quality control system works based on scientific principles of standardization, metrology and
quality control, ensuring strict compliance with existing regulations, unity and reliability of
measurements.

Keywords: road, signs of quality, assessment, evaluation methods.
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HCIOJIb30BAHUE JUO®PEPEHIIUNPOBAHHBIX METO/JIOB B IPOEKTAX
CTPOUTEJBCTBA ABTOMOBWIBHOM JOPOI'U JIUISI YYETA U OLIEHKH AKTUBOB
JTOPOXKHOI'O XO35MCTBA

AHHoTaumst. JJopOoXHO-TPAHCIIOPTHBIA KOMIUIEKC - OJHA W3 JIOMUHUPYIOUIUX OTpacieidl B 3KOHOMHKE,
HOBBIE NIPOOJIEMBI, C KOTOPBIMH CTAJIKUBAETCSI STOT CEKTOP, TPEOYIOT palMoHaIN3aluy 1 MOACPHU3ALUIH
B 00jacTh oOpraHu3alMd CUCTeMbl M ee ynpamieHus. CorjacHO JAEHCTBYIOIEH B JOPOXKHOM
CTPOHUTENBCTBE CHCTEMOI OOECTIeunBaeTCsl BCECTOPOHHHM KOHTPOJH KAYECTBEHHOTO COCTOSHHS IOPOT
obmero monk3oBaHus. CHcTeMa KOHTPOJII KadecTBa paboOT Oaszupyercss Ha HaydHBIX NPUHIIHMIIAX
CTaHAAPTH3aLNHU, METPOJIOTHH M KBAJIIMMETPHH, 00ECIIEUHBAIOLINE CTPOroe COOIIOAECHUE NEHCTBYIOMINX
HOPMATHBHBIX JOKYMEHTOB, €IMHCTBO U JOCTOBEPHOCTh U3MEPEHUI.

KuioueBble c10Ba: aBTOMOOMIIbHAS JOPOTa, KAUECTBEHHBIE TPU3HAKH, OI[EHKA, METO/IBI OTICHKH.
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Beryn

Jlep>xaBa, Ha TENEpilIHIM dYac, HE CHPOMOXKHA
MOBHICTIO npodiHaHcyBaTu notrpedu
aBTOJOPOKHBOTO  CEKTOPY 3  JePKOIIKETY,
OCKUTBKH PyX TpPaHCIOPTY, K MPaBUIIO, 3POCTAE
3HayHO 1mBuAme, HDK BBII Ta gopoxsi
BIJIOMCTBA PIJKO MiAMOPSIKOBYIOTHCS PUHKOBIH
JIUCIAILTIHI IS HIIBUIIEHHS cBO€l
e(peKTUBHOCTI, IHBECTULIIHH] norpedu
aBTOJOPO’KHBOTO CEKTOPY MarTh TCHJCHIIIO 10
OUTBII MIBHJIKOTO 3pOCTY, HIDX 3HaTHICTH abo
TOTOBHICTh JICP)KABHOI CTPYKTypU 3a0€3MeYUTH
Horo 3 MOAATKOBUX HaIXOKeHb. B pesynbrari
3pOCTa€  CIHCOK  HEBHUKOHAHUX  poliT Ta
IHBECTHII 3 IMOJAJNBIIMMH 1HBECTULIMHUMUA
npobiaeMamMu VTS TpaAMIIIHHUX METOIB
3aKyMiBellb Ta MiIIITOBXYE JAEPKaBY IO TMOUIYKY
aIIbTePHATUBHUX JKepel (iHAHCYBaHHS.

B 6inbmrocti kpain Mepexa aBTOMOOLIBHUX JIOPIr
CKJIaJ]a€ OJMH 3 HAWOUIBIINX CYCIIJIbHUX aKTHUBIB
i, SK TpaBWIO, HAJICKUTH JepxkaBi. barato
aBTOJIOPO’KHIX  BIJIOMCTB  BIJANOBITAIOTH 34
yIpaBJIiHHS aKTUBaMH, BapTICTh SKHUX 31CTaBlieHA
3 IIHOI HAWOUIBIIMX NPHBATHUX MIKHAPOIHHUX
KomrmaHii [1].

B kpaiHax, 110 po3BHBaIOThCS, AOPOXKHI MEpexi
MaroTh MPOMNOPILINHO OUIBII BUCOKHI BIUIUB Ha
Hal[lOHAIbHY  €KOHOMIKY B  3B’S3Ky  3i
30UIBIIIEHHSM YaCTKH MPUBATHOTO CEKTOPY.
Kpaiam  MOXyTh  BHIpaTd Bl  JIOIOMOTH
MPUBAaTHOIO CEKTOPY B LUIAX €PEKTUBHOTO
pearyBaHHs Ha npobiaemMu JIOPOKHBO-
TPAHCIIOPTHOTO KOMIUIEKCY Ta 3a0e3lneyeHHs
ONTHMAJIBHOTO BKJIALy aBTOLOPOKHBOTO CEKTOPY
B €KOHOMIYHUN PO3BUTOK.

OcHoBHa YacTHHA

BignosimHo g0 Airodoi B JIOPOKHBOMY
OyA1BHULTBI CUCTEMOIO 3a0e3neuyeThes
BCEOIYHMI KOHTPOJb SAKICHOTO CTaHy Jopir
3arajlbHOTO KOpHCTyBaHHsA. CHCTEMa KOHTPOJIO
AKOCTI poOIT 0a3yeTbcs Ha HAYKOBHX 3acagax
CTaHJapTHU3allil, METPOJIOTii Ta KBaJIMETpii, 110
3a0e3neuyioTh CyBOpe JOTPUMaHHS  JIIOYHX
HOPMAaTHUBHHUX JIOKYMEHTIB, €IIHICTH i
JOCTOBIPHICTh BUMIPIOBAHb.

Kpim TtOoro, ocobnuBy yBary HEOOXiJHO
OPUAIISATH BU3HAYCHHIO HOMEHKJIATypH
MOKa3HHUKIB SKOCTI 3 MeTolo  (popMyBaHHS
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Introduction

The state, at present, are not able to fully
fund the needs of road sector budget
because traffic usually increases much
faster than GDP, and travel agencies are
rarely subject to market discipline to
improve its efficiency, the investment
needs of road sector tend to be faster
growth than the ability or willingness of
state structures to provide it with tax
revenue. As a result of growing list of
outstanding work and investment of
further  investment  challenges  for
traditional methods of procurement and
pushing the state to seek alternative
sources of funding.

In most countries, the network of roads is
one of the greatest public assets and
usually belongs to the state. Many road
agencies are responsible for the
management of assets whose value is
compared with the price of the largest
private multinational companies [1].

In developing countries, road networks
have a proportionally greater impact on
the national economy due to the
increased share of the private sector.
Countries can benefit from the assistance
of the private sector in order to respond
effectively to the challenges of road
transport sector and optimize the
contribution of road sector in economic
development.

Presenting main material
Under the current system in road
construction provided comprehensive
control of the quality of public roads. The
quality control system works based on
scientific principles of standardization,
metrology and quality control, ensuring

strict  compliance  with  existing
regulations, unity and reliability of
measurements.

In addition, special attention should be
paid to the definition of the range of
quality indicators in order to develop
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MaWHOBOI OILIIHKM Ta CKJIAJAHHS MOJEN] SIKICHOIO
CTaHy TPAHCIOPTHOI CIOPYAH, aBTOMOOLILHOT
JIOPOTH 30Kpema.

JIOCTOBIpHICTh OLIHKM B 3HAYHIM Mipi 3aJI€KUTH
Bill 00'€eKTUBHOCTI 0a30BUX ITOKa3HUKIB. Tomy
CUCTeMa OIIIHKM TOBHHHA TPYHTYBaTUCS Ha
MIPaBHWIIBHOMY BHOOPI €TaJOHHUX 3HAYCHb, a MPH
HEOOXIIHOCTI, HA 1X ONTUMAJIbHUX 3HAUCHHSX.

Baxnua pOJIb B OIIiHIII HaJICKUTh
mudepeHItiioBaHoMy a00 KOMIJIEKCHOMY METO.Y,
KU  J103BOJIsiE  BCEOIYHO BpaxyBaTu  pi3Hi
BJIACTUBOCTI ~ aBTOMOOUIBHOI ~ jgoporum 1 ix
BaroMiCTh B y3arajibHEHY OIlIHKY [2].

Jlis  mepeTBOpeHHs SAKICHMX O3HaK 00 €KTa

3aCTOCOBYIOTBCSA mudepeHIiiioBanuii abo
KOMILIEKCHUN METOIHU [3]. IIpu
TUQEPeHIIHOBAHOMY  METOMI  OIliHKa  PIiBHS

SIKICHMX O3HaK SHiﬁCHIOETBCH 3a OJWHHYHHMH
IIOKa3HHUKaMHu

Ki=R/PRs ado K =Py/R, ()
ne P - 3HayeHHs i-TO NOKa3HUKA SKiCHOI
BIacTHBOCTI; P, - 3HaueHHA i-To 0a30BOroO

(eTaJIoHHOTO) TTOKA3HHKA.

3rigHo naHoi GopMyiu, 30UIbIIEHHS OAMHUYHOTO
MOKa3HMWKa BIJNOBIAa€ TOKPAIICHHIO 3arajbHO1
AKOCTI ~ OPOAYKIii, TOOTO K,, Oynyun

0€3pO3MIpHOI0 BEIUYHHOI, BHU3HAYAa€ PIBEHb
SKICHUX O3HAK CTaHy 00’ €KTa OLIHKH.

JludepeHnniioBaHuii MeTOJ KITbKICHOT OIIIHKH
JIO3BOJISIE OXHO3HAYHO OIIIHWUTH SKICHI O3HAKH B
JIBOX BWIAJKax: 1) piBeHb SKOCTI MPOAYKIIii, 110
OLIIHIOEThCS BHIE a00 JOPIBHIOE PIBHIO SIKOCTI
0a30BOro 3paska, sSKIIO BCi mokazHuku P >1; 2)

plBCHB SIKOCTI HpOIIYKI_Ill 1o OI_IIHIO€TBCH HHWXKYC
plBHSI skocti  0a30BOro 3pa3ka, Ko BCl

nokasuuku P, <1.

3acTocyBaHHS TaKoi BiTHOCHOI KUIBKICHOI OITIHKH
SAKICHUX O3HAaK Jla€ MOXIIMBICTb TPHUBECTU JIO
€IMHOr0 MOKa3HMKa MOJEI BCl BIIACTHUBOCTI,
T00TO TpaHchopMyBaTH BCl MPOCTi (KBa3impoCTi)
BJIACTUBOCTI 3a €QMHOIO IIKAJIOKO.
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property evaluation and model the quality
of transport facilities, in particular road.

The reliability assessment is largely
dependent on the objective baseline.
Therefore, the evaluation system should
be based on proper choice of reference
values and, if necessary, their optimal
values.

An important role in the evaluation of
complex belongs to a differentiated or
method which allows you to fully take
into account the different properties of
the road and their importance to the
generalized assessment [2].

To convert the qualitative features of the
object used differential or complex
methods [3]. With the differential method
of assessment of quality signs carried by
single figures

K =P/Pgor K =Py/P, (1)

- value of i-th indicator of rate
quality properties; P, - Value of i-th
base (reference) indicator.

According to this formula, the increase in
the unit rate corresponds to improving the

overall quality of products, thoughK,,
beingg a  dimensionless  quantity

determines the level of quality attributes
of the object of evaluation.

where P

Quantify the differential method allow
one to assess the qualitative features in
the two cases: 1) the level of product
quality that is rated above or equal to the
level of the base model, if all indicators
P >1; 2) the level of product quality,
measured, below the level of the base
model, if all indicators P, <1.

The uses of such relative quantify the
qualitative  characteristics makes it
possible to bring a single indicator
models all properties that transform all
simple (quasi-simple) properties on a
single scale.
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ba3oBi TOKa3HWKHM SKICHUX O3HAK BiNIrParOTh
BOKJIUBY POJb B KUIBKICHIM omiHIi. Big ix
NPaBUIBHOTO BUOOPY 3alE€XKHUTh O0'€KTUBHICTD
OL[IHKM SIKOCTiI CTaHy cHopyau. 3HaueHHS P

MOXYTh OyTH: HOPMATUBHUMH a00 €TAIIOHHUMH;

€KOHOMIYHO ONTUMAJTbHI, 0oOrpyHTOBaHI
BIIOBIAHUMHA TEXHIKO-EKOHOMIYHUMU
PO3paxyHKaMH.

Ha Oyxap-skoMy piBHI KOXHA BIACTHBICTH
OIIIHIOETbCS HE TUIbKH  JU(epeHIiHOBaHIM
nokasHukoM K, ane it xoedimieHTOM BaromocTi
b,. OcranHiit BigoOpaxkae BENMYHHY 3HAYUMOCTI
TUEPEHIIIHOBAHOTO TTOKa3HUKA B KOMIUICKCHOMY

MIOKA3HUKY.
JI71st KO’)KHOTO PiBHA
n
> b, =M =const, 2)
i=1

7ie N — KUTBKICTh BJIACTUBOCTEH Ha i-My piBHI.

Benuunna M nHaitvacrime npuiiMaetbes 3a 1 abo
100.

3 JgaHOrO BHUpa3y BUIHO, IO 30UIBIICHHS

3HAYUMOCTI OJIHUX BIIACTUBOCTEH MPOIYKIIiT
MOK€  BIIOyTHCS 32  paxyHOK  3HHKCHHS
3HAYUMOCTI 1HIINX. Bin JOCTOBIPHOCTI

KOe(IIi€HTIB 3HAYMMOCTI 3aJEKHUTh KUIbKICHA
OLlIHKAa SIKOCTI Ha KOXXHOMY piBHI, a TaKOX
00’€KTa B LIJIOMY.

KinpkicHa oIiHKa SIKICHUX O3HAaK JAHOTO PiBHS
a00 00’eKTa B JIOMY BU3HAYAETHCS 32 MOJIEILITIO

Kk:ibiF)i/Pie:Zn:biKiv ©)
i=1 i=1

3rigHo ymoBH (2) Ta Bupasy (3):

b, =b,-b,,-b,,...b. 4)
Ha mincraBli mporo Bupasy MOXHa BU3HAYUTH
BIUIMB TMOKa3HUKA Oy/b-sIKOT MPOCTOI BIACTHUBOCTI
Ha 3HAQYEHHS TIpPYyNoBOro abo KOMIUIEKCHOTO
MOKa3HUKa SKICHOTO CTaHy, IO Ma€ BEJHKe
MPAaKTUYHE 3HAYEHHS.
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Basic indicators of quality signs play an
important role in the quantitative
assessment. Their correct choice depends
on the objectivity of the quality of state

structures. Values Pgcan be: middle

made in the industry; the highest
achieved in the industry; perspective;
matching the best foreign models;
economically optimal, informed the
relevant  technical and  economic
calculations.

At any level, each property is assessed
not only measure the differential K, but

the weight factorb, . The latter reflects the

importance of the value differential
indicator in the composite index.
For each level

> b =M =const, 2)
i=1

where n - the number of properties on the
i-th level.

The value M is often take for 1 or 100.

From this expression shows that
increasing the significance of some
product properties can occur by reducing
the significance of others. From the
reliability coefficients of significance
depends quantification of quality at every
level, and the facility in general.

Quantifying the qualitative characteristics
of the level or for the whole model

KkzzbiPi/PiG’ (3)
i=1

According to (2) condition and term (3):

bik = bn ’ bn—l ’ bn—2 . 'bl' (4)
On the basis of this expression can
determine the impact of index any simple
properties of the value of the group or the
quality of the composite indicator, which

is of great practical importance
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KommnekcHuit MOKa3HUK TEXHIKO-
(YHKIIOHAJILHOTO CTaHy JOPOTH OIIHIOETHCS 3
ypaxyBaHHSIM HE MEHII HiXK IIECTH EJICMCHTIB

noporu: b, — mopoxwmiii omsar; Db, — semnane
nonotHo; b, — Gnaroyctpiii Ta ozenenenns; b, —
copynu; by —

obcranoBka; by, — GyaiBii Ta criopyau JOpPOKHBOT

IITY4YH] o0lamTyBaHHA Ta

Ta aBTOIOPOXKHBOT CITYXKO.

Sxmo Ha [aHid JOUISHION  JIOpOTH  BiACYTHI
eneMeHTH  (Hampukiaa, — OyaiBiai,  IITY4HI
CHOpY/H), TO Koe(illiEHTH BaroMocTi HasIBHUX Ha
JaHOMY  KUJIOMETpl CcHopyl TOBHHHI  OyTH
30inbIIeHi [4]:

b. =b +-2 (5)

ne b, - HOBe 3HAYeHHS KOedilieHTa BArOMOCTI; (-
YHCIIO0 BIJICYTHIX Ha TAaHOMY KiJIOMETpPi eIEMEHTIB
3 KoediliEHTaMH BaroMOoCTi bi' .

BusHauenns KOoe(ILI€HTIB BaroMocTi
OaraTopiBHEBOI  MOJeJli  TEXHIYHOIO  CTaHy
aBTOMOOLUTBHOI JIOPOTH TPOBOJUTHCS HAa OCHOBI
BapTICHOTO METOJy 3 HACTYINHUM BHKOHAHHSIM
IPOILIOBOI OL[IHKH 00’ €KTA.

Bapricuuit meTton BuU3HAYeHHS KOE(DIIIEHTIB
BaroMOCTi 3aCHOBaHMIl Ha NPUIYLIEHHI, 10
TEXHIKO-(QYHKIIOHAIBHUA CTaH TPaHCIOPTHOI
CHOPYIU TPOMOPIIHUI BapTOCTi, a BaroMiCTh
BJIACTMBOCTI 1JI€HTHYHAa BHUTpaTaM, TOOTO MIXK
BaromicTio b i komrropucHoro Baprictio C, icHye
(byHKIIOHATBHUH 3B'SI130K
b, =f(C,),sxmo C,>C,, tal,>b,.

B Takomy Bumagky

b,=C,/>C,, (6)

i=1
ne C, - xomroprcHa BapTiCTh Ha BJIAIITYBaHHS
OKpeMHX OO0’€KTIB OCHOBHOI'O NpPU3HAYEHHS Ta

n
o0JamITyBaHHs  JTOPOTH; ZCi - 3arajJbHa
i=1

KOIITOPHUCHA BapTICTh BUAIB POOIT.

B sikocTi mpukiany npencTtaBiieHa OaraTopiBHEBa
MOJICJIb TEXHIYHOTO CTaHy Ha eTami 37a4l B
eKCIUTyaTaIlilo AUITHKH aBTOMOOLITBEHOT IOPOTH.
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A comprehensive index of technical and
functional condition of the road is
estimated on the basis of at least six
elements of the road: bl - pavement; b2 -
roadbed ; b3 - landscaping and
gardening; b4 - artificial structures; b5 -
construction and road conditions; b6 -
buildings and structures of road and road
services.

If this part of the road missing elements
(such as building artificial structures), the
weight ratios available on this kilometer
buildings should be increased[4]:

b. =b +-2 (5)

where b, - the new values of the weight;
g- number of missing elements in this
kilometer of weight coefficients b, .

Determining factors of importance
multilevel model of technical condition
of road is based on the cost method,
followed by implementation of monetary
valuation of the object.

Value method is based on the assumption
that the technical and functional state

transport facilities proportional value b,
and importance properties C, identical

costs, between the weight and the
estimated value functional relationship
exists

b =f(C),if C,>C_ and b >h .
thus
b,=C./3C,, (6)

i=1

where C, - estimated cost for placing an
individual object and purpose road

improvement; > C, - total estimated

cost of production.

As an example of multilevel model
presented technical condition during
commissioning of the road section.
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KoMruiekcHuii  MOKa3HUK  TEXHIYHOTO  CTaHy
JISTHKA aBTOMOOUTBHOI TOPOTM Ha CTafii 3/1a4i B
eKCIUTyaTaIlil0 MOJKHa IMPEJCTaBUTH B TaKOMY
BUTJISAIL:

K, = 0,002K; + 0,004K, + 0,004K; +
0,096K, + 0,004Ks + 0,092K, + +0,003K, +
0,003Kg + 0,618K, + 0,005K,, + 0,022K,, +
0,021K,, +

+0,003K,5 + 0,002K,, + 0,094K,: +

0,025K,¢ + 0,034K,, ©)
ITliaroroBui po6oTn 0,002
0,010 H?peBnamTyBaHHx Mepex 0,004
3B'SI3Ky
MigroroBk | IlepeBnamrtyBaHHs iH)KEHEPHUX 0.004
a TepuTopii | Mepex !
OymiBHULIT
Ba
3eMIISIHE ITOJIOTHO 0,096
lTy4Hi copyan 0,004
JloposxHiii omsr 0,092
0,790 Bynisni ta CHOPY/H IOPOIKHBOR 0,003
Ta aBTOJOPOXKHBOI CITykKO
06'exTi IMepeciyeHHs T TPUMHKAHHS 0,003
OCHOBHOTO Ecrakana 0,618
[pH3HaYeH
HA TTiroxiguuii MicT 0,005
Ky
OOnamryBaHHS Ta OOCTaHOBKA 0,022
JIOPOTH
0,047 30BHIIIHE OCBITIIEHHS 0,021
brnaroycTpi | BmamrtyBaHHS —mIymMo3axXuMCHHX 0003
i Ta | eKpaHiB '
:3eHeHeHH JlopoxHui 3Haku. Omnopu 0, 02
0,094
Tumdacosi cropynu Tta Oynmismi. Komtn Ha 0.094
iHII OymiBITi T2 BUTpATH '
0,025
Y TpuMaHHs CIy:KOH 3aMOBHHKA 0,025
0,034
IIpoeKTHO-BHIIYKYBAIIbHI pobotu Ta 0,034

aBTOpCBKI/Iﬁ HarJs g
Pucynok 1 — Kpanimerpuuna GaraTtopiBHeBa MOJIENb
TEXHIYHOTO CTaHy Ha eTami 37adi B eKCILTyaTallito
JIUTSTHKH aBTOMOOLUITBHOT TIOpOTH

3aranpHa OIliHKA SIKOCTI OyAiBeIhHO-MOHTKHHUX
pOOIT OKpeMoi NIISHKH JOPOTH HE MOXe OyTH
BUIIE, HDDK OIIHKA SIKOCTI HAWOIIbII BayKJIIMBHUX
€JIEMEHTIB - IIOKPUTTS 1 3¢MJITHOTO TIOJIOTHA.
Cepennst OIHKA SIKOCTI OyMiBEIHHO-MOHTaKHUX
POOIT KITBKOX TUISTHOK JOPIT
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Comprehensive technical state of the road
section at the stage of commissioning can
be represented as follows:

K, = 0,002K, + 0,004K, + 0,004K +
0,096K, + 0,004Ks + 0,092K, +
+0,003K, + 0,003Kg + 0,618K, +
0,005K,, + 0,022K,; + 0,021K,, +
0,003K,5 + +0,002K,, + 0,094K,s +

0,025K;¢ + 0,034K;,. 7)
Preparatory work 0,002
0,010 The rearrangement networks 0,004

Preparation  [The rearrangement of installations 0,004

of
construction

area

Roadbed 0,096
Artificial structures 0,004
Pavement 0,092
0,790 Bulldlngs_ and structures of road and 0,003
road services
Objects  of Intersection and adjacency 0,003
primary Overpass 0,618
purpose -
Footbridge 0,005
K|
Construction of roads and conditions 0,022
0,047 Outdoor lighting 0,021
Landscaping |Arranging noise protection screens 0,003
and -
gardening Road Signs. Support 0,002
0,094
Temporary structures and buildings. Funds for the 0094
building and other costs '
0,025
Keeping customer service 0,025
0,034
Design and survey work and supervision 0,034

Figure 1 — Kvalimetrical multilevel model
technical condition during commissioning of
the road section

Overall quality of construction works of a
single road section can not be higher than
the rating as the most important elements
- cover and subgrade.

The average assessment of the quality of
construction works of several road
sections
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_KS +KS, +..+K S,

» (8)
S;+S,+...+85,

ne Kl Kn - ominka skocti OyniBenbHO-

MOHTQ)XHUX POOIT HAa OKPEeMHUX TUISHKAX JOPOTH;

S1 ... Sn - KOmTOpPHCHI BapTOCTI BIJIOBIIHUX

TUISTHOK; N- KUTBKICTh 3aKiHUEHUX JTUISTHOK JIOPIT.

BucHoBkH

Taxum YUHOM, BUKOPHUCTAHHS
mu(depeHIliioBaHOTO METOJy OIlIHKH SKICHOTO
CTaHy JUISHKA aBTOMOOUIBHOI  JOpOTH  —
3MICTOBHMH Ta BIANOBIIaNbHUI eTall 11 KUIBKICHOT
OIIHKH, SKUA BHU3HAYAETHCS  IPABWIBHICTIO
BUOOpy Mojeni. KpiMm Toro, BiJ HbOTO 3aJICKHUThH
pOJIb TPOCTUX 1 CKIAQAHUX BIACTHBOCTEH B
3arajpHii  OIIIHIII 1  BaroMicTb  OKPEMHX
BIIACTHBOCTEH Ta 00’ €KTHUBHICTh TPOBEICHHS
I'POIIOBOI OIIIHKH.
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Penenzenru:

K S +K,S, +..+ K S
S;+S,+..+5,

(8)

@

where K1 ... Kn - assessment of the
quality of construction works on some
sections of the road; S1 .. Sn - the
estimated value of the relevant areas; n-
number of completed road sections.

Conclusions
Thus, the using of differential method for
assessing the quality of the road section -
a meaningful and crucial stage of its
quantitative assessment, defined correct
model selection. In addition, it affects the
role of simple and complex properties in
the overall assessment and the
importance of individual properties and
objective of monetary value.
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YK 625.7/.8
I'ameasik LIL., 1-p TexH. Hayk, Peneiicbka C.B., [Ianemes O.C.

YJIOCKOHAJIEHHS TEXHOJIOT'Ti TAPIUOI'O PECAUKJIIHTY
ACPAJTBTOBETOHHUX INOKPUTTIB HEX KOPCTKHUX JOPOXKHIX TA
AEPOJIPOMHUX ITOKPUTTIB

AHoTauig. Y poOoTi po3risiiaBcss METO MOMIMIISHHS SIKOCTEH MaTepiajiB, sIKi 3aCTOCOBYIOTHCS TIPU
TEXHOJIOTIT TapsA4oro PEecakiIiHTy crmocodom "Ha micii", a caMe — BH3HAYECHHS ONTUMAJIBHOTO
BMICTy OiTyMy Ta creuialibHUX J100aBOK mpupoaHoro Oitrymy Selenizza SLN 120 B 3anexHocCTi Bij
3€pPHOBOTO CKJIa/1y KaM'ssHOTO MaTepiaiy.

OO0’ €eKT OCTIIKEHHS — YOPHUIA IE0iHb.

Meta poOOTH - TIPOBEIEHHS aHATI3y PEMOHTY IMOKPHUTTS 3 3aCTOCYBAaHHSIM TEXHOJIOTIi raps4oro
pecalKIIiHry, Ta BH3HAUEHHS LUIAXY YIOCKOHAJCHHS TEXHOJIOTIi 3a paXyHOK BBEJICHHS B CKJal
cymimri 1o6aBKu mpupoaHOro Gitymy Selenizza mpu mpuroTyBaHHI 4OPHOTo MICOCHIO K MaTepiaty
IUTSL BIATHOBJICHHS CYMIILI.

Metoau AOCIIKEHHS — EKCIICPUMEHTAIbHI.

Kir04oBi ci10Ba: TEXHOIIOTIS Tapsvoro pecakiiHry, MpupoaHid OiTym selleniza, 6iTyMOEMKICTb,
TeMIepaTypa po3M’ IKIIICHHsI, 3YCTIJICHHSI, YOPHHI 1Ie0iHb, B A3KICTb.

UDC 625.7/.8
Gameliak I.P. Dr. Tech. Sci., Reneiska S.V., Paleshev O.S.

IMPROVEMENT OF THE TECHNOLOGY OF HOT RECYCLING OF
ASPHALT LAYERS IN FLEXIBLE AND AIRFIELD PAVEMENTS

Abstract. The work was considered a method of improving the quality of the materials used in the
technology of hot recycling method "on site” - namely, determination of optimum bitumen content
and special additives according to the grain of the stone material.
The object of study — black gravel.
Purpose — the purpose of this study — is the analysis of pavement rehabilitation including application
of the hot recycling technology, and identification of a way to improve the technology by introducing
a natural bitumen additive Selenizza into the mix, in the course of preparation of black crushed-stone,
as a material for rehabilitation of the mix.
Research methods — experimental.
Keywords: hot recycling technology, natural bitumen selleniza, bitumoyemkist, softening
temperature, coupling, black gravel, viscosity.

YK 625.7/.8
I'ameasik UL.IL., n-p TexH. Hayk, Peneiicbka C.B., [Tanemes O.C.

COBEPHIEHCTBOBAHUME TEXHOJIOI'MU I'OPAYEI'O PECAIﬁK.JIJJHFA
HEXECTKHUX JOPOKHUX U ADPOAPOMHBIX IOKPBITUH

AHHoTamusi. B pabore paccMarpuBaiics METOJ YAydIICHHS KadeCcTBa MaTEPHUAIOB, MPHUMEHSICMBIX
MpU TEXHOJOTMH TOpPSYEro pecailkiaumHra crmocoOoMm "Ha wmecte', a HMEHHO - OIpeaelieHue
ONTUMAJIBHOTO COJIEpKaHUs OUTyMa U CHEIUAIBHBIX J100aBOK mpupoaHoro ouryma Selenizza SLN
120 B 3aBUCUMOCTH OT 3€pHOBOT'O COCTaBa KAMEHHOI'0 MaTepuasa.

OOBEKT uccaea0BaHus — YEPHBIN MIEOCHB.

Ilenp paboOTHI — MpOBENEHHE aHAIM3a PEMOHTA TMOKPBHITHS C MPUMEHEHHEM TEXHOJOTHUHU TOPSYero
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pecaliKJIuHra, U ONpPEJEJICHUE MYTH YCOBEPIIEHCTBOBAHUS TEXHOJIOTHMH 3a CUYET BBEJICHHS B COCTaB
cMmecH A00aBKH mpupoaHoro 6utyma Selenizza npu NpuUroTOBICHUH YEPHOTO IIEOHS KaKk MarepHualia

JUI1 BOCCTAHOBJICHUS CMECH.
MerToibl uccneI0BaHus — SKCIIEPUMEHTAIbHbBIE.
KiaueBnie ciioBa:

TCXHOJIOTHUA TOopA4YCro pec aﬁKHI/IHFa,

ecTecTBeHHbI OuTy™m selleniza,

OUTYMOEMKOCTh, TEMIIEpaTypa pa3MIrdeHusl, CleIIeHue, YepHbIi 111e0eHb, BI3KOCTb.

Beryn

ITim gac peKOoHCTPyKIlii aBTOMOOIIEHUX
aopir 3 ac(anbTOOCTOHHUM  TOKPHUTTIM
e(heKTUBHUM CIocooom PEMOHTY €
3aCTOCYBAaHHS TEXHOJIOTII TrapsSvoro pecakIiHry
crmocoboM '"Ha micii", OCKIIBKY LT TEXHOJIOTIS
€ HaWOUIBIII 3pyYHOI0 Ta EKOHOMIYHO BUT1IHOIO
1 J1ae HaAM 3MOTy MOBHICTIO 3MIHIOBATH CKJIaJ
Oy/b KX KOMITOHEHTIB B CyMIiIlIi.

AHaJi3 TeXHOJIO0Tii

B Vkpaini Ha manumii yac Ourbme 90% mopir
nmoOymoBaHi 3 acPajibTOOCTOHHUM TOKPUTTAM
K1 TAJa0ThCd 3HAUYHUM HABAaHTAXKEHHSAM IO
MoCTiHO 3poctae. KomTu Ha KamiTalbHHAN
PEMOHT Ta PEKOHCTPYKIII0O MPAKTUYHO HE
BUJUIAIOTECS, TOMY OibIIa YacTHHA MeEpPEexi
aBTOMOOUIbHHUX AOpPIr moTpedye peMoHTy abo
nepedy10BH.

ITopucti 1 gedopmoBani
MOXYTh OyTH BiJHOBJEHI
rapsyoro pecakiiHry - Tpolecy, SKHUH
BUKOPHUCTOBYETHCS ~ BUKIIOYHO B (hopmi
MOOUIBHOTO OyJiBETbHOrO MaijgaHuuka. TyT
BKpail BaXJIMBE 3HAUEHHS MAa€ HEYUIKOJKEHa
mapyBara CTpykrypa. [apsuuii pecalkiiHr
MOKpAIIlye€ BCl BaXJIMB1 BIACTUBOCTI MOBEPXHI 1
npodiIr0 JTOpPOTH, a TaKOXK CKIan (Qpaxiii B
MIOBEPXHEBOMY ILIapi.

miapyu  MOBEPXHI
32 JIOIIOMOTOIO

IToBepxHeBui map HarpiBaeThCs pile]
TeMIeparypu 150°C po3sirpiBauem 3
iHppayepBOHUMHU  Ta30BUMH  HarpiBaJbHUMHU

MaHeIsIMUA, TICIAS YOTr0 pPEMIKCEep PpO3MYIIyeE,
BUJAISIE 1 3HOBY VYKJIala€ pPO3M'SKIICHUN
achanpTobeTon.  lleii  metom  mo3BOIsIE
BiJIHOBUTH BJACTUBOCTI JOPOTH 1 CTIK BOJH, a
TakoX ycyHyTH BuOOiHU. [loTeHIiitHa eKoHOMIs
KOIITIB IOCTaTHHhO 3HAYHA.

ITmocom mi€i TexHomorii € mpocTora Yy
BH3HA4YeHH1 (HOPMYSIH HOBOI cymimni. €auHe 10
MOTPIOHO 3pOOUTH, 1€ B3STH KiIbKa KEPHIB IS
BHU3HAYEHHS KIJIBKOCTI 100aBKU.
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Introduction

The hot recycling technology "in situ” is
considered to be an efficient method of
rehabilitation, applied in the course of
reconstruction of asphalt-concrete pavement
highways; since this technology is the most
convenient and cost-effective, and it enables us
to completely change composition of any mix
component.

Analysis of the technology

At present more than 90% of Ukrainian roads
are asphalt-concrete pavement type roads,
which are subject to significant loads, which
constantly increase. There are hardly any funds
allocated for rehabilitation and reconstruction
of these roads, therefore a major part of the
highway  system  requires  repair  or
reconstruction.

Porous and deformed surface layer can be
rehabilitated by means of hot recycling — a
process which is applied exceptionally in a
form of a portable construction site. In this case
an undamaged layer structure is of a great
importance. The hot recycling improves all the
essential properties of road surface and cross-
section, as well as fraction composition in the
wearing course.

The wearing course is heated to 150 ° C by a
heater with infrared gas heating panels, after
which a remixer loosens, removes and repaves
the loosened asphalt-concrete. This method
enables to reinstate the road properties and
drainage, and rectify potholes. A potential
saving is quite essential.

The advantage of this technology is the
simplicity of a new mix formula determination.
The only thing that has to be done in this case
is collection of several cores for evaluation of
an additive quantity.
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MiHycH X y TOMy, IIO ISl TEXHOJOTiS IyxKe
CHeProEMHA, IO HETaTHBHO MO3HAYAETHCS HA
cobiBapTocTi po0iT, 1 uepe3 HarpiBaHHSA OITYM
me OuabIne crapie 1 BTpadae CBOi KOPHUCHI
BJIACTUBOCTI, aJl¢ I[bOIO0 MOYKHA YacCTKOBO
VHUKHYTH TigiOpaBIIM  TPaBWIBHUK  CKJIaj
CyMillli Cy4acHUX MartepialliB siKi 3amo0irarTh
CTapiHHIO MIOKPHTTSI.

Meta podotu
[IpoBeneHHss aHamily pEMOHTY TOKPHUTTA 3

3aCTOCYBaHHSIM TEXHOJIOT11 raps4oro
pECaKIIIHTY, Ta BU3HAYCHHS NUISIXY
YIOCKOHAJIEHHSI ~ TEXHOJIOTI 32  PaxyHOK

BBEJICHHS B CKJIAJ CyMIIlli JJOOABKH MPUPOIHOTO
oitymy Selenizza mpu nmpuUrOTYBaHHI YOPHOIO
meOeH0 SIK  Marepiainy Ui BiJHOBJICHHS
CyMiIIi.

3aBaaHHA
- TIPOBEJICHHS €KCIIEPUMEHTAIBHUX JOCIIKEHb
IPUTOTYBAHHS YOPHOTO IEOHIO 3 JOJAaBAHHSAM B
CKJIaJ] CyMillli IPUPOAHOTO OITYyMY;
- BHU3HAYEHHA OITYMOEMKOCTI Ta 34YeIUICHHS
oiTymy 3 MIHEpaJIbHUM marepiaiom,
BU3HAYECHHS TeMIEpaTypy pPO3M'SKIIEHHA Ta
B'SI3KOCTI B’ SDKYYOTO
- BHUKOHATH MiAlIp CKJIaay pereHepoBaHOIro
ac(anbTo0eTOHYy MOIU(DIKOBAHOTO MPUPOIHIM
oitymom Selenizza;
- BUKOHaTU  TEIUIOBI3iiHE  OOCTEXEHHS
MPUTOTYBAaHHS Ta PEMOHTY ITOKPUTTSI.

Onuc MeToaUKH BUIIPOOYBaHHS

Y  poboTi  pO3MISIHYTO  METOJ  rapsyoi
pereHepariii JOPOXHbBOIO MOKPUTTS CHOCOOOM
Ha MICIIl OCHOBHUMH II€peBaraMu siIKoro € MmoBHE
BUKOPUCTaHHS MaTepialiB CTaporo MOKPHUTTS,
KOPOTKMHM TEpMIH BHMKOHaHHS poOIT, 3aMiHa
CKiagy Oyab-iKMX KOMIIOHEHTIB Yy CKJaJIi
CyMimn MaTepialy Ta TMOBHE BIJIHOBIJICHHS, IIO
SKOCTI, BIacTUBOCTeH noporu. Cxema poOiT 1iei
TEXHOJIOTIT JIy’)Ke€ MPOCTa 1 BUKOHYETHCS 3a TPU
eranu: | eram - BUTOTOBISAETBCA CYMIII Ha
achanpToO€TOHHOMY 3aBoj, ska; Il eram —
CYMIIll TPaHCIOPTYETbCS HAa MiCLE YKIIaJaHHS
aBrocamockusom,; Il eram — momaya cymimi B
peMikcep SKMH 3Milllye, HarpiBa€, BUPIBHIOE Ta
YKJIaJa€ TOTPIOHY CYMIIIL.

Came w©Ha gpyromy erami 1 BigOyBaeThCs
HaWO1IbIIa KUIBKICT MPOOJIeM, OCKUIBKH TpH
NepeBe3eHHI Marepian BTpayae CBOi SKOCTI 3a

31

Its weakness is attributed to the fact that this
technology is power-consuming, which affects
the prime cost, and due to heating the bitumen
deteriorates even more and looses its useful
properties, however this can be partially
avoided by designing of a correct mix design
with modern materials preventing pavement
deterioration.

Purpose of the study

The purpose of this study — is the analysis of
pavement rehabilitation including application
of the hot recycling technology, and
identification of a way to improve the
technology by introducing a natural bitumen
additive Selenizza into the mix, in the course of
preparation of black crushed-stone, as a
material for rehabilitation of the mix.

Objectives
- undertake experimental studies in terms of
preparation of black crushed-stone, with
addition of natural bitumen into the mix;
- identify bitumen content and bitumen
adhesion to a mineral material, identify a
softening point and a binding agent viscosity;
- produce a mix design for regenerated asphalt-
concrete modified by the natural bitumen
Selenizza;
- undertake a thermovision inspection of
pavement preparation and repair process.

Description of the testing methodology
This study presents a method of hot
regeneration of road pavement “in situ”, the
main advantages of which are whole utilization
of the old pavement materials, short period of
works execution, revision of composition of
any components in the mix and a complete
reinstatement of road properties, in terms of
quality. The workflow under this technology is
very simple and it is implemented in three
stages: stage I — production of a mix on an
asphalt plant; stage II — transportation of the
mix to the paving area by a tipper truck; stage
IIT — feeding of the mix into a remixer, which
mixes, heats, regulates and paves the required
mix.

Particularly at the second stage occur most of
the problems, since in the course of
transportation the material looses its properties,
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paxyHOK TMPWIHIIAHHA JO CTIHOK Ky30Ba
aBTOCAMOCKHJy Ta CIIOB3aHHS B'SKY4Oro 3
KaMm'sHoro Mmarepiany. Lux mnpobiem MoxHa
YHUKHYTH BU3HAYHBIIH ONnTUMAalIbHE
BITHOIIIEHHS KOMIIOHEHTIB [LUIIXOM
MPUTOTYBaHHI  4opHOro mebH. OO0pobOka
meOHI0 OpraHiyHuM BSDKYYHUM 1O  Tapsdii
TEXHOJIOTIT BKJIIOYA€ CYIIKY 1 HarpiBaHHS
caMoro mieOHIO 1 B'SXKY4Oro, iX HO3yBaHHS 1
nepeMilTyBaHHs B 3MillTyBaydax.

JUisl TOCATHEHHs L€ YAOCKOHAJIEHHS CKIIay
Martepiay B 1a00paTOpHUX JOCIIPKEHHIX 0Yyi10
BUKOHAaHO KommayHayBaHHs Oitymy BH]J|
90/130 3 mpupoauim Oitymom Selenica SLN
120. Manuii pocmin MOYMHABCS 3 MiIOOpy
MPUPOJHBOTO KaMsSHOTO Marepiany (me0Hto)
¢pakmismu 5-10, 10-20 ta 20-40, Tak mo06 Bci
JacTKH Oy TpuONIM3HO KyOiwHOi opmu aiis
MaKCUMaJIbHOI ~ YIIaKOBKM 3epeH. Matepiai
MOMEPETHHO OYMINABCS Ta BHCYIIYBAaBCA JO
MOCTIHHOT Macu B CymIwibHiN madi. s uporo
mebinp OyB 3BaK€HHI JBOMa crioco0amu Ta y
nBox craHax. CroyaTKy 3Ba)KyBaBCsS y TaKOMY
CTaHi SKMM BiH OyB B3saTHH '3 ckiamy',
3BXYBAaHHS  IPOXOAMJIO Ha TMOBITPI Ta
TIAPaBIIYHUM  CIOCOOOM, IO  JIO3BOJISIE
OiABUIIUTH  TOYHICTh  po3paxyHKy. Ilotim
AQHAJIOTIYHO 111€01Hb 3Ba)KyBacsl y BUCYLIEHOMY
0 TIOCTIHHOI Macu cTaHi. Jlug TOYHOCTI
pPO3paxyHKIB ~ KOXXHE  3€pHO  MaTepiaiy
3BXYBaJIM OKPEMO, a TMOTIM CyMapHO IO
KOXkHIM  ¢pakuii. B  nomamsmomy  Oyno
MIPOBE/IEHO BU3HAUEHHS CEPEAHbOTO 3HAYECHHS
JlaMeTpy 4YacToK MIeOHI0 10  33aJaHOMY
3epHOBOMY CKJIany, i BEJIMYMHU
BUKOPUCTOBYBAJIMCH MPH OOYUCIIEHHI TOBIIWHU
TUTIBKH BSDKY4YOTO MaTepiaiy.

Jlani BUKOHYBajoch 3MimyBaHHa Oitymy BHJI
90/130 3 mpupomHiM OITYMOM Yy HIPOMOPLIAX
J0ZIaBaHHs IPUPOIHBOTO 0iTyMy criodatky 10%
motim 20, 30, 40 1 50 % 3Bepx mMacu BUXITHOTO
0iTyMy, Al BU3HAYaHHA .ONTUMAJIBHOTO BMICTY
T00aBKH. KomnayHnyBaHHS ~BHKOHYBAJIOCH
nuisixom posruiasienns 6irymy BHJI 90/130 no
OJTHOPIAHOT MacH 3 ToJaBaHHAM OiTymy Selenica
SLN 120, y Burnsai nopouky ¢p. — 4 mm, 10
iXHBOTO IIOBHOT'O pO3TaBaHH: npu
nepiofuyHoMy nepeminryBanui. [licns yoro
cymim OIiTyMiB 3aluMBajlacb y €MKICTh Ta
BUTPUMYBajlach y CYIWIbHIH 1madi mpu
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for it sticks to the tipper truck body, and the
binding agent runs off the stone material. These
problems can be avoided by means of
identification of an optimal proportion of the
components by preparation of black crushed-
stone. Treatment of aggregate with an organic
binding agent, as part of the hot technology,
includes drying and heating of the aggregate
itself and the binding agent, batching and
mixing.

For achieving the goals of improvement of the
material composition, compounding of bitumen
BND 90/130 with the natural bitumen Selenica
SLN 120 was undertaken in the course of
laboratory trials. This trial started with
selection of natural stone material (crushed-
stone) of fractions 5-10, 10-20 and 20-40,
ensuring approximate cubic shape of all the
particles, for the purpose of maximal
compaction of grains. The material was cleaned
and dried to a stationary mass in a drying box.
For this purpose the aggregate was weighed in
two ways and in two conditions. First it was
weighed in a condition as taken from the “stock
pile”, weighing was undertaken in the open air
and by a hydraulic method, which enables to
enhance accuracy of calculations. After that the
aggregate was weighed in a dried to the
stationary mass condition. For the purpose of
accuracy of calculations every grain was
weighed separately, and after that it was
weighed by fractions. Later on an average
diameter of crushed stone particles was
identified on the established granulometric
composition; these figures were used while
calculating the binding agent film thickness.

Upon that we undertook mixing of the bitumen
BND 90/130 and the natural bitumen, at first
proportioning the natural bitumen at 10%, and
after that at 20, 30, 40 and 50 % over the mass
of the original bitumen, for the purpose of
identification of an optimal additive content.
The compounding was undertaken by means of
melting the bitumen BND 90/130 to a
homogeneous mass, with addition of the
bitumen Selenica SLN 120, in a form of
powder fr. — 4 mm, to their complete fusion,
with periodic stirring. After this the bituminous
mix was poured into a container and kept in a
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temneparypi 120 °C no Tux mip MOKM BOHa He
CTaja TOBHICTIO OJHOPITHOK, KOJIM HE BHUIHO
KPYIMUHOK HPUPOAHBOTO OiTyMy. Y 3aJeXHOCTI
BiJI KUJIBKOCTI JOOABKHU 4ac SKUH MOTPIOHMI Ha
MOBHE pO3CTaBaHHS OiTymMy OyB pi3HHM, TOII
koiu mpu BMicTi 10% mo0aBku cymill cTaBalia
onHopigHOO 32 30-40 xB., TO pu BMicTi 50% Ha
e 0yso moTpioHO 4 TO/I.

OTpumaBu OJTHOP1AHI Macu yKe
Mou(iKOBaHOTO OiTyMy BH3HAYaJlId HOrO
BS3KICTH Ta  TEMIIEPATypy  PO3MSKIICHHS.
YMoBHa B’s3KicTh OiTyMy BH3Hayalach Ha
neHeTpomeTpi mpu Ttemmeparypi 25 °C, a
TeMIIepaTypa PO3MATIICHHS 32 METOJOM KiJIbIle
1 kyna 3rigHo JICTY b B.2.7-81-98. Pe3ynbratu
BUTIPOOyBaHs HaBeneHI B Tabn. 1, 3aiexHicTh
NPOHUKHEHHS ~ TOJIKM  TICHETpOMeTpa  Ta
TEMIIEPATypU PO3M'SKIICHHS B 3QJICKHOCTI BiJI
BMicTy 100aBku Ha puc.l - 2.

Jlami  BU3HAUYE€HHA  OITYMOEMKOCTI  PI3HHX
¢bpakiii mebeHt0, BUKOHAIN HyMEpPYBaHHS BCiX
3pa3KiB II€0IHOK, IMMONEPEIHBO ITIBIIICHUX Ha
MiTHI JAPOTHKH (OJHAKOBOI JOBXKWHHU 1 MacH),
IUIL 3pY4YHOCT]1 3aHyprOBaHHs iX B OITyM [0
noBHOro oOBoJiikaHHA. [loTiM yxe Bcl roToBi
3pa3ku 3aHyproBajuch B OiTyM , mo 10 3pa3kiB
KOKHOT (pakiii 1mebiHOK B  pO3IJIaBIEHUN
MoaudikoBaHU OiTyM BIAMOBIAHO 3 PI3HUM
BiZicOTKOM n00aBku. [licnms 3aHypeHHs BCiX
3pa3kiB  BOHM MiABINIYBAIHCH JI0 TIOBHOTO
CTIKaHHS HaAJIUIIKy OITyMy Ta IOBHOTO
BucuxanHs.  Ilicng  4oro  mpoBOAMIIOCH
3BaXyBaHHS 3pa3kiB 3 OITyMOM, TUM CamMuM
METOJIOM Y BO/JIl Ta 3BUYAHHUM 3Ba)KyBaHHSM, Ta
PO3paXyHKOBHM METOJIOM BCTAaHOBJICHO sIKa
KUTBKICTh OITyMy B 3aJIe)KHOCTI BiJ (pakiii
meOIHOK 1 BMICTY A00aBKH 3aJHMIIAE€THCS Ha
3pasKy. KinneBum BunpoOyBaHHSAM  Oyio
BU3HAYCHHS 3YCTUICHHS B'SDKYYOTO 3
MiHEpaJIbHOK YaCTUHOI YOpHOro mieOHro. s
BOTO KOXHE 3€pPHO OMYCKAEThCA B XIMIYHUMN
CTaKkaH, SKUM HamOBHEHHH JMCTHIIbOBAHOIO
BOJOI0O 1 BCTAHOBJIIEHUH Ha €JIEKTPOILIUTY,
JIOBOJASAYM BOAY 1O KHUMIHHA (ajJe He [0
OypHOTO0), Tak 100 3pa3ku HE TOPKHYJIUCH Hi
JTHA Hi CTIHOK CTakaHa i BUTPUMYEMO B CTafii
kumiHHsA 5 xB. [licns mporo gictaemo 3pa3ok Ta
3aHYPIOEMO Y XOJIOZHY BoAy 1 - 2 XB. mJis TOrO,
o0 3aKkpinmuiach IUIiBKa OITyMy 1 MPOBOJAMMO
Bi3yaJIbHY OIIIHKY.
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drying box at the temperature 120 °C, until it
became completely homogeneous, and no
crumbs of the natural bitumen could be
observed. Depending on the quantity of the
additive the time required for complete fusion
of the bitumen varied, in the case of 10%
additive content the mix became homogeneous
in 30-40 minutes, and in the case of 50%
additive content, it took 4 hours.

Having received homogeneous mass of
modified bitumen, we identified its viscosity
and softening point. The funnel viscosity of the
bitumen was identified by means of a
consistency gauge at the temperature 25 °C,
and the softening point was identified by means
of a ring-and-ball method in accordance with
DSTU B V.2.7-81-98. The results of the trial
are shown in table 1, the correlation between
the consistency gauge penetration and the
softening point, depending on the additive
content, is shown on pictures 1 - 2.

Upon that was identified bitumen content for
various fractions of aggregate, we numbered all
the samples of aggregate, pre-hanged them on
copper wires (of similar length and weight), for
the purpose of convenient dipping into the
bitumen until complete coating. After that all
the prepared samples were dipped into the
bitumen, 10 samples of each fraction were
dipped into the melted modified bitumen, with
various proportions of the additive. After
dipping all the samples were hanged until all
the excessive bitumen ran off and the samples
dried up. Upon that the samples with bitumen
were weighed, by means of the same method in
water and ordinary weighing, and by means of
a computational method we identified the
quantity of bitumen remaining on each sample,
depending on a fraction of the aggregate and on
the content of the additive. The final testing
was identification of the binding agent
adhesion to the mineral part of the black
crushed-stone. For this purpose every grain was
dipped into a cylindrical vessel, which was
filled up with distilled water and put on an
electric hot plate, the water was brought to the
boil (however not vigorous boil), so that the
samples did not touch the bottom or the sides
of the vessel, and was kept boiling for 5
minutes. Upon that the samples were taken out
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Y mpomeci npurotryBaHHsi ac¢anbToOeTOHHOT
CYMIIlll Y1 YOPHOTO IMEeOCHIO KOXHE MIHEpaIbHE
3epHO 1IeOEHI0, MICKY, MIHEPAIbHOTO MOPOIIKY
MMOBUHHO OYyTH MOKPUTO OITyMHOI mutiBKoro. [Ipu
HEMIOBHOMY  IMOKPUTTI YacTUHOK  OITYMHOI
IUTIBKOIO acasbTOOETOH YW YOPHUM IICOBIHB
pyHHYeTbCSI ~ TpuU  poOOTI Yy  BOJOTOMY
CEpENIOBHILI, B PE3yJIbTaTi MPOHUKHEHHS BOIU
Yyepe3 BIIKPUTI MICII Ha 3epHax MmiJ OiTyMHY
IUTIBKY 1 BUTICHEHHS ii 3 TOBepXHI. Y Xoi
nocaigy Oyno BHSIBICHO IO IIEOIHKM MEHIIIHX
(dpakiiii MMOKPUBAIOTHCA OITYMHOI IIJTIIBKOIO
MIBUIIIE HIK BEJIHKI, aj€ TOBINMHA ILIIBKH
MEHIIIA.

indip ckaagy 4opHOro medHI0

B'soxkyunm Matepianom B ckiami cymimi OyB
npuitastuii 6itym BHJL 90/130 monudikoBanuit
npupoaHo no6aBkoro  Selenizza SLN-120.
Bmict pgo6aBku  Ha 100% Gitymy OyB
MPUNUHATAN TaKUM YMHOM: TEPIIMHA 3pa3ok 0e3
no0aBku; Ipyruii 3pa3ok - 10% BMicTy 106aBKu;
TpeTii 3pazok - 20%; yerBepTuii 3pazok - 30%;
m'satuit 3pa3ok - 40%; moctuit 3pazok -50%
BMICTy no0OaBku. B sikocTi 3amoBHIOBada OyB
nigiopanuit  mebinp ¢pakmismu: 5-10; 10-20;
20-40 MM y CIiBBiIHOIIEHHI IJIsI OTPHMAaHHS
CYMIIIIi MaKCUMAJbHOI HIITBHOCTI.

Pe3ysabTaTn BUnpoOyBaHb Ta ix aHa i3
PesynpTat BHUIIpOOYBaHb 10 BU3HAYEHHIO
TEeMIepaTypu pO3M'SKIIEHHS Ta  yMOBHOI
B'sI3KOCTI OiTyMy HaBezleHi B Ta0. 1.

Tabmuus 1 — Pesynpratu  BUNpoOYBaHb
B'I3KOCTI Ta TEMIEPATYpPU PO3M'SIKIIICHHS
Bwicr 1-it 2-it 3-it Cepenne Temmepa
JI00aBKH YKOI | yKONI | yKOJI 3HAYEHHS Typu
SLN-120, 100 >100 PO3M'sIK-
3BEpX % % LIEHHS
100%
OiTymy
% MM IIMM MM °C
0 106 | 92 | 91 | 963 | 93 49,5
10 76 | 59 | 60 | 650 | 65 54,25
20 53 | 52 | 49 | 513 | 513 | 57,75
30 38 | 43 [ 42 | 410 | 41 60,5
40 32 | 31 [ 34 | 323 [ 32 63
50 33 | 30 [ 33 [320] 32 65,5

Ha pucynky 1 ta pucynky 2 rpadiyHo nokasaHo
K 3MIHIOETbCS B'A3KICTH Ta TeMIepaTypa
pO3M'AKIICHHST OITyMy B  3aJ€XKHOCTI  Bij
BiJICOTKA BMICTY JTOOQBKH.
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and dipped into cold water for 1 - 2 minutes to
ensure curing of the bituminous film and carry
out a visual assessment.
In the process of preparation of an asphalt-
concrete mix or black crushed-stone every
mineral grain of crushed stone, sand, mineral
filler should be coated with bituminous film. In
case the particles are not entirely covered with
bituminous film, the asphalt-concrete or the
black crushed-stone will deteriorate while
performing in humid environment, as the result
of penetration of water under the bituminous
film through the gaps on the grains, and its
displacement from the surface. In the course of
the trial it was discovered that smaller fractions
of crushed stone get coated with the bituminous
film faster than bigger fractions, however the
film is not as thick.

Black crushed-stone mix design
The binding agent in the mix was represented
by bitumen BND 90/130 modified by the
natural additive Selenizza SLN-120. Content of
the additive for 100% of bitumen was
established as follows: the first sample — no
additive; the second sample - 10% additive
content; the third sample - 20%; the fourth
sample - 30%; the firth sample - 40%; the sixth
sample - 50% additive content. The aggregate
was represented by crushed stone of the
following fractions: 5-10; 10-20; 20-40 mm in
the ratio appropriate for receiving a maximum
density mix.

Test results and their analysis
The results of the testing for identification of
softening point and funnel viscosity of bitumen
are shown in table 1.

Table 1 - Results of viscosity and softening
point testing

Content of 1 2" 39 [ Average Softeni
additive injec | injec | injec ng
SLN-120, tion tion tion point,
over 100% RAB

- 100 | >100

of bitumen % %

% dmm dmm | dmm °C
0 106 92 91 96,3 | 96,3 49,5
10 76 59 60 65,0 65 54,25
20 53 52 49 51,3 51,3 57,75
30 38 43 42 41,0 41 60,5
40 32 31 34 32,3 32 63
50 33 30 33 32, 32 65,5

Figure 1 and 2 show the change of bitumen
viscosity and softening point depending on the
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Pucynoxk 2 — TIpadix 3amexxHOCTI Temmeparypu
PO3M'SIKIIEHHST BiJl BiZICOTKY BMIcCTy mobaBku Selenizza-
SLN 120 3Bepx 100% 6itymy

Ha oOCHOBI OTpUMaHUX EKCIEPUMEHTAIbHHIX
naHux (puc. 3 — 4) BCTaHOBJCHAa MaTeMaTHYHA
MOJIENIb  3AJIEKHOCTI  OITYMOEMKOCTI  pi3HUX
bpakuiit  mebeHro Big  BMICTy  J100aBKH
npupoaHoro Oitymy Selenizza SLN-120 (B
JOJISIX OJIMHUIII) Ta IUIOIII MTOBEPXHI YaCTOK JIJIst
BOJIOTOT'0 KaM’STHOTO MaTepiaiy.

MaremaTnyHa MO/IEITb 3aJIeKHOCTI
OITYMOEMKOCTI pi3HUX (pakuiii medeHo Bif
BMICTy 7100aBKH TNpHpoaHOTo OiTymy Selenizza
SLN-120 (B monsix ouHUIN) Ta MO MOBEPXHI
YacTOK Uil MPOMHUTOTO KaM STHOTO Marepiaiy
Ma€ BUTJIA:

m, = Aa(Sy) +Bo(Sy) - Fy, 1)

A«(S,) =-0,303617+0,389854-S, +
where, ,
+9,556462-S,°,

R® =0,9957, ()
Bo(S,) =0,004179+0,002562- S,
R? =0.7578, (3)
ne D — miamerp yactok, mwm;
r-D? .
Fa, = — IJI01IA MMOBEPXHI YaCTOK, MM; Sy

4
— BMICT J00OaBKHU
Selenizza SLN-120, % 3Bepx 100% 0itTymy 3a
Sa-0,01
1+ i

100
SLN-120, B Mekax OQUHUII, B JOJISIX.

Macoro; Sd =

35

percentage of the additive content.

200

0 10 20 30 40 50
Additive content, % over 100% of bitumen

Penetration,
1125, dmm

Figure 1 — Dependence Diagram showing correlation
between needle penetration depth and Selenizza-SLN
120 additive content percentage over 100% of bitumen

90L__l__4__—+——+—_+
O 40 ¥ ! } } } |

0 10 20 30 40 50
Additive content, % over 100% of bitumen

Softening
point, Tkik,

Figure 2 — Dependence Diagram showing correlation
between softening point and Selenizza-SLN 120 additive
content percentage over 100% of bitumen

Based on the received experimental data (Fig. 3
— 4) we established a mathematical model
representing correlation between bitumen
content in various fractions of aggregate and
content of the natural bitumen Selenizza SLN-
120 additive (as a decimal fraction), and the
area of particle surface for wet aggregate.

The  mathematical model  representing
correlation between bitumen content in various
fractions of aggregate and content of the
natural bitumen Selenizza SLN-120 additive
(as a decimal fraction), and the area of particle
surface for washed aggregate, is as follows:

m, = Aa(S,)+Bu(S,)-F, » (1)

A«(S4) =-0,303617+0,389854-S, +
where, )
+9,556462- S,

R* =0,9957, )
Bu(S,) =0,004179+0,002562- S, ,
R? =0.7578 (3)
here D — particle diameter, mm
2
Fo = 7 b” particle surface area, mm;

Sq — content of the additive Selenizza SLN-120,
% over 100% of bitumen by weight;

Sq-0,01

Sa = — s,

1+

100

Selenizza SLN-120, as a decimal fraction.

— recalculation of content of
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Pucynoxk 3 — Pe3ynmbTaTé BCTAaHOBICHHS 3aJIC)KHOCTI

BMICTy OITyMy Bill BMICTY HOOaBKH ( B TOJISX OJHWHUIII) Ta
CEPeHbOTO JiaMETPy TMOBEPXHI YAacTOK i1 CYXOro
KaM’sTHOrO Matepiainy

[Ticnst miCTaHOBKH Ta CIIPOIIEHHS OTPHUMYETHCS
3aJEKHICTH  JUIA  PO3PAaxXyHKY  JIOJTATKOBO
yTpUMaHoi Macu OITyMy

m, =0,225+(-0,303617+0,389854-S, +
+9,556462- Sd22 )+(0,004179+0,002562-S,) - F,

abo y BY3BKHX MeEXax 3MIHH BMICTY J100aBKHU
(Big 5 mo 20%) Moens MOKHA CIIPOCTUTH

m, =0,004179-F, +4,61658-S, +

, 5
+0,002562- F,, .S, —0,92765 ©)
4,00
’ ®
3,50 /
3,00 /////)’
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€ 200 / 2// Y
DR /.
050 " —— &~
0,00 4
5,0 10,0 15,0 20,0 25,0
Hiamertp yacTok, Dcp, Mmm
+00 m10 A20
Pucynoxk 4 — Pe3ynbTaTH BCTaHOBIEHHS 3alIe)KHOCTI

BMICTy OiTyMy BiJ BMIiCTYy H00aBKH ( B TOJISX OAWHUII) Ta
CepelHbOT0 JiaMeTpy MOBEpXHI YacTOK Ui Kam STHOTO
Marepiaiy Iicisi Horo IPOMHUBAHHS Ta BUCYIyBaHHS

MaremMaTiuHa MOJENL  3a1€KHOCTI

BMICTY

JOJJATKOBOTO OITYyMy BiJ BMICTy a00aBKU (B

JOJIIX OJIMHUIII) Ta TJIOIII MTOBEPXHI YaCTOK JIJIst
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Figure 3 — Results of establishment of correlation
between bitumen content and the additive content (as a
decimal fraction) and an average diameter of particle
surface for dry aggregate

After plugging in and simplification we receive
a correlation for calculation of additionally
retained mass of bitumen

m, = 0,225+ (~0,303617+0,389854- S, +
+9,556462-S2") +(0,004179+0,002562- S, ) - F,,

or, within narrow limits of the additive content
variation (from 5 to 20%), the model can be
simplified

m, =0,004179. F, +4,61658-S, + )
+0,002562- F,, - S, —0,92765 ’

4,00
®

3,50 /

§2:50 / //)
Ez,oo / // / Y
=
e

080 e

Diameter of particle, Dep, mm
+00 @10 A20

Figure 4 — Results of establishment of correlation
between bitumen content and the additive content (as a
decimal fraction) and an average diameter of particle
surface for washed and dried aggregate

The  mathematical ~model  representing
correlation between additional bitumen and the

additive content (as a decimal fraction), and the
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CYXOTo KaM’sIHOTO MaTepiainy Ma€ BUIJISL

m, = (0,001866- e17,984091. S4 "

+(0,002185+0,016899-S,) - F,,
R? =0,933, (6)

PesynmpTat po3paxyHKIB 3a MaTE€MaTUYHOIO
MOJICIITIO 3aJICKHOCT1 BMICTY OITYMY BiJ BMICTY
n00aBKH (B IOJISX OJUHMIII) Ta IUIOLI MOBEPXHI
YaCTOK HaBEACHI Ha pUC. 5. s a) cyxoro Ta 0)
IPOMHUTOTO KaM’sIHOTO Martepiaiy (B Jiama3oHi
Bix 7 1o 50% mobGaBkw).

[lepeBiBmM MOy B JiaMeTp OTPUMYIOTHCS
MaTeMaTHYHI MOJIENII 3aJIe)KHOCTI Macu OiTymy
BiJl laMeTPy YacTOK.

- U1 CyXOI'o KaM’siHOTro MaTepiaiy
m, =0,225+(-0,03617+0,389854-S, +

+9,556462- Sdz) +(0,004179+ 0,002562- S, ) x
7-D?
4 1

X

()
JUTSI IPOMUTOTO KaM STHOT'O MaTepiany:
m, = 0,38985-S, +0,003282-D* +

+9,5565-S,° +0,002012- D* - S, —0,07862

[TopiBHSHHS 3 €KCIIEPUMEHTAIbHUMU JaHUMU
BKa3ye Ha XOPOIIY BiAMOBIIHICTh 03paXyHKOBHX
1 (axkTHyHMX 3HAa4YeHb BMICTY OITyMy Ha
MOBEPXHI KaM’SIHOTO MaTtepiaiy.

MaremaTruHa MOJIENTb PO3PAXYHKOBOI TOBIIHHU
IUTIBKM MOJU(IKOBAHOTO OITYMY OTPUMYETHCS Y
BUTJISLIL

m
hy =——2—, (8)
7-D
Ps - 4
7€ 3aJEeXKHICTh HIUIBHOCTI MOAN(}IKOBAHOTO
oiTymy Bim BMmicTy nobaku Selenizza SLN-120

BU3HAYAECTHCA 3a IIPABUIIOM Cy'MiIJ_ICﬁ
~
ps = pb ' ‘_Vd /+ pd 'Vd ' (9)

o P =103
pq =116

— IIUTBHICTH BUX1HOTO OITYyMY, r/M3;

— IIUTBHICTH PHUPOTHOTO OITYMY, e,
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area ofparticle surface for dry aggregate is as
follows:

m, = (0,001866-¢ “)+
+(0,002185+0,016899- S ) - F,,
R? =0,933, (6)

17,984091- S

The results of calculations conducted under the
mathematical model representing correlation
between bitumen content and the additive
content (as a decimal fraction), and the area of
particle surface, are shown on Fig. 5. for a)
washed and dry b) aggregate (within the range
of 7 - 50% of the additive).

Having converted area into diameter we
deduced mathematical models representing
correlation  between bitumen mass and

particles’ diameter
m, =0,225+(-0,03617+0,389854-S, +

+9,556462- Sdz) +(0,004179+ 0,002562- S ) x
D2
4

X

()
For washed aggregate
m, = 0,38985-S, +0,003282-D?* +

+9,5565-S,” +0,002012- D* - S, —0,07862
Comparison with the experimental data
indicates a close agreement of estimated and
actual figures representing bitumen content on
aggregate surface.

The mathematical model of the estimated
modified bitumen film thickness is deduced as
follows

m
b ©
Ps -

4

where correlation between density of modified
bitumen and content of Selenizza SLN-120
additive is identified by means of the mixture
rule

Ps = py - €=V, :+ PaVy )
where p, =1,03— density of the original bitumen,
g/m®,

P4 =116— density of the natural bitumen, g/m’.
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Pucynox 5 — Mogenp 3aiexHOCTI BMICTy OiTyMy Bif
BMICTy J00aBKM (B JIOJISIX OAMHMII) Ta IUIONI MOBEPXHI
YacTOK JUIsi a) CyXOoro; Ta 0) MPOMHUTOrO Ta Kam’sSHOTO
Marepiany (B giamazoni Bix 7 10 50% mo6aBku)

Pe3ynpTaTy BU3HAYCHHS 3UEIUIEHHS B'SDKYUOTO 3
MIHEpPaJIbHOIO YaCTKOIO OI[IHIOIOTHCS Bi3yalIbHO.
B xoni exkcrnepuMeHTy OyJ0 BCTAHOBIEHO, IO
IUTIBKa MpakTU4HO Ha 95 % 30epiraerbes, a
JIMILE HE3HAYHO BiAIUIMIACH HA TOCTPUX KyTax
3pa3ka skuii OyB 3aHypeHudH B OiTym
Mo (iKOBaHUNA NPUPOIHOIO 106aBKOIO Ha 30%
ta Qpakmiero 10-20. Haiimenme 30eperiach
wiiBka npu Moaudikauii 1o 10% mno6aBku B
yCiX 3pa3Kax.
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Figure 5 — The model representing correlation between
bitumen content and the additive content (as a decimal
fraction), and the area of particle surface for a) washed
and dry b) aggregate (within the range of 7 - 50% of the
additive)

The results of identification of adhesion
between the binding agent and the mineral part
are assessed visually. In the course of the
experiment it was discovered that the film was
virtually 95 % preserved, and only
insignificantly came off on sharp points of a
sample which was dipped into the bitumen
modified by the natural additive at 30%,
fraction 10-20. The worst preservation of the
film occurred in the case of modification at
10% additive proportion, for all the samples.
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Pucynok 6 — KpamparmdHa Monenp 3aJIe)KHOCTI MacH
YTpPOMMAaHOTO OIiTyMy BiJl BMICTY I00aBKH (B IOJSX
OJIMHWIII) Ta JiaMeTpPy YacTOK UL a) CYXOTOo Kam SHOTO
Matepiany; 0) mpomuroro (B miamasoni 0, 10, 20, 30, 40
Ta 50% mobaBku Ha rpadikax 3HHU3Y — 10 BEPXY)

BnposBagxeHHst

Pesynpratu pocnipkeHb Oynu  BIPOBAPKEHHI
MIpU IPUTOTYBaHHI ac(haabTOOETOHHUX CyMillIei
Ha OCHOBI YOPHOT'O IIEOHIO 1751 OyAIBHHUIITBA Ta
IpU  PEMOHTI HEXKOPCTKMX  IMOKPHUTTIB 3
BUKOPDUCTaHHAM  MeTOAy  pecaiikmiary. B
nporeci BUKOHAHHS poOit BUKOHAHO
TEIUIOBI3IHHUI ~ KOHTPOJIb  TeMIIEepaTypHUX
pPeXKHUMIB  IPUTOTYBaHHS  ac(aibTOOETOHHUX
cyMilllell Ta BIAIITYBaHHS ac(albTOOETOHHOTO
nokputts. Pesynbrat KoHTpomo Ha AB3, mpu
TPaHCTIOPTYBaHHI CyMillli Ta B MPOIIECi BUKOHAHHS
po0iT HaBeaeHO HIbKYe Ha puc. 7 - 10.
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Figure 6 — The quadratic model representing correlation
between mass of the retained bitumen and the additive
content (as a decimal fraction), and particles’ diameter
for a) washed and b) dry aggregate (within the range of
0, 10, 20, 30, 40 Tand 50% of the additive, on the graph
from the bottom upwards)

Implementation

The results of the studies were introduced in
the course of preparation of asphalt-concrete
mixes, based on black crushed-stone, for
construction purposes and for repair of flexible
pavements, using recycling method. In the
process of the works we undertook a
thermovision control of temperature range of
asphalt-concrete mixes  preparation and
construction of asphalt-concrete pavement. The
results of the control on asphalt plant, during
transportation of the mix and in the process of
the works are shown on Fig. 7 — 10 below.
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1. Asphalt plant

1. AcdanpToOeTOHHMI 3aBOX

thea 15 L P 1 1940 13%.] Pron 1518 15 L]
[psima P1 - Temmepatypauii mpodinb OCTUTaHHS CyMmimIi B
IpoIieci 3aBaHTAKEHHS CYMIIIi B Ky30B aBTOCAaMOCKHIA B
nekinpka npuiioMiB. Minimym: 1084 °C; Makcumym:
170,1 °C; Cepenue 3nauenns 146,5 °C

Pucynox 7 — 3miHa Temmeparypu achanbToO0eTOHHOT
cyMillli B Ky30Bi aBTOcaMOCKHJa Ha ac(haibTOOETOHHOMY
3aBOJI

B ymoBax BupoOHHITBAa acdarbTOOCTOHHOI
CyMillll Ta BJIALITYBaHHS acQalbTOOETOHHOIO
MOKPUTTSI ISl JIOCSATHEHHS SKOCTI TOKPHUTTS
BaXJIUBO BUTPHUMYBATU periiaMeHTOoBaHi1
TeMIeparypHi pexxumu a came 170 £5 °C.

2. Temmeparypa cymimn B pecaiikiepi micns ii
TPAHCHOPTYBAHHS 110 Miclsl OymiBHHIITBA Ta
BBEJICHHS] YOPHOTO MIE0EHIO

g
rl'lul q o | 1 Wrd 1ILS 154 1%

Minimym: 86,9 °C; Makcumym: 127,9 °C; Cepenne

3gavenss 115,3 °C.
Pucynoxk 8 — Temmeparypa cymimi B 3MimryBadi

pecaiikiiepa BBeJICHHS YOPHOTO HIEOHIO.

3. Temneparypa cymiiiii Ha BUXO/I1 3 pecaiikiepa

40

Right line P1 — temperature profile of the mix cooling
down in the process of its loading into a tipper truck
body in stages. Minimum: 108,4 °C; Maximum: 170,1
°C; Average value 146,5 °C

Figure 7 — Variation of the asphalt-concrete mix
temperature in the tipper tuck’s body on the territory of
the asphalt plant

In the conditions of production of asphalt-
concrete mix and construction of asphalt-
concrete pavement, for the sake of pavement
quality, it is critical to keep to the regulatory
temperature range, namely 170 +5 °C.

2. Temperature of the mix in the recycler, after
its transportation to the construction area and
introduction of black crushed-stone

Minimum: 86,9 °C; Maximum: 127,9 °C; Average value
1153 °C.

Figure 8 — Temperature of the mix in the recycler’s
mixer, introduction of black crushed-stone.

3. Temperature of the mix as it leaves the
recycler
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Minimym: 62,4 °C; Makcumym: 117,3 °C; Cepenne
3HaueHHs 92,5 °C.

IMpsma P1 — posnoxin Ttemmneparypu Ha BHXOAI 3
pecaiikiepa .

Pucynox 9 — Temrieparypa BiJHOBJICHOTO MOKPHUTTS MICIIS
pecaiikiepa

4. TemnepaTypa BiTHOBJICHOTO TOKPHUTTS MIiCIS
pecaiikiepa

A5 R

Minimym: 52,2 °C; Makcumym: 119,4 °C; Cepenne
3HaueHHs 94,8 °C.

Jlinig P1 - TemmepatypHHi IpOQie OCTHTAHHS CYMIII B
MIPOIIEC YKOTYBaHHSI.

Pucynok 10 — YKko4yBaHHS BiJHOBJIECHOI CyMIlIi JJAHKOIO
KOTKIB

3arajibHi BUCHOBKH

Ockinbku  Maibke Bci  goporn  YKpaiHu
moOynoBaHi 3 acasbTOOETOHHUM TOKPUTTSIM,
TO TEXHOJIOTiS Tapsiuoro pecakiiHry, Mae
BEIMKY  IIEpPCNEKTUBY  3aCTOCYBaHHS.  Ii
YIOCKOHAJIEHHS € aKTyaJbHUM Ta BaXKIMBUM
MTUTAHHSIM.

Jlane pocnmipkeHHs OyJo HampaBjeHe came Ha
BU3HAUEHHS ONTHUMAJIbHOTO CKJaay CyMIIIi
YOPHOTO IIEOHIO, M0 3HAYHOIO MIpOI0 MOXeE
BIUTUHYTH Ha €KOHOMIYHY  BUTIIHICTh
3aCTOCYBAaHHS JAaHOI TEXHOJIOTIi , OCKIJIBKU Ja€
MOHATTSA TIPO TE€ SIK 3MIHIOIOTHCS TEXHIUHI
XapaKTepUCTHKH  BUXITHOIO  Marepialy B
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Minimum: 62,4 °C; Maximum: 117,3 °C; Average value
92,5 °C.
Right line P1 — temperature distribution on exit from the
recycler.

Figure 9 — Temperature of the regenerated pavement
behind the recycler

4. The temperature recovery after covering
recyclers

-I | ——

.1 Y] 57 T 1A

.

\

Minimum: 52,2 °C; Maximum: 119,4 °C; Average value
94,8 °C.

Right line P1 — temperature profile of the mix cooling
down in the process of compaction.

Figure 10 — Compaction of the regenerated mix by
means of a row of compactors

General conclusions
Since almost all Ukrainian roads are constituted
of asphalt-concrete pavement, the technology
of hot recycling has a wide range of
possibilities for application. Its improvement is
a topical and an important matter.

This study was designed particularly to identify
an optimal composition of the black crushed-
stone mix, which can assert a significant
influence on the economic benefit from
application of this technology, since it suggests
how the technical characteristics of the original
material vary depending on the content of the
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3aJIeKHOCTI B BIZACOTKY BMICTY 100aBOK
MIPUPOTHOTO OiTyMmy Ta  (QpakmiiHOCTI
3aIoBHIOBAYA.

1. JocmimkenHs OiTyMy Moau(piKOBAHOTO
npupoaHo  no6aBkoro  Selenizza SLN-120
MOKAa3yIOTh W0 TMEHEeTpallis 3MEHIIYEThCS 3a
norapuMIiYHUM 3aKOHOM 1 € MOXIIHUBICTh
OTpUMYBaTH OITyMH OLIBII B'SI3KUX MapoK,
HaNpUKIaL sl oTpuMaHHsa 6itymy mapku BHJ|
60/90 Bmict mobaBku craHoOBUTH A0 10%. Jlus
orpumanHs Oitymy mapku BHJ140/60 motpioHO
Bix 10 mo 23% Bmicty mobasku Selenizza SLN-
120. Temmeparypa po3M'SKIICHHS OiTyMy
MOAU(BIKOBAaHOTO MIPUPOTHOIO 100aBKOKO
Selenizza SLN-120 30inburyerbesi 3a JIHIMHUM
3aKOHOM B 3aJIe)KHOCTI BiJ BIJCOTKY BMICTY
N00aBKH, Ta € MOXKJIIMBICTb OTPUMYBATH OITyMHU
OUIBII CTIHKUX IO TEMIEPATypHUX [OKA3HUKIB.
BepxHst Mexa NMpu MaKCUMAIBHOMY BIJICOTKY
BMicTy 100aBku (50%) nocsrna 3HaueHHs 66°C.
2. OrpuMaHO eKCIIePUMCHTAJIbHI JaHi Ta
MaTeMaTH4YHI —3aJIe)KHOCTI JUISI  PO3PaAXyHKY
yTpUMaHOi Macu OiTyMy Ha IOBEpPXHI YacTOK
meOeHI0 B 3aJIeKHOCTI Bil BMICTY J00aBKHU
npUpogHOro OiTyMy Ta Iwiomi abo aiamerpy
YacTOK JUIsl CYyXOro Ta MPOMHTOTO Kam’ SHOTO
MaTepiaiy pi3HoOro aiamerpy (Big 5 a0 25 mm).
Ili 3amexHOCTI JO3BOJSIOTH  PO3paxyBaTH
TOBIIMHU OITYMHOI IJTIBKM Ta PO3XiJ B’ SKY4OIrO
1 100aBKH JJis 3aJJaHUX YMOB Oy/1IBHUIITBA.

3. ¥V mpoueci npurotyBaHHs ac(aabTOOETOHHOT
CYMIIIIl KOYKHE MIHEpaJIbHE 3€pHO 1Ie0eHI0 0yio
nokpute OITYMHOIO IUTiBKOK. B Xxoni mocmimy
OyJ0 BUSIBJIEHO IO IIEOIHKM MEHIIUX (Qpaxiii
MOKPUBAIOTHCSI OITYMHOIO TIUTIBKOIO IIBHIIIE
HIXK BEJIMKI, ajie TOBIIMHA IUIIBKYA MEHIIIA.

4. 3a pe3ynbTaTaMH TEIUIOBI3IMHOI 3HOMKH
BUJIHO, 1110 TeMIIepaTypa CyMilli Mpu MoAayi Ha
AB3 6mu3pka 10 periiameHToBaHoi, a came 170
+5 °C. Ilpu mepeBe3eHHI A0 Micls YKJIaJaHHS
TeMIlepaTypa CyMillli Mai’Ke He 3MEHIITyBaJlach.

Temneparypa acdanbTOOETOHHOI Cywmimn B
OyHKepi pecaiikiiepa Ta Ha MOYaTKy YIIUIbHEHHS
BIJIMOBiAaJIa PETJIAMEHTY, ajie caMa KOHCTPYKI[iS
acanmpTOoyKiiagaya Mae OyTH YAOCKOHAJEHa,

OCKITBKM ~ TI0  KpasiXx  CTIHOK  OyHKepa
TeMmmeparypa 3MEHLIYETbCA, W10 HEraTUBHO
BIUIMBAE HAa  HAJIHHICTD  PETCHEPOBAHOTO

ITOKPUTTSL.
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natural bitumen additive and the aggregate
fraction.

1. The survey of the bitumen modified by the
natural additive Selenizza SLN-120 shows that
penetration is reduced logarithmically and there
is a possibility to obtain more viscous types of
bitumen, say for obtaining of bitumen BND
60/90 the additive content should be up to 10%.
For bitumen BND 40/60 it takes from 10 to
23% of Selenizza SLN-120 additive content.
The softening point for the bitumen, modified
by the natural additive Selenizza SLN-120, is
linearly increased depending on the content of
the additive; therefore there is a possibility to
obtain more heat-resisting types of bitumen.
The upper limit at the maximum content of the
additive (50%) reaches the value of 66 °C.

2. We have deduced experimental data and
mathematical relations for calculation of the
retained mass of the bitumen on the aggregate
particles surface, depending on the natural
bitumen additive content and the area or
diameter of particles, for dry and washed
aggregate of various diameters (from 5 to 25
mm). These relations enable us to calculate the
bituminous film thicknesses and consumption
of the binding agent and the additive for
specified criteria of construction.

3. In the process of preparation of asphalt-
concrete mix every mineral grain was coated
with bituminous film. In the course of the trial
it was discovered that the smaller fractions of
aggregate get coated with the bituminous film
quicker than the larger fractions, however the
film becomes thinner.

4. The results of the thermovision survey show
that the temperature of the mix, while being fed
on the asphalt plant, is close to the regulatory
one, namely 170 =5 °C. In the course of
transportation to the paving area the
temperature of the mix basically did not fall.
The temperature of the asphalt-concrete mix in
the hopper of the recycler and at the beginning
of compaction was in accordance with the
regulations, however it meant that the asphalt
paver had had to be modified, since on the
sides of the hopper the temperature falls down,
which negatively affects reliability of the
regenerated pavement.

The critical temperature of compaction is the
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Kputnunoro  temmepaTryporo  yKaTkKu €
Temriepatypa moBepxHi +85° C.YkouyBaHHs
cyMmimi mMae OyTu OUIbII iHTEHCHBHHUM, 1 HOTO
MOTPiOHO MOYMHATH BiJIpa3y XK MICIA YKIadaHHs
CyMmilli Ta TpUMaTH AMCTaHLiio B 35-40 M., 3
BI/IMOBITHOIO KUJIBKICTIO MPOXOJIIB MO OJHOMY
CIi Y.
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surface temperature of +85° C. Compaction of
the mix should be more intense, it should start
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the distance at 35-40 m., ensuring a
corresponding number of passages along each
track.
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PA3PABOTKA TPUHIMIIOB OBECIIEYEHUS 3KOJOTMUYECKOM
BE3OITACHOCTH BHYTPHU-ADPOJIPOMHBIX JTOPOT:
TEPMUWHBI U AHAJIN3 DKOJOI'MYECKUX PUCKOB

AHoTanms. CTaThs MOCBSIIEHA aBKTYaJIbHOMY BOIIPOCY 0OecTeueHus IKOJIOrHYeCKoil 6€301MacHOCTH
BHYTPEHHE a3pOJPOMHBIX A0pOr. PaccMOTpeH cOBpEMEHHOE COCTOSIHUE BONPOCA, IPEI0CTABIEHHBIN
aHaJIN3 SKOJOTMYECKUX pUCKOB. ClienaHHble BHIBOIBI.
KiroueBble cioBa: »Kojoruueckass 0e30MacHOCTh, BHYTPUAEPOAPOMHBIE JIOPOTH, (AKTOPHI
BIIMSIFOILME HA DKOJIOTHUECKYIO O€30MaCHOCTh, PUCKH

[IpencraBneni py3ynbTaTd COPSMOBaHI Ha The article includes the results aimed at
pO3pOOKY  METOJMKH  KIUIBKICHOI  OIIIHKHU developing techniques quantify the
€KOJIOTIYHOT Oe3meku environmental safety airports internal roads and
BHYTPIIIHBOAEPOAPOMHUX  JIOpPIr 1  JOpir public roads and is based on material analysis
3araJbHOT0 KOPUCTYBAHHS Ta 3/IHCHIOETHCS Ha studies of the impact of roads and transport in
OCHOBI  aHaJi3y MarepiajiB  JOCIIIKEHb natural and social environment surrounding
BIUIMBY JIOPIl Ta TPAHCIIOPTY HA MPHUPOIHE i roads areas, methods and standards of design,
CollialbHE CEPEOBHINE MPHIIETIUX J0 AOpIT construction, reconstruction, maintenance and
TEPUTOPif, METOMIB 1 HOPM IPOEKTYBaHHS, repair of roads, environmental assessment,
OyIIBHUIITBA, PEKOHCTPYKIIii, yTpUMaHHS Ta territory, living conditions, taking into account

44



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

PEMOHTY JOPIr, OLIHKH CTaHy HaBKOJIUIIHHOTO
CepeloBUINA,  TEPUTOPii,  YMOB  IKHUTTS
HACEJICHHS 3 ypaxyBaHHAM YHHHUX
HOPMAaTHBHHX Ta METOJANYHUX JOKYMEHTIB.

OmHuM 3 BaOXIMBUX €TaliB JIOCIIKEHb
cHCTEeMaTH3allis Ta aHali3 Cy4aCHOTO CTaHy
IUTAaHHS  LIOJ0 €KOJIOTIYHOI  Oe3leKH.
Bim3HaunMo TakoK, IIO.HOHATTS "eKOJIOTI4Ha
oe3meka" Mae IAPOKE TIyMaYEHHS
(HampuKIaa, €KOJIOTiuHA Oe3leKa HaCEICHHS
MiCTa,  €KOJIOTiYHa  Oe3leka  JepiKaBH,
eKoJIOTiYHa Oe3IeKa TeXHOJIOTIH 1 BUPOOHUIITB
tomo). Exonoriuna Oe3meka € BaXXJIMBOKO
CKJIaJJOBOI0 (DYHKITIOHYBaHHSI MTPOMHCIIOBOCTI,
CUIBCPKOTO Ta KOMYHAJIBHOTO T'OCIOJApPCTBA,
cdepu ToCIyr, raimy3i Mi>KHAPOJHUX BiTHOCHH
Ta aKTYaJIbHICTh 3POCTAE MOPIYHO.

l'oBopstum mpo dakropu HeOE3NeKH, iHOI
PO3pI3HAIOTE TEXHOTCHHY Ta EKOJIOTIYHY
HeOesneky. Ilim exonoriyHor HeOe3MmeKor
PO3YMIIOTh €KOJIOTiIYHI BIUIMBH, B PE3YJbTaTi
SAKAX MOXYTb BiIOyTHUCS 3MIHU B
HABKOJIMIIIHBOMY CEpEJOBHILI 1 BHACIIOK
I[bOTO 3MIHMTHUCS YMOBH ICHYBaHHS JIIOJMHH 1
CyCHIbCTBA. AJie B TJI00ampHOMY MacmTall
IPUPOJIHI IPUPOHI JIXKepesia HeOe3MeKH 3apas3
BIIHOCHO HE BEJMKI B TIOPIBHSHHI 3
aHTpONOreHHUMHU. TuMm Oinble, MO JIIOJUHA
IIBHJIKO  BYHTHUCS  iX  TNPOTHO3YBaTH i
MoTIepeKATH.

Exomnoriuna Oe3neka Iie — KOMILUIEKC, 3aX0/I1B
CIpSMOBAaHWUX Ha 3HWKCHHS  IIKIJTHBUX
HACJIIIKIB Cy4acHOI0 MIPOMUCIIOBOTO
BHPOOHUIITBA 1 BUKHUJIIB B aTMOC(eEpy.

Exosoriyga Oesmeka — CTaH 3axHIIEHOCTI
Oiochepn 1 IIOACHKOTO CYCHUIBCTBA, a Ha
Jep>)KaBHOMY pIBHI —  CTaH 3axHUIIEHOCTI
JIepKaBU BiJ 3arpo3 BUHUKAIOTH B Pe3yJbTaTi
AHTPONOTEHHUX 1 TPUPOAHUX BIUIMBIB Ha
HAaBKOJIMIIIHE  cepeloBUIe. Y  TMOHATTS
eKoJioriyuHa  Oe3neka  BXOJUTh  CHCTEMa
pETyNIOBaHHS 1 YOpPaBIiHHSA, WIO JJO3BOJISE
MpOrHO3yBaTu 1ii Ta He JomyckaTtu abo
MiHIMI3yBaTu pPU3MKH, a B pa3i BUHUKHEHHS —
JKBITyBaTH PO3BHUTOK HaI3BUYaAHUX
CUTYAITi}.
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existing regulations and

documents.

guidance

One of the important stages of research
systematization and analysis of the current
state of the issue of environmental safety.
Note also that the term “environmental
safety” has a broad interpretation (e.g.
population ecological safety, ecological
safety, ecological safety technologies and
industries, etc.). Environmental safety is an
important part of the functioning of industry,
agriculture and public utilities, services,
international relations and the urgency is
growing every year.

Speaking about the hazards sometimes
distinguish ~ between  man-made and
environmental hazard. When environmental
hazard understand environmental impacts
that result may be a change in the
environment and thereby change the
conditions of existence of man and society.
But in the global natural hazard natural
sources is relatively large compared with
man-made. The more that people quickly
learn to predict and prevent.

Environmental safety is a complex of
measures aimed at reducing the harmful
effects of modern industrial production and
emissions.

Environmental safety is the state of
protection of the biosphere and human
society, and at the state level - the state of
protection of the state against threats arising
from man-made and natural impacts on the
environment. The concept of environmental
safety is a system of regulation and control
that allows her to predict and prevent or
minimize risks in case of - to eliminate the
development of emergency.
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Exonoriuna Oe3meka Ta YHOpaBIiHHSA HEIO
peasi3yeTbCcsl Ha HACTYIHUX PIBHSAX:

- r1o0albHOMY;

- perioHaJIbHOMY;

- JIOKaJbHOMY.

I'moGanbHuil piBeHb yNMpPaBIiHHS €KOJOTTYHOO
Oe3IeKkor  mepeadadyae  MPOTHO3YBAaHHSA 1
BIJICTeXKEHHS IMpoleciB B craHi Oiocdepn B
niioMy 1 ckimagoBux il cdep. Y apyrii
MOJIOBUHIMUHYJIOTO ~ CTOJITTS 1Ii  MPOLIECH
BHPAXAIOTHCS B TJIOOAIBHOMY 3MiH KJIiMaTy,
BUHUKHEHHI "MapHUKOBOTO edexty",
pyHHYBaHHS 030HOBOTO eKpaHny,
ONyCTENIOBAaHHA IUIAHETH 1 3a0pyIHEHHS
cBiToBOro okeany tomo. CyTe T100aibHOTO
KOHTPOJIIO Ta YNpaBIiHHSA Yy 30epekeHHi Ta
BIJTHOBJIEHHI MIPUPOTHOTO MeXaHi3My
BIITBOPEHHS JOBKULISA  Oiocdeporo, sSKuit
HAMpPaBIAETBCA  CYKYIHICTIO  BXOISATH IO
ckiaamy  Oiochepu  KHBHX — OpraHi3MiB.
YnpaBiniHHA ri106anbHOL €KOJIOT1YHOT
OC3IEKOI0 € TIPEePOraTHBOID MIKACPKABHUX
BimHocuH Ha pieHi OOH, FOHECKO, FOHEII
Ta HIIUX MDKHAPOJHHMX OpPTraHi3allilo MeTOIu
yIpaBlIiHHS Ha 1[bOMY piBHI BKJIIOYAIOTh
MPUMHATTS MIKHAPOJHUX aKTIB IIOJI0 3aXUCTY
HaBKOJIMIIHBOTO CepelloBHIAa B MaciTabax
6iochepu, peasnizaiiro MDKJIEPKaBHUX
€KOJIOTTYHUX porpam, CTBOPEHHS
MDKYPSIZIOBUX CHJI 3 JIKBIJAIli €KOJOTTYHUX

KaracTpod, 110 MawTh HOpUPOAHUN abo
AHTPOIIOI€HHUH XapaKTep.
PerionanpHuii  piBeHb  BKJIIOYAE  BEJIHKI

reorpadiuyHi ab0 EKOHOMIYHI 30HM, a IHOAI
TepUTOpPIl AeKUIbKOX JepxaB. KoHTponb 1
yIpaBJIiHHS 3A1MCHIOIOTBCS Ha PIiBHI Yypsay
Jiep’KaBu 1 Ha PIBHI MDKJEP>KaBHUX 3B'S3KIB
(o6'eqnana €Bpoma, co03 aPpPUKAHCHKUX
nepkaB). Ha oMy piBHI cucTeMa yrpaBJIiHHS
€KOJIOT1YHOI0 0€3MeK0I0 BKIIIOYAE B cebe:

* €KOJIOT13al1l1}0 €eKOHOMIKHU

* HOBI €KOJIOT1YHO O€3MeyH1 TeXHOJIOT 1]

* BUTPUMYBAHHS TEMIIIB €KOHOMIYHOTO

PO3BHTKY, AK1 HE MEPEIIKOHKAIOTh
B1JIHOBJICHHIO SKOCTI HAaBKOJIMIIIHBOTO
CepeloBUIA 1 CIPHUSIOTh  palioHAJIbHOMY

BUKOPHUCTAHHIO MPUPOTHUX PECYPCIB.

JlokanpHul piBEeHb BKIIOYAE MiCTa, palioOHH,
HiANPHEMCTBA MeTalyprii, XIMI4HOT,
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Environmental safety and management is
implemented at the following levels:

- global;

- regional;

- local.
Global level of ecological safety
management involves forecasting and

tracking process in the state of the biosphere
as a whole and its constituent areas. In the
second century polovynimynuloho these
processes are expressed in global climate
change, the emergence of the "greenhouse
effect” ozone screen, desertification and
pollution of the planet oceans and more. The
essence of global control and management
in the conservation and restoration of the
natural environment biosphere playback
mechanism, which sent a set part of the
biosphere organisms. Managing global
ecological safety is the prerogative of
international relations at the United Nations,
UNESCO, UNEP and other international
organizations management practices at this
level include the adoption of international
instruments for the protection of the
environment across the biosphere, the
implementation of international
environmental programs, the establishment
of inter-forces to  eliminate  the
environmental disasters that have natural or
anthropogenic character.

Regional level includes a large geographic
or economic zones, and sometimes territory
of several states. Control and management
are carried out at the state government level
and in international relations (united Europe,
African Union). At this level of ecological
safety management system includes:

* environmentalizing economy;

* new environmentally friendly
technology;

* maintaining the pace of economic
development that does not impede the
restoration of environmental quality and
promote the rational use of natural
resources.

The local level includes cities, districts,
metallurgy, chemical, oil, mining and
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HadTOnEepepoOHOI, ripHUY0100yBHOT
MIPOMHCIIOBOCTI Ta 0OOPOHHOTO KOMILIEKCY, a
TAaKO’X KOHTPOJIb BHKH[IB, CTOKiB, Ta IH.
YrpaBiaiHHs €KOJIOT1YHOO 0e3I1eKOor0
3IIACHIOETHCS HA PIBHI aMiHICTpalii OKpeMux
MICT, palOHIB, MIAMPUEMCTB 13 3aTy4eHHSIM
BIIMOBIAHUX  CIY’KO, BIAMOBIJAIBHUX 34
CaHITapHUW  CTaH MIPUPOJIOOXOPOHHY
USTIBHICTE.

Ta

Po3pobOka pexomeHmamiii [OI0  PIlICHHS
KOHKPETHUX JIOKAJbHUX TPOOJIeM BH3HAUYAE
MOJJIMBICTh JOCSTHEHHS METH YIpPaBIiHHSI
€KOJIOTIYHOI O€3IEeKOI  perioHaJbHOMY 1
riobanpHOMY piBHSX. Ilpm  1bOMYy MeTa
YIPaBIIHHS JIOCATAETHCS TIPU  JOTPUMaHHI
NPUHIUIY Tepenadi iHdopmamii mpo craH
JOBKULJIS BiJT JIOKQJBLHOTO JI0 PEriOHAIIBHOTO Ta
rJ100aIBHOTO PIBHAMH.

HesanexHo BiJ piBHS yImpaBiiHHS €KOJOTIYHOT
Oe3neku 00'eKTIB yMpaBIiHHS OOOB'S3KOBO €
HABKOJIMIIHE CEPEeNOBHILE, TOOTO, KOMILICKCH
NPUPOJHUX EKOCHCTEM, 1 COLIONPUPOTHUM
exocuctemu. Came TOMYy B CXeMi YIpaBIiHHA
€KOJIOTIYHOIO 0e3MeKor0  OyJb-sIKOro PIBHS
00OB'A3KOBO TMPUCYTHIM aHaI3 EKOHOMIKH,

¢iHaHCIB, pecypciB, IPaBOBUX  IHTaHb,
aAMIHICTPAaTUBHUX  3aXO/IIB, OCBITH Ta
KYJIBTYpH.

PosrnsiHemMo kputepii eKoJoriyHoi Oe3neKu.
HayxoBi mxepena, pi3HI peKOMEHJaLlIlHI Ta

HOPMATHBHI  JIOKYMEHTH  MICTATh  Oe3iiy
KpuTepiiB  Oe3neku, y TOMY 4YHCIOl 1
exoyoriynoi Oe3meku. Ilpm 1poMy dacTo

HEMOXITUBO CYJTUTH, TIO STKOMY 3 X KPUTEPIiB
MOXXHa BHHECTH OCTaTOYHE CY/DKEHHS TIpo
O6esnexky Toro uu iHmoro o0'ekta. Tomy

BUHHUKAE HEOOXI1HICTh pO3po0OKH 1
BUKOPUCTAHHS HEBEIIMKOTO qrcia
IHTEerpaJbHUX  KpHUTEpiiB  Oe3meku  Ta

OTPUMaHHS Ha iX OCHOBI y3arajlbHEHOI OI[IHKU
crany o0'ekta. [[ns ekocdepu 1 i yacTuH —
OMOMOB, perioHiB, JaHAmadTiB, TOOTO OLIBII-
MEHII BEJIMKUX TEPUTOPIAIbHUX MPHUPOIHUX
KOMIUIEKCIB, BKJIIOYAIOYM  aJMIHICTPAaTUBHI
YTBOPEHHSI MOXXE CIYXHUTH DIBEHb EKOJOIo-
€KOHOMIYHOT0, a00 NPHUPOIHO-BUPOOHUIOTO
napurery, TOOTO CTymeHs BIAMOBIIHOCTI
3arajbHOi TEXHOT€HHOTO HABAaHTAXXEHHS Ha
TEepUTOpist 11 EKOJIOTIYHOI TEXHOEMKUX — —
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defense industry, and control of emissions,
effluents, and others. Management of
ecological safety is at the administrations of
individual cities, regions, enterprises with
the involvement of relevant services in
charge of health status and environmental
activities.

Recommendations on specific local problem
solution determines the possibility of
achieving the goal of environmental safety
regional and global levels. This goal is
achieved management subject to the
principle of the transfer of environmental
information from local to regional and
global levels.

Regardless of the level of environmental
safety management facilities management
necessarily the environment, that is,
complex natural ecosystems, and social and
natural environment. That is why the
environmental safety management scheme at
any level is necessarily present an analysis
of the economy, finance, resources, legal
issues, administrative measures, education
and culture.

Considering criteria for environmental
safety.  Scientific  sources,  different
recommendation and regulations contain
many safety criteria, including
environmental safety. It is often impossible
to judge on which of these criteria can make
a final judgment on the safety of a facility.
Therefore there is a need to develop and use
a small number of integrated safety criteria
and receive on the basis of a generalized
assessment of the object. For ecosphere and
its parts - byomov, regions and landscapes,
that is more or less large local natural
systems, including administrative entities
may be the level of ecological, economic or
natural production of parity, that is, the
extent to total anthropogenic impact on the
territory of environmental tehnoyemkyh -
limit endurance regarding damaging
anthropogenic influences.
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IpaHUYHOI BUTPUBAJIOCTI CTOCOBHO
YIIKO/DKYBAJIbHUM TEXHOTCHHUX BIUIUBIB.

JIJIs OKpeMHX €KOJIOTIYHHUX CHCTEM I'OJIOBHHUMHM
KpUTEpisIMH OE3MEKH BHCTYIAE LITICHICTS,
30epexKEeHICTh ix BUI0OBOIO CKJIamy,
O10pI3HOMAHITTA Ta CTPYKTYpH BHYTPIIIHIX
B3aeM03B's13KiB. [lomiOHI kpuTepii BIIHOCATHCS
1 10 TEXHIKO-€EKOHOMIYHUM CHCTEMAaM.

Hapemri s iHOUBIAYYMiB — TOJIOBHUM
KpUTepieM Oe3NeKu € 30epexeHHs 370pOoB'S 1
HOPMAaJIbHOT KHUTTEAISITBHOCTI.

BaxnuBuM THUTaHHSIM € TakoX OIlIHKA
€KOJIOTTUHUX PHU3UKIB. 3a0pyaHeHHs
MPUPOJHOTO  CEPEIOBUINA  Ta30IoII0HUMH,
piAKMMH 1 TBEpAMMH PEUYOBHHAMHU  Ta
BIIXOJaMU  BUPOOHUIITBA, IO  BHUKJIHKAE
JeTPajallif0  CepelOBUINA  MPOXKUBAHHI 1
3aBlae  MIKOJAW  3JIOPOB'I0  HACEJICHHS,

3IMIIAETHCS HAUOIIBII TOCTPOIO €KOJIOTTYHOIO
MpoOJIeMOI0, Ma€ TPIOPUTETHE ColiadbHE 1
€KOHOMIYHE 3HAYEHHS.

Hnst 00'€KTHBHOT KUIbKICHOT OIlIHKH,
MOPIBHSIHHS, aHaJli3y, YNPaBIIHHSA BIUIUBOM
3a0pylHIOBaYiB  pi3HOI 1  PI3HOMAHITHOI
MPUPOJIU B OCTAHHI JECATUIITTS 32 KOPJIOHOM 1
B YKpaiHi aKTUBHO PO3BUBAETHCS METOOJIOTS
pu3uKiB. Pusuk BIUIMBY 3a0pyaHIOBaya TOTO
YM 1HIIOTO BUJY BU3HAYAETHCS SIK UMOBIPHICTb
BUHUKHEHHS Y JIIOJUHU a00 HOT0 MOTOMCTBA
Oy/b-KOTO HIKiATUBOrO €(PeKTy B pe3ysbTari
L[bOTO BIUIMBY. MeTo0I0Tis aHalli3y pU3HKIB
JO3BOJISIE noOyyBaTu "mkany", 3a
JOTIOMOTOI0 SIKOi, MO>KHA TPOBOJMTH OI[IHKH
Ta TOpPIBHAHHSA BIUIMBY HAa HABKOJIUIIHE
CepeNIOBUIIE Ta 310pOB'st JIIOIMHA
HECTIpUATIUBUX  (akTopiB.  MeTogomoris
OLIIHKH Ta MOPIBHSHHS PU3MKIB B IaHUH Yac HE
IPOCTO IHCTPYMEHT HAyKOBUX JOCIHIKEHb,
ane W odimidHo BU3HAHMK MIiHICTEpCTBOM
OXOPOHHU 3/10POB'St METOJT aHAJI3Y.

Exonoriunuii pusuk — WMOBIPHICTh HACTAHHS
moAil, IO Mae HECHPHUSATINBI HACTIAKA JIs
MPUPOJHOTO  CEPEOBUINA 1 BHUKIMKAHOTO
HETaTUBHUM BITMBOM T'OCIIOJAPCHKOT Ta THIIOL
TOISUTBHOCTI,  HAA3BHYAHUMH  CHUTYaIisIMH
MIPUPOTHOTO Ta TEXHOTCHHOTO XapaKTepy.

48

For some of the main criteria of
environmental safety advocates integrity and
preservation of their species composition,
biodiversity and the internal structure of
relationships. Such criteria relating to
technical and economic systems.

Finally, the main criterion for individuals is
to preserve the safety and health of normal
life.

An important issue is an assessment of
environmental risks. Contamination of the
environment gaseous, liquid and solid
substances and industrial waste that causes
degradation of the environment and harm
human health, remains the most acute
environmental problem is a priority social
and economic importance.

For an objective quantitative evaluation,
comparison, analysis, control and influence
of different pollutants of various nature in
recent decades abroad and in Ukraine is
actively developing the methodology of risk.
The risk of pollutant exposure of a species is
defined as the probability of a person or
progeny of any adverse effects as a result of
this action. Risk analysis methodology
allows to build a "scale™ by which can assess
and compare the impact on the environment
and human health unfavorable. The
methodology of evaluation and comparison
of risks is now not just a tool of research,
but also officially recognized by the
Ministry of Health analysis method.

Environmental risk - the probability of an
event that has adverse effects on the
environment and the negative impact caused
by economic and other activities,
emergencies, natural and man-made.



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

Exonoriunuit pHU3UK XapaKTePU3YEThCS
HAaCTYMHUMHU HOPMATUBHUMHU PIBHAMMU:

[IpuiiHATHHIA €KOJIOTTYHUM PU3UK — 1€ PU3HK,
piBEHb SKOTO BUMPABIAHUN 3 TOYKU 30PY 5K
€KOJIOT1YHHUX, TaK 1 €KOHOMIYHHUX, COLIaJbHUX
Ta IHmWUX 1poOieM B KOHKPETHOMY
CYCITUJIBCTBI 1 B KOHKPETHHM Yac.

['paHMYHO TOMYCTUMHI €KOJIOTIYHUMA PU3UK —
MaKCUMaJbHUI piBEHb IIPUMHATHOTO
€KOJIOT1YHOTO PU3HMKY. BiH BH3HAuYa€eThCs 1O
BCil CYKYITHOCTI HECTIPUSTIIMBUX €KOJOTTUHUX
epekTiB 1 HE TOBUHEH TepPEeBUIIYBATUCS
HE3AJIKHO BiJ] 1HTEpPECiB EKOHOMIYHHX 4YH
COLIIaJIbHUX CHUCTEM.

Hextyemuii  exonmoriyHuii  pu3HK -
MiHIMaJTBbHUH piBEHB HIPUMHATHOTO
€KOJIOTIYHOr0 pHu3uKy. Exonoriunuii pusuk
3HAaXOAWTHCS Ha piBHI (iaykTyamid piBHA
¢oHOBOrOo pHu3MKy abo BH3Ha4aeThecs K 1%
Bil TPaHUYHO JOMYCTHUMOTO EKOJOTi4HOTO
pU3UKY. Y CBOIO yepry, (POHOBUH PU3MK — 1€
pu3nuK, OOYMOBICHUN HAasSBHICTIO e(EeKTiB
OpUPOJM 1  COLIAJIBHOTO  CepellOBHIIA
MIPO>KUBAHHS JIFOIIHH.

[llupoke 3actocyBaHHA 3HAXOAUTH  TaKe
MOHATTS, $K 1HAUBIAyadbHUN EKOJOTIYHHIMA
pusuk. Ile  pusuk, Akuil  3a3BUYaAl
OTOTOXKHIOETBCSI 3 IMOBIPHICTIO TOrO, IO
JIOJMHA B XOJAl CBO€l KUTTEIISIIBHOCTI
BUNIPOOYyE  HECHPUATIMBHM  €KOJOTIUHHI
BIUIMB. [HIMBIAYyadbHUN EKOJIOTIYHHN PHU3UK
XapaKTepu3ye €KOJIOTyHy HeOe3leKy B MEeBHii
TOYIl, JI€¢ 3HAXOMUTHCA I1HAUBIIYYyM, TOOTO
XapaKTepu3ye pO3MOJIUI PU3UKY B IMPOCTOPI.
Le TIOHATTS MOXe LIUPOKO
BUKOPHUCTOBYBATHUCS ISt KUTBbKICHOT
XapaKTepUCTHKU TEPUTOPIH, Ha SKI MaroTh
BIUIMB HEraTUBHI (aKTOPH.

TakuM 4HMHOM, TOHSTTSI €KOJOTIYHOTO PU3HKY
JO3BOJIIE JUISI TIMPOKOTO KJIACy SBHII 1
MPOILIECiB AaTH KUTbKICHUM OMHC €KOJOTTYHUX
Hebe3MexK.

[ToHATTS pU3KKYy TOENHYE B COO1, IK MIHIMYM,
1B MMOBIPHOCTI: IMOBIPHICTH peaiizamil
HECMIPUSATIUBOTO  BIUIMBY 1 HMOBIPHICTD
ypaXeHHs, BTpAT, 3aBAAHUX IUM BILTUBOM
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Environmental risk is characterized by the
following normative levels:

Acceptable environmental risk - the risk
level is justified in terms of both
environmental and economic, social and
other problems in a particular society and at
a particular time.

Maximum allowable environmental risk is
the maximum acceptable level of
environmental risk. It is determined by the
totality of adverse environmental effects and
should not be exceeded regardless of the
interests of economic or social systems.

Omitted environmental risk is the minimum
acceptable environmental risk.
Environmental risk is at risk of fluctuation
of the background or defined as 1% of the
maximum allowable environmental risk. In
turn, the background risks is the risk due to
the presence of nature and social effects of
the human environment.

Widespread use is such a thing as an
individual environmental risk. This risk is
usually identified with the probability that a
person in the course of their life will
experience an adverse environmental
impact. Individual environmental risk
describes the environmental hazard at a
certain point where the individual, that
describes the distribution of risk in space.
This concept can be widely used for the
quantitative characteristics of the territories
in which influence negative factors.

Thus, the concept of environmental risk
allows for a broad class of phenomena and
processes of a quantification of the
environmental hazards.

Risk combining at least two probabilities:
the probability of realization of the adverse
effects and the likelihood of damage, losses
caused by these objects influence the
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o0'eKTaM HABKOJMIITHBOTO CEPENOBHUINA 1
HAaCelNeHHI. PH3MK oO3Ha4ae HWMOBIPHICTb
BUHUKHECHHSI KOHKPETHOTO €(eKTy MpOTAroM
MEBHOTO 4Yacy abo 3a meBHUX oOctaBuH. [Ipu
bOMY  PH3UK  BIApI3HAETbCA  SK  Bif
WMOBIPHOCTI BIUIMBY, TakK 1 BiJl IMOBIPHOCTI
3amojisiHoro  30uTKy. Pu3uk Moxe OyTH
ONMM3bKUN 0 HYJS, HE3BAKAIOUYU HA Te, IO
HMOBIpHICTh peaii3amii HeCHpHUATIUBOI MOIIT
(moctiiftHO nmirodi HeraTtuBHi (akTOopH) abo
HMOBIpHICTh ypakeHHs (HaJ3BUYAIHO PiAKICHI
SIBUIA PYWHIBHOT CHJIM) OJIM3BKI O OAMHMIIL.
Y 3aranpHOMY BUNAQJAKY BEIMYMHA PUBHKY
3MIHIOETHCSI B MEXaX BiJl HYJIS 10 OJUHUIL.

Pusuk — 1ne kinpkicHa a0o0 sKICHA OLIIHKA
HeOe3MeKH; BiIMOBIIHO, EKOJIOTIYHUNA PU3UK —
e KUIbKICHA a0o0 AKiCHA OIL[IHKAa €KOJIOTIY4HOIL
HeOE3NeKW  HECHPHUSTIMBUX  BIUIMBIB  Ha
HAaBKOJIUIITHE CEPEIOBHUIIIE.

BucnoBku

Besneka ckmagHOi cHCTEMH BU3HAYAETHCS HE
TIIBKK cyO'ekTamMu 3axucTy abo Qaxkropamu
30BHIITHBOTO 3aXUIIECHOCTI, CKIJIBKH
BHYTPIIIHIMU BJIACTUBOCTAMH — CTIHKICTIO,
HAJIAHICTIO, 3JaTHICTIO JO AaBTOPETYJIALII.
Haii0inbmmoro Miporo 1€ BiIHOCUTBCS caMme J10
ekosoriyHoi Oe3neku. JlronuHa, CycmiibCTBO,
Jiep>kaBa HE MOXYTh OyTH rapaHTaMu BJIacHOI
€KOJIOT1YHOT Oe3neku JIOTH, IIOKHU
IPOAOBXKYIOTh ~ HOPYUIYBaTH  CTIMKICTh 1
010TUYHY perysiiio HAaBKOJIMIIIHBOTO
MIPUPOJHOTO CEPEIOBUIIIA.

Jns 00'eKTUBHOT KUIBKICHOT OIIHKH,
MOPIBHSIHHS, aHali3y, YIMpaBIIHHSA BILUIUBOM
3a0pynHIOBaYiB  pi3HOI 1  PI3HOMaHITHOI
MPUPOIY B OCTaHHI JIECATUIITTA 32 KOPAOHOM 1
B YKpaiHi aKTUBHO PO3BUBAETHCS METOIOJIOTS
pu3uKiB. Pusuk BIUMBY 3a0pyaHIOBaya TOTO
YM 1HIIOTO BUY BU3HAYAETHCS K HUMOBIPHICTD
BUHUKHEHHS Y JIIOJUHU a00 HOTO TMOTOMCTBA
Oy/b-KOTO HIKiATUBOrO €(PeKTy B pe3ynbTari
1[bOTO BIUIMBY. MeTo0JI0Tis aHalli3y pU3HKIB
J03BOJISIE noOyayBaTu "mkany", 3a
JONIOMOTOK0  SIKOi, MO>KHA NPOBOAMTHU OL[IHKH
Ta TOPIBHSHHSA BIUIMBY HAa HABKOJIUIIHE
cepeloBHILE Ta 3JI0pOB's JIOAUHU
HECTIPUATIUBUX (aKTOPIB.
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environment and the population. Risk means
the likelihood of a specific effect over time
or under certain circumstances. The risk is
different from both the likelihood of impact
and likelihood of the damage. The risk may
be close to zero, even though the probability
of realization of adverse events (permanent
negative factors) or the probability of
damage (extremely rare destructive forces)
are close to unity. In general, the magnitude
of risk varies from zero to one.

Risk is the quantitative or qualitative
assessment of risk; respectively,
environmental risk - a quantitative or

qualitative assessment of the environmental
hazard of adverse effects on the
environment.

Conclusions

Safety complex system depends not only
subjects of protection or safety of external
factors as internal properties - stability,
reliability, ability to autoregulation. The
greatest extent it relates specifically to
environmental safety. Man, society, the state
can not be guarantors own environmental
safety as long as continue to violate stability
and biotic regulation of the environment.

For an objective quantitative
evaluation, comparison, analysis, control
and influence of different pollutants of
various nature in recent decades abroad and
in Ukraine is actively developing the
methodology of risk. The risk of pollutant
exposure of a species is defined as the
probability of a person or progeny of any
adverse effects as a result of this action.
Risk analysis methodology allows to build a
"scale" by which can assess and compare the
impact on the environment and human
health unfavorable.
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YK 625.8
Knanwk B.K., 1-p Texs. Hayk, HupkynoBa K.B., kaHza. TexH. HayK.

MMOPIBHAJIBHI JOCIILI?>KEHHSA BIVIUBY TEPMOILJIACTY «SUPERPLAST» HA
BJIACTUBOCTI AC®AJIBTOBETOHIB

AHoOTaNisl. Y CTAaTTi pO3IJISHYTO NMUTAHHS MiJABUINEHHS SKOCTI rapsiaux acaibTOOCTOHIB PI3HUX THITB Ta
BUIB 3a PaxyHOK BHKOpUCTaHHs a00aBku «Superplasty. Ominky sikocTi acaibTOOETOHIB BHKOHAHO 3a
MOKa3HUKaMU (I3MKO-MEXaHIYHUX BJIACTUBOCTEH, IO BH3HAYAIKMCA CTAHIAPTH30BAHUMHU METOJAMH,
JI0YMMH Ha ChOTOHINIHIN JIeHb B YKpaiHi. B X0l 10oCiKeHb OLIHEHO BJIACTUBOCTI ac(aibTOOSTOHIB SIK 3
no0aBkoro, Tak 1 0e3 Hei. Takox MOCHiIKEHO BIUIMB PI3HUX MapoK HA(TOBOro IOPOKHBOTO OITYMy Ha
(h131KO-MeXaHiuH1 BIaCTUBOCTI ac(haabTOOETOHIB.

O06'exT mocnimKeHHs: — rapsidi acaibToOETOHHI CyMillIi.

Merta po6OTH — MOPIBHSUIBHI JOCTIIKEHHS BIUTMBY 100aBku «Superplasty na BiractuBocti achanbrobeToHIB
PI3HUX THIIIB Ta BUIIB.

Metoau A0CIiIKEHHS — aHATITUKO-EKCIIEPUMEHTAIbHI.

KarouoBi caoBa: gopoxHiii omar, wmomudikamis, OiTyM, TepMmoIUiact, MeOCHEBO-MaCTUKOBUI
acanbTo0eTOH, APiOHO3EPHUCTHH ac(haabTOOCTOH, (Pi3NKO-MEeXaHIYHI BIACTHBOCTI.

UDC 625.8
Zhdanyuk V.K., Dr. Tech. Sci., Tsyrkunova K.V., Ph.D.

COMPARATIVE RESEARCH OF THERMOPLASTIC POLYMER “SUPERPLAST” INFLUENCE
ON ASPHALT CONCRETE PROPERTIES

Abstract. The paper deals with issue of improvement of hot asphalt concretes of different types by means of
additive “Superplast” application. The quality of asphalt concretes was estimated by physical and mechanical
properties determined using current standardized test methods valid in Ukraine. The properties of asphalt
concretes with and without the additive have been determined. The influence of different road petroleum
bitumen grades on physical and mechanical properties of asphalt concretes has also been evaluated.

The object of study — hot asphalt concrete mixes.

Purpose — comparative research of additive “Superplast” influence on properties of asphalt concretes of
different types.

Research methods — analytical and experimental.

Key words: pavement, modification, bitumen, thermoplastic polymer, stone mastic asphalt concrete, fine-
grained asphalt concrete, physical and mechanical properties.

YK 625.8
Knanwk B.K., 1-p Texn. Hayk, Hupkynosa E.B., kaHj. TexH. HayK.

CPABHUTEJIBHBIE UCCJIEJJOBAHUSA BIUSIHUS TEPMOILJIACTA «SUPERPLAST» HA
CBOMCTBA AC®AJIBTOBETOHOB

AnHoTanus. B cratbe paccMOTpEH BONPOC MOBBILICHHUS Ka4eCTBA ropsAYnx ac(haibTOOETOHOB pa3HbIX TUIIOB
Y BHJIOB 3a CUET MUCIOJIb30BaHus 100aBkH «Superplast». OueHky kadyecTBa acanbToOETOHOB BBIOJIHEHO MO
NoKazatessiM (PU3MKO-MEXaHUYECKUX CBOMCTB, KOTOPbIE OMPEACISIUCh CTaHAApPTU3UPOBAHHBIMH METO/IaMH,
JNEUCTBYIOIIMMHA HAa CETOAHSIIHWMKA JIeHh B YKpauHe. B XoJe wuccleqoBaHWM OIIEHEHO CBOMCTBA
ac¢anbToO0EeTOHOB KakK ¢ J100aBKOM, Tak U 0e3 Hee. Takxke MCCIeI0BaHO BIMSHHE Pa3HBIX MAPOK HEPTSIHOTO
JIOPOKHOTO OUTYMa Ha (PH3MKO-MEXaHHUECKHUE CBOMCTBA ac(habTOOCTOHOB.

OOBeKT uccieoBaHmus — Topsiare acharbTOOCTOHHBIE CMECH.

Ilenp paboTBl — CpaBHUTEIBbHBIE HCCIEAOBAHMA BIMAHUS J00aBKkHM «Superplasty Ha CcBOHCTBa
ac¢anbToOETOHOB Pa3HBIX THIIOB M BHUIIOB.
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MeTob! ncclieTOBaHUS — aHAJTUTUKO-IKCIIEPUMEHTAIIbHBIC.
KuaroueBble cioBa: [opokHas onexaa, Moaudukanus, OUTyM, TEpMOIUIACT, MIEOCHOYHO-MaCTHUYHBIN
ac¢anbTo0eTOH, MEIKO3epHUCTHIN ac(aibTo0eTOH, (U3UKO-MEXaHUYECKUE CBOMCTBRA.

Beryn

[TigBumenast skocTi achaabTOOSTOHIB CHpHSIE
30UIBIIEHHIO CTPOKIB iX CIOykOM B miapax
JIOPOXHIX OJIATIB, TOKPALICHHIO TPAHCIIOPTHO-
eKCIUTyaTal[lfHUX  XapaKTepUCTUK  IOKPUTT,
3MEHIICHHIO BUTPAT Ha PEMOHTHI poboTH. Binomo,
0 JIOBFOBIYHICTh ac(anbTOOCTOHHUX IIIapiB
JIOPOKHBOTO OJISITY CYTTEBO 3QJICKUTH Bif SIKOCTI
BUXIJIHUX  MarepiamiB  (0COONMMBO  JOPOXKHIX
0iTymiB), AK1 BUKOPHUCTOBYIOThCS JUISt
NPUTrOTYBaHHS  achanbTOOCTOHHUX  CyMiIlIeH.
CydacHi  TexHOJOTii  MIJBHUINCHHS  SKOCTI
acanbTOOETOHIB  MEPEBAKHO  MOJATAIOTh Y
Momudikamii  HaQTOBMX  JOPOXHIX  OITyMiB
HoJiiMepamH, JJaTeKCaMu, CUHTETUYHUMH BOCKaMH,
MTOBEPXHEBO-aKTHBHUMHU pEUOBHHAMM, abo
OJTHOYACHO KOMILJIEKCOM J00aBOK, Iepen ix
BUKOPUCTAHHSM TUIst MIPUTOTYBAHHS
acdanbrobeToHHux cymimeir. Cepen momimMepis
pi3HMX  KiaciB i Mmoxudikamii  OiTymiB
HalOibIle 3aCTOCOBYIOTHCS TEPMOENIACTONIIACTH
tuny SBS, ki HamaoTh M e1acTHYHOCTI.
Monudikamis ~ 6iTymiB  q0o0aBKamMu  Pi3HOTO
MOXO/IKEHHS TPAAUIIIHO 3MIMCHIOETHCS
3MIIIYBaHHAM iX y CHeliaJbHUX Mimankax. Taka
TEeXHOJOris  Moaudikauii  OITyMIB  BUMarae
JIOJaTKOBUX  €HeproBurpar. Bimoma  Takox
TEXHOJIOTIS BBEJIEHHS MOIU(IKYIOUuX J100aBOK
6e3nocepeiHb0 B ac(hanabTo3MillyBad B IPOLECI
nepemMinryBaHHs acanbroOeToHHOI cymimi. B
KpaiHax CBpONEHCBKOTO COKO3y 3a  TaKOK
TEXHOJIOTIEID MPUTOTOBISIOTHCSA MEPEBAXKHO JIUTI
rapsi acanbToOeTOHHI CyMillli 3 BAKOPUCTAHHSAM
MPUPOAHUX OITYyMIB, IK MOAN(DIKyIOUHUX T00ABOK.

Bimomi TaKOXK crocoou Moudikarii
ac(aibToOETOHHUX cyMimei J0JJaBaHHSM
CUHTETUYHUX BOCKIB abo TEPMOILIACTIB

oes3nocepenHbo B achanpro3minryBad. Jlo omHiel 3
MOJIIMEPHUX JT00ABOK, $IKYy MOJJIMBO BBOJUTH
Oe3mocepeiHb0 Yy achanbTO3MilIyBad — MpHU
MPUTOTYBaHHI  achalbTOOETOHHUX  CyMIilleH,
BIZTHOCHTBCSL TepMoruiacT  «Superplasty, sxwuii
npeAcTaBisiec  coboro amopdHui momionediH 3
Temreparyporo miasierns 150 °C.
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Introduction

Improvement in quality of asphalt concretes
results in increase of their service life in
pavement layers, improvement of performance
characteristics of the pavement, reduction of
costs for repair works. It is well known that
durability of asphalt concrete pavement layers
significantly depends on quality of initial
materials (especially of road bitumen) used to
produce asphalt concrete mixes. Modern
techniques of improvement in quality of asphalt
concretes mainly involve modification of
petroleum road bitumen with polymers, latexes,
synthetic waxes, surface active substances, or
simultaneously with combination of additives,
before introduction in asphalt concrete mixes.
The most widely used type of polymers for
bitumen modification is SBS thermoplastic
elastomers providing them with elasticity.
Modification of bitumen with additives of
different origin is traditionally performed by
blending in special mixers. Such technique of
bitumen modification requires additional energy
consumption.  Technology  of  modifiers
introduction directly in asphalt mixer during
asphalt concrete mix blending is also known. In
European Union such technology of mix
production is mostly applied for mastic asphalt
concrete using natural bitumen as modifiers.
Methods of asphalt concrete mixes modification
introducing synthetic waxes or thermoplastic
polymers directly in asphalt mixers are also
known. One of polymer additives which can be
added directly in asphalt mixer during asphalt
concrete  mix production is thermoplastic
polymer “Superplast”, which is an amorphous
polyolefine with melting point 150 °C.
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Pe3yiabTaTH eKCnepuMEeHTAJbHHUX JA0CTIIKEeHb

Jnst mpurotyBaHHS ac(ambTOOCTOHHHUX CyMilIen
BHKOPHCTOBYBAJIM TPAHITHUH I11eO1Hb, T'PaHITHUNA
BIJICIB Ta BaIlHAKOBHIA MiHEPAIBHUN MOPOIIOK.
[Tpu NPUTOTYBaHHI 111e0eHEBO-MaCTUKOBUX
acambTOOCTOHHUX CyMilIeH sK cTabimizyrouy
n00aBky BuKOpucTOBYBamn  «Viatop-66». Sk
B'SDKy4l  BHKOpPHCTOBYBanmu OiTymum  HadTOBI
nopoxkHi B’si3ki mMapku BHJ[ 60/90 (BupoOHMK
Jlucnuancekmii HIT3) ta BH 90/130 (BupoOHUK
Mosupcekuit  HII3), ski 3a moOKa3HUKaMH
BIacTuBocTel Bianosinanu Bumoram JICTY 4044,
['panynomMerpuuHi CKIaJd MiHEPaJbHOI YaCTHHHU
acambTOOCTOHHUX CyMIIIeH, MNPUUHATHX JUIS
JOCITIJDKEHHS, HaBeIeHi Ha puc. 1 — 3.
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CITO 3 Z1iaMeTpoM OTBOpY, MM
Pucynox 1 — I'panynomeTrpuuHuil ckiax MiHe-
palbHOI YaCTUHU IIUIBHOTO JIPIOHO3EPHUCTOTO
acambTOOETOHY THMY A HE TepepuBYacToi
IpaHyJIOMETpli 3 MaKCUMaJIbHUM PO3MIPOM 3€pEeH
mebento 10 Mm
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CHTO 3 JIaMeTPOM OTBOPIB, MM

Pucynox 2 — I'panynomeTpuuHUil cKiax MiHe-
palbHOI YaCTUHU IIUILHOTO JPIOHO3EPHUCTOTO
acampTobeToHy Ty b HemepepuBuacToi
rpaHyJIOMeTpli 3 MaKCUMaJbHUM pPO3MIPOM 3€peH
mebeHto 10 mm
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Research results

Granite coarse aggregate, granite siftings and
limestone mineral filler were used to prepare
asphalt concrete mixes. To prepare stone mastic
mixes stabilizing additive “Viatop-66” was
applied. Petroleum road viscous bitumen BND
60/90 (produced by Lysychansk refinery) and
BND 90/130 (produced by Mozyr refinery),
meeting the requirements of DSTU 4044 by their
properties, were applied as binders. Gradation
curves of asphalt concrete mixes taken for the
research are shown on Figures 1 — 3

—lp

20 15 10 5 25 1.250.630.3150.140.07¥0.071
Sieve diameter, mm

Figure 1 — Gradation of dense fine-grained
asphalt concrete type A with continuous
gradation and maximum aggregate size 10 mm

10 > SN

20 15 10 5 25 1.250.630.3150.140.07%0.071
Sieve diameter, mm

Pucynox 2 — Gradation of dense fine-grained
asphalt concrete type B with continuous
gradation and maximum aggregate size 10 mm
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Pucynox 3 — I'panynomerpuuHUil CcKiax MiHe-
paJIbHOI YaCTUHU 111e0€HEBO-MaCTUKOBOTO
acdanproberony Buay IIIMA-15

Awmopduuit momionedin «Superplasty y kinbkocTi
4 % Bin Macu OiTyMy JoJaBajiu O€3MOCEpeHbO B
CyMilll Tiepea BBelIeHHsAM Oitymy. JlocmikeHHsS
(hi3uKO-MeXaHIYHUX BJIACTUBOCTEH Ta
PO3PaXyHKOBHUX XapaKTEPUCTUK ac(haibTOOETOHIB
BHUKOHYBaJIH 3rigHO [ 1,2].

Pesynbrati TOPIBHSUIBHUX JOCTIIKEHb (Di3HKO-
MEXaHIYHUX Ta PO3PAXYHKOBHX XapaKTEPHCTUK
rapsunx ac@anpbToOeToHiB 0e3 100aBkM Ta 3

nob6askoro «Superplast» HaBeneni B Tabmuipax 1 —
3.

Tabmmuss 1 — BnactuBocTi JpiOHO3EPHUCTOTO
acambTOOETOHY THIy A  HemepepuBYacTOl
rpaHyJoOMeTpii
o ~ o2
(=) ~ (=) ~
Haszpa mokaszuuka | © =3 © 3 & 8
= | o= | HE '8
am an! anli e T =
S L R B £
1 2 3 4 5

Iopwucricts Mi-
HEpPaJIbHOI yac-
THHU (KiCTsIKa), %
3a 00’ eMoM
3anumikoBa
MOPHUCTICTh, % 3a
00’eMoM
Bononacuuen-us, 25 2,6 2,5 2,6
%3 00’e-MoM
I'panuns mir-
HOCTI TIPH CTHC-
Ky, MlIla, npu:
0°C 7,7 7.4 9,1 8,0
20 °C 3,2 2,7 4,6 4,2
50 °C 1,2 1,1 15 1,3

18,2 | 185 18,2 18,4

4,2 41 4,3 4,3

100 =<

waﬁassin@%\loom
o O O O O o O O

0

20 15 10 S5 zéev%%s 0,630,3150,140,07%0,071

lameter, mm

Pucynox 3 — Gradation of stone mastic asphalt
concrete SMA-15

Amorphous polyolefine “Superplast” at a rate of
4 % by mass of bitumen was added directly to
the mix before introduction of bitumen.
Determination of physical and mechanical
properties and design characteristics of asphalt
concretes was performed according to [1,2].

Results of comparative research of physical and
mechanical properties and design characteristics
of hot asphalt concretes without additive and

containing additive “Superplast” are shown in
Tables 1-3.

Table 1 — Properties of fine-grained asphalt
concrete type A with continuous gradation

o ) ow

S| & |82 3=z

~ -~ = =

p (o) > O 5 > O
roperty a a a© Dc\s
Z zZ | 25| z=

m m ms ms

1 2 3 4 5

Voids in mineral
aggregate, % by
volume

;Alr voids content, 492 a1 43 43
% by volume

Water saturation, 25 | 26 25 26
% by volume

18.2 | 185 | 18.2 18.4

Compressive
strength, MPa, at:

g;E}C 77| 74 | 91 | 80
g 32 | 27 | 46 | 42

1.2 11 15 13
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IIponoB:kenns Tadaumi 1

1 2 | 3 | 4 |5
BogocTiiikicTh

TIpH TPUBAIOMY | a9 | 084 | 0.90 0,8
BOJIOHACHYCHHI ' ' , ,

Bwmict

B sy 010, % 55 54 5,7 55

MirHicTs HA
PO3TAT TIPH 3TH-

Hi, MIla, ipu,
¢ 0 93 | 90 | 11,5 | 109

10 6,3 6,0 8,0 7,4
20 3,8 3,6 50 4,5
30 2,0 1,9 2,8 2,4

Monyib npyx-

nocti, MI1a,

pu, °C:
0 4400 | 3400 | 5000 | 3940
10 3050 | 2200 | 3500 | 2650
20 1700 | 1100 | 2100 | 1400
30 850 630 | 1000 | 780

HaBeneni B tabmumi 1 pe3ynbTatu JOCTIAKEHB
CBiIYaTh MpoO Te, IIO BBEIEHHS [0 CKIAay
npiOHO3epHUCTOT achaabTOOETOHHOI CyMIIlll TUITY
A 4 % nobasku «Superplasty Bukinkae 3pocTaHHs
SK TOKAa3HMKIB T'paHMII MILHOCTI NMPH CTHUCKY 3a
temneparypu 0, 20 ta 50 °C, Tak 1 rpasHuui
MIITHOCTI MpH 3TUHI Ta MOJYJISI IPYKHOCTI.

Tabmmuss 2 — BnactuBocTi JpiOHO3EPHHUCTOTO
acanmpToOeTOHY TMny b HemepepuBuactoi
rpaHyJoMeTpii

o 2 <
g S | s2| 2%
Hazga 2 S 2 ¢g = £
(@) o A S M
MOKa3HUKa § = = S ; S
A = T 2| &
A A
1 2 3 4 5
[opwucricth
MiHepaabHOT
yacTHHU (Ki-
cTsika), % 3a
00’eMOM 17,4 17,5 17,4 17,6
anmnikosa
ITOPHUCTICTB,
% 3a
00’eMoM 3,5 3,7 3,7 3,5
Bononacu-
yeHHs, % 3a
00’eMoM 2,0 2,2 2,0 2,2
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Continuation of Table 1

1 2 3 4 5
Water resistance
after long-term
water saturation
Binder content,
%

Bending tensile
strength, MPa,

089 | 0.84 | 090 | 0.86

55 54 5.7 5.5

at, °C:
0 9.3 9.0 | 115 | 109
10 6.3 6.0 8.0 7.4
20 38 | 36 | 50 | 45
30 2.0 1.9 2.8 2.4

Elasticity

modulus, MPa,

at, °C:
100 4400 | 3400 | 5000 | 3940
20 3050 | 2200 | 3500 2650
20 1700 | 1100 | 2100 | 1400

850 630 1000 | 780

Research results shown in Table 1 indicate that
introduction of 4 % of additive “Superplast” in
the composition of fine-grained asphalt concrete
mix (type A) results in increase of both
compressive strength at 0, 20 and 50 °C, and
bending tensile strength and elasticity modulus.

Table 2 — Properties of fine-grained asphalt
concrete type B with continuous gradation

Property

BND 60/90
(with additive)
BND 90/130
(with additive)

N BND 60/90
w| BND 90/130

1
Voids in
mineral
aggregate, %
by volume 174 | 175 17.4 17.6
Air voids
content, %
by volume 3.5 3.7 3.7 3.5

N
(8]

Water
saturation, %

by volume
2.0 2.2 2.0 2.2
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IIponoB:xeHns: Tadaui 2

1 2 3 4 5
I'panuns
MIITHOCTI
IIpU CTHUCKY,
Mlla, npwu,
°C:

0 7,9 7,6 10,0 8,4

20 4,1 4,0 50 4,8

50 14 1,2 1,7 1.4
Bomocriii-
KiCTh IpU
TPUBAJIOMY
BOJIOHACH-
YEHHI 0,90 0,86 0,92 0,87
Bwmicr B’s1-
Kydoro, % 6,5 6,2 6,8 6,4
MinHicTs Ha

pO3TST IpU

sruni, MIla,

pu, °C:
0 9,8 9,5 11,9 11,2
10 6,8 6,5 8,3 7,7
20 4.2 4,0 5,2 4,7
30 2,4 2,2 3,0 2,6

Monaynb

NPY>KHOCTI,

MIlIa, npwu,

°C:
0 4500 | 3600 | 5600 4500
10 3200 | 2400 | 3900 3000
20 1800 | 1200 | 2200 1500
30 900 660 1100 830

IIpu 3HWKEHHI TeMmmepaTypu Yy IOCTIIKYyBaHOMY
mianazoni Big 30 °C go 0 °C cmoctepiraerbes
3pOCTaHHs TPAHUI MIITHOCTI IPU 3TUHI Ta MOJYJIS
MPYXHOCTI JOCTIKYBaHUX ac(anbTOOETOHIB.

Acdanproberony 3 mobaBkoro «Superplasty Ha
ocHoBi Oitymy BHJI 60/90 B nocmikyBaHOMY
niana3oHi temneparyp Biactusi B 1,2 — 1,4 pa3u
OLTBIII 3HAYSHHS TPAHUII MIITHOCTI IpHU 3THHI Ta B
1,14 — 1,24 pa3u OuTblIl 3HAYECHHS MOJYIIIB
npyxHocti. J[piOHo3epHucTuii acganpToOeToH 3 4
% mobaBku «Superplasty Ha ocuosi 6iTymy BHJI
90/130 B mocniKyBaHOMY Jiama3oHi TeMIepaTyp
Mmae B 1,21 — 1,26 pa3u Oinblnl 3HAYEHHS TPAHULI
MirHOCTI pu 3ruHi Ta B 1,16 — 1,27 pa3u Oinbii
3HAYEHHS MOJYJIIB MIPYXKHOCTI.

Jani Tabnuii 2 moKa3yioTh, 10 IpU 3aCTOCYBaHHI
no6aBku «Superplast» ananoriuyHi 3aKOHOMIPHOCTI

BJIACTHBI TaKOX JPIOHO3EPHUCTOMY
acanproberony Ttumy b. Ilpu 1mwomy, cepen
JOCITIKYBAaHUX JIp1IOHO3EPHUCTHX acda-
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Continuation of Table 2

1 2 3 4 5
Compressive
strength,
MPa, at, °C:
0 7.9 7.6 10.0 8.4
20 4.1 4.0 5.0 4.8
50 1. 1.2 1.7 1.4
Water
resistance
after long-
term water
saturation 0.90 0.86 0.92 0.87
Binder
content, % 6.5 6.2 6.8 6.4
Bending
tensile
strength,
MPa, at, °C:
0 9.8 9.5 11.9 11.2
10 6.8 6.5 8.3 7.7
20 4.2 4.0 5.2 4.7
30 2.4 2.2 3.0 2.6
Elasticity
modulus,
MPa, at, °C:
0 4500 | 3600 | 5600 4500
10 3200 | 2400 | 3900 3000
20 1800 | 1200 | 2200 | 1500
30 900 | 660 | 1100 | 830

When the temperature within the research range
is reduced from 30 °C to 0 °C bending tensile
strength and elasticity modulus of the asphalt
concretes under research tend to increase.

Asphalt concrete with additive “Superplast” and
bitumen BND 60/90 within the accepted
temperature range is characterized by 1.2 — 1.4
times higher values of bending tensile strength
and 1.14 — 1.24 times higher values of elasticity
modulus.  Fine-grained  asphalt  concrete
containing 4 % of additive “Superplast” and
bitumen BND 90/130 within the accepted
temperature range has 1.21 — 1.26 times higher
values of bending tensile strength and 1.16 —
1.27 times higher values of elasticity modulus.

Data shown in Table 2 indicate that application
of additive “Superplast” gives similar trends
typical for fine-grained asphalt concrete (type B).
In addition to the above, the highest absolute
values of bending tensile strength and elasticity
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JIbTOOCTOHIB HAWOLIbIII 3a a0CONIOTHOIO BEJIHU-
YUHOIO 3HAYEHHS TPaHMUIll MIIIHOCTI TIPH 3THHI Ta
MOJyJIsl MPY)KHOCTI BJIACTHBI JpiOHO3EPHUCTOMY
achanpTobeToHy THIY b.

Taoauus 3 — Baactusocri IIIMA-15

2| 8 |22|8%
2 | s |35k

Hazpa nokazanka e >N S a| > «s
B
3 A T N B o

1 2 3 4 5

[Mopucricth Mi-

HEpaJIbHOI yac-

TUHU (KicTsIKa), %

3a 00’ eMOM 13,4 13,5 13,3 13,6

3aauIKkoBa

MOPHCTICTH, % 3a

00’eMoM 3,8 3,9 3,7 3,9

Bononacnuenns,
) k)

% 3a 00’ eMOM, 15 16 19 5 0
nabopaTopHUX

3pa3kiB

I'panurs min-
HOCTI TIPH CTHC-

Ky, MIla, npu,
°C:
20 3,1 2,8 3,5 3,2
50 0,9 0,7 1,2 1,0
Koeoirient
BHYTPIIIHBOTIO
TepTA 0,93 0,93 0,92 0,93

3uenieHHs Ipu
3cyBi mpu 50 °C,
MIla 0,17 | 0,16 | 0,23 0,18
I'pannms min-
HOCTI Ha po3Tsr

MIPY PO3KOJIi IPH
0°C, MIla
Koedimient

BOJIOCTIHKOCTI

[IPY TPUBAIOMY
BOJIOHACHYEHH1 0,92 0,91 0,92 0,91
IToka3HuK CTi-
KaHHA B’ S)Ky4Oro 0,07 0,10 0,05 0,09
Bwict 6itymy, % 55 54 57 55
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modulus among the fine-grained asphalt
concretes under research are typical for fine-
grained asphalt concrete (type B).

Table 3 — Properties of SMA-15

E ~—~

2 | 8 |[£2./8%2

S S o ¢S E

Property © 5 |SE|&%

% ) 88| o

o Z a © zZ =

(2] =z mn =

m N—r

1 2 3 4 5
Voids in mineral
aggregate, % by

volume 13.4 13.5 13.3 13.6
Alir voids content,

% by volume 3.8 3.9 3.7 3.9

Water saturation,
% by volume,
laboratory
samples
Compressive
strength, MPa, at,
°C:

15 1.6 1.9 2.0

20 31 2.8 35 3.2
50 0.9 0.7 1.2 1.0
Coefficient of
internal friction 0.93 0.93 0.92 0.93
Cohesion at shear

at 50 °C, MPa 0.17 | 0.16 | 0.23 0.18
Splitting tensile

strength at 0°C, 3.9 35 6.8 5.8
MPa

Coefficient of
water reistance at
long-term water
saturation 0.92 0.91 0.92 0.91
Binder draindown | 0.07 0.10 0.05 0.09
Bitumen content,
% 55 5.4 5.7 55
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IIponoB:xkenus: Tadaumi 3

1 2 3 4 5
MirmHicTh Ha po3-
TAT TIPH 3THHI,
MIla, nipu, °C:
0 3,9 3,5 4,9 4,4
10 2,8 2,5 3,7 3,2
20 1,7 1,6 2,4 2,1
0 1,0 0,9 15 13
Mopnynb
npyxHocrti, MI1a,
pu,°C:
0 3600 | 3200 | 4300 3900
10 2600 | 2100 | 3100 2800
20 1600 | 1100 | 2000 1800
30 900 600 1100 1000

HaBeneni B Tabmumi 3 pe3ynbTaTu JOCTIIKEHb
cBimuath mpo e, mo IIIMA-15 Ha ocHOBI OiTymy
BHJI 60/90 xapaktepu3yeTbcs OUIbII BUCOKUMHU
3HAYCHHSIMU TPAHUI MIIHOCTI TpPHU CTHCKY, Ha
pO3TAT TpU PO3KOII, Ha PO3TAT MPU 3TUHI Ta
MOIynsl TpykHOCTi, mopiBHsHO 3 I[IMA-15 Ha
ocHoBi Oitymy BHJI 90/130. Ilpu mninBuimieHH1
temmnepatypu Big 0 °C mo 30 °C cmocrepiraerbest
3MEHILEHHS 3HAu€Hb, SK TPAaHUIl MIITHOCTI TpHU
3TUHI, TaK 1 MOJYJS HPYKHOCTI JOCIIIKYyBaHUX
acanpToOeTOHIB. B mocmikyBaHOMY Jiana3oHi
temniepatyp IIIMA-15 wa ocnoBi 6itymy BHJ]
60/90 BnactuBi Oimpmi B 1,06 - 1,12 pasu
3HAYEHHS TPaHMIll MIIHOCTI pH 3ruHi Ta B 1,13 —
1,50 pa3u Oinblii 3HAYEHHS MOJIYIIB MPY>KHOCTI,
nopiBHsHO 3 IIIMA-15 nHa ocHoBi Oitymy BHJI
90/130.

Beenennst 4 % mobasku «Superplasty mo ckmany
IMA-15 BuKIHMKae 3pOCTaHHS  IOKa3HHUKIB
TpaHMIll MIIHOCTI TpPU CTHCKY, Ha PO3TAT TNpHU
pPO3KOJ, HA PO3TAT TMpPH B3TUHI Ta MOMIYJA
npyXxHocTi, nopiBHaHO 3 IIIMA-15 Ge3 noGaBku
«Superplasty.  AcdanbrobeToHy 3 100aBKOIO
«Superplasty  wa  o6itymi  BHJ] 60/90 B
JOCITIDKYBAHOMY Jlaria30Hl TeMIlepaTyp BIACTHBI
B 1,26 — 1,50 pa3u Oinplii 3HAYEHHS TpaHUI
MILHOCTI npu 3ruHi Ta B 1,19 — 1,25 pasu Ouibii
3HA4YEeHHS MOJYJIB MPYKHOCTI.

IIIMA-15 3 4 % no6aBku «Superplast» Ha ocHOBI
oitymy BHJI 90/130 B mocmimkyBaHOMY aiana3oHi
temneparyp Mae B 1,26 — 1,44 pa3u Ounbmii
3HAYEHHS TPaHUIll MIITHOCTI mpu 3ruHl Ta B 1,21 —
1,67 pasu O1IbIII 3HAYEHHS MOJYJTIB MPYKHOCTI.
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Continuation of Table 3

1 2 3 4 5
Bending tensile
strength, MPa, at,

°C:
0 3.9 35 4.9 4.4
10 2.8 2.5 3.7 3.2
20 1.7 1.6 2.4 2.1
30 1.0 0.9 15 1.3
Elasticity
modulus, MPa,
at,°C:
0 3600 | 3200 | 4300 3900
10 2600 | 2100 | 3100 2800
20 1600 | 1100 | 2000 1800
30 900 600 1100 1000

Research results presented in Table 3 indicate
that SMA-15 with bitumen BND 60/90 is
characterized by higher values of compressive
strength, splitting tensile strength, bending
tensile strength and elasticity modulus, compared
to SMA-15 with bitumen BND 90/130. When
raising temperature from 0 °C to 30 °C one can
observe reduction of values of both bending
tensile strength and elasticity modulus of the
asphalt concretes under research. Within the
accepted temperature range SMA-15 with
bitumen BND 60/90 is characterized by 1.06 —
1.12 times higher values of bending tensile
strength and 1.13 — 1.50 times higher values of
elasticity modulus, compared to SMA-15 with
bitumen BND 90/130.

Introduction of 4 % of additive “Superplast” to
the composition of SMA-15 results in increase of
values of compressive strength, splitting tensile
strength, bending tensile strength and elasticity
modulus, compared to SMA-15 without
“Superplast”. Asphalt concrete with “Superplast”
and bitumen BND 60/90 within the accepted
temperature range has 1.26 — 1.50 times higher
values of bending tensile strength and 1.19 —
1.25 times higher values of elasticity modulus.

SMA-15 with 4 % of additive “Superplast” and
bitumen BND 90/130 within the accepted
temperature range has 1.26 — 1.44 times higher
values of bending tensile strength and 1.21 —
1.67 times higher values of elasticity modulus.
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BucnoBok

Pe3ynprati BUKOHAHUX JOCHIKEHb IMOKA3YIOTh,
oo cepen  AOCHiKeHUX acdaabTOOETOHIB Ha
OCHOBI  OiTyMiB  pI3HMX MapoK HaWOuIbII
MMOKAa3HUKH MIIHOCTI BJIACTHBI JAPIOHO3EPHUCTOMY
acdanproberony tuny b, a maiimenmi [[[MA-15.
Beenenns no cknany acaibToOETOHHUX CyMIIIeH
nojiimepHoi  00aBku  «Superplasty 3abesmneuye
3pOCTaHHS SIK IMOKA3HUKIB TPaHUIll MIITHOCTI TPH
CTHUCKY, TaK 1 pO3paxyHKOBUX XapaKTEPUCTUK BCiX
JOCITIKYBAaHUX ac(aabTOOETOHIB.
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Conclusion

The results of the research demonstrate that
within the accepted asphalt concretes based on
bitumen of different grades the highest values of
strength are observed for fine-grained asphalt
concrete type B, and the lowest — for SMA-15.
Introduction of polymer additive “Superplast” to
the compositions of asphalt concretes provides
increase of both compressive strength and design
characteristics of all asphalt concretes under
research.
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YK 625.7/.8:338
3aBoporunii C.M.

MOHITOPHUHI' IIOKA3HHUKIB AKOCTI JOBI'OCTPOKOBHUX
KOHTPAKTIB HA YTPUMAHHS ABTOMOBIJIBHUX JOPII’

AHoTauisi. B naniii cTarTi po3riasgaroThCs MUTaHHS, ITOB’A3aH1 3 MOHITOPUHTOM TMOKA3HUKIB SIKOCTI
JIOBrOCTPOKOBUX KOHTPAKTIB, 3aCHOBaHMX Ha KiHIeBux nokasHukax (JKKII). Bukonano anaii3
knacudikamii MOHITOPHHTY Ta HOrO OCHOBHMX BHUAIB. BU3HaueHi BHMKOHABIII MOHITOPUHTY 1
MEPIOUYHICTh HOro mpoBeneHHs. KOpOTKO pO3IsSHYTO MHUTAHHS IOB’S3aHI 3 CTUMYJIIOBAHHSIM
poOOTH BHKOHABIISI KOHTPAKTY, 30KpeMa HakIaJaHHs mrpadiB 3a HEIOTPUMAHHS YMOB KOHTPAKTY
(TTOKa3HMKIB SIKOCT1) Ta HaBEICHUH MPUKJIIA]] iX pO3MipiB B ApreHTHHI.

OO0’€eKT TOCTIHKEHHS — IOBFOCTPOKOBI KOHTPAKTH, 3aCHOBAHI Ha KIHIIEBUX MTOKa3HUKAX

(mamami - JIKKIT).

[Ipeamer nocnimxkenns — monitopuar JIKKII.

Meta AOCHiKEHHST — MpoaHali3yBaTH OCHOBHI CIIOCOOM MOHITOPWHTY IOKa3HUKIB SKOCTI JUISA
e(pEeKTUBHOTO BUKOPUCTAHHS JIOBIOCTPOKOBUX KOHTPAKTIB, 3aCHOBAHUX Ha KIHIICBUX MOKA3HUKAX B
TOPOXKHIM ramy3i YKpainu.

Metoau TOCTIKEHHS — aHATITUYHHI.

Kiro4oBi cioBa: JOBroCTpOKOBI KOHTPAKTH, 3aCHOBaHI Ha KIHIIEBMX ITOKA3HHMKAaX; MOHITOPHUHT;,
MOKA3HUKH SIKOCTI; NeeKTH; MAPIATHUK; 3aMOBHUK; BUKOHABEIIb.

UDC 625.7/.8:338

Zavorotnyi S.M.
MONITORING OF OUTPUT PERFORMANCE BASED ROAD
MAINTENANCE CONTRACTS

Abstract. This article addresses issues related to monitoring Output Performance Based Road
Maintenance Contracts (OPRC). Analysis of classification monitoring and its the main types.
Defined responsible for monitoring and the periodicity of its. Briefly discussed issues related to the
stimulation of the performer of contract, including the imposition of fines for failure to comply
contract terms (performance indicators) and shown the example of their size in Argentina.

The object of study — Output Performance based Road Contracts. (in the future - OPRC).

Subject of study — monitoring of OPRC.

The purpose of the study — analyze the basic ways of monitoring of performance indicators for
effective use of Performance Based Road Contracts in the road sector in Ukraine.

Research methods — analytical.

Key words: output performance based road maintenance contracts; monitoring; performance
indicators; defects; contractor; customer; performer.
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YK 625.7/.8:338

3aBopoTtHsiil C.M.

MOHUTOPHUHI MMOKA3ATEJIEA KAYECTBA JIOJATIOCPOYHBIX
KOHTPAKTOB HA COAEP KAHUE ABTOMOBUWJIBHBIX TOPOI'

AHHoTanms. B 1aHHON cTaThe paccMaTpUBAIOTCS BOIIPOCHI, CBSI3aHHBIE C MOHMUTOPHUHIOM MOKa3aTenei
KadecTBa JOJTOCPOYHBIX KOHTPAKTOB, OCHOBAaHHBIX Ha KoHeuHbIX mokazarensix (JIKKII). Beimonnen
aHaJIN3 KJIACCU(PHUKAUU MOHUTOPUHTA U €r0 OCHOBHBIE BUIbI. OnpeiesIeHbl HCIIOTHUTENIN MOHUTOPUHTA
U TEpPUOJNYHOCTh €ro mnpoBeneHus. Kparko paccMOTpeHbl BOIPOCHI, CBSA3aHHBIE CO CTUMYJIUPOBAHUEM
paboThl HCIIONHUTENSI KOHTPaKTa, B TOM 4YHUCIIE HaJOXEHHE IITpaoB 3a HECOOJNIOJIEHUE YCIOBHIA
KOHTpaKTa (Ioka3aTesiell KauecTBa) U MPUBEACH MPUMEP HX pa3MepOB B ApreHTHHE.

OOBeKT uccie0BaHus — I0JITOCPOYHBIE KOHTPAKThI, OCHOBaHHBIE HA KOHEUHBIX moka3zarensx (AKKII).

IIpenmer uccnenoBanus — mouuropur JIKKII.

HCHB HCCIICAOBAHUS — IIPOAHAJIM3UPOBATL OCHOBHBIC CIIOCOOBI MOHUTOPHHIA MoKazaTteliel KauecTna JIIA
3(1)(1)€KTI/IBHOFO HCIIOJIb30BAHUA OOJITOCPOYHBIX KOHTPAKTOB, OCHOBAHHBIX HAa KOHCYHBIX IIOKA3aTCIIAX B

JIOPOKHOU OTpaciau Y KpauHbI.
MeTopl uccieq0BaHNs — AaHATUTHYECKUH.

KarwueBble ci1oBa: AOJITOCPOYHBIC KOHTPAKTBI, OCHOBAHHBIC Ha KOHCYHBIX IMOKA3aTCJIAX; MOHUTOPHHI;
IIOKa3aTC/IM Ka4€CTBaA, I[e(i)EKTBI; noApsAAYUK; 3aKa34rK; UCIIOJTHUTCIIb.

ITocTanoBka npoodJiemMu

BigmoBigHo g0 mpouecy pedopmu cuctemm
JEpKABHOTO  yNpPaBIIHHS aBTOMOOUTBHUMH
JIOpOraMHy 3arajlbHOTO KOPHCTYBaHHS B YKpaiHi
CIIOCTEpIraeThCsl  MOCTYNOBUM  mepexi  Bij
TPAOUIIIHHUX ~ KOHTPAKTI  eKCIUTyaTallliHOTO-
yTpUMaHHSA aBTOMOOUIBHUX Jopir 10
JOBIOCTPOKOBHX KOHTPAaKTiB, 3aCHOBAaHMX Ha
KiHIIeBUX TMoka3Hukax (Hamam - JKKII) [1].
JlaHu#t THUO  KOHTPAKTIB  BIAPIZHSAETHCS  BIf
MOMEPETHBOI0 THUM, LI0 TOJOBHUM KpUTEpPiEM
omiHku Oyne He oOcar BHKOHaHOI poOOTH, a
HQJIEKHUHA piBEHb IOKa3HUKIB  SIKOCTI, fKi
BU3HAYAIOTHCS HA CTAJil po3poOKH KOHTpakTy [1].
Buacnigok mporo med minxiag motpedye 30BciM
IHIIIOTO BITHOIICHHS IO MPOIECY YIPABIIHHS Ta
KOHTPOJIO TPOIEAYPU MPUUHATTS KOHTPAKTY Ta
MIPOBEJICHHS POOIT.

Jlnia 3abe3nedeHHs sKiCHOI 1 eheKTUBHOI poOOTH

JKKIT mnorpiOHO BUKOHYBaTHM  MOHITOPHHI
MMOKA3HUKIB  SKOCTI. 3a  JONOMOIoOr  Iii€l
npolenypu KOHTPOJIIOETHCS BiJIOBI/THICTh

HaJaHUX MOCIYr 1 3a0e3MeuyeThCsl MOMKIMBICTD
MIPOTHO3YBAaHHS PO3BUTKY MOJil, IO J103BOJISE
BUKOHYBATH 3aXOJH JJIsl yTPUMaHHS JOCTaTHHOTO
piBHS  TOKAa3HMKIB  SIKOCTI Ta  YCYHEHHS
MOXJIMBOCTI ~ iX 3HW)KCHHS 32  JIONMyCTHMI
MMOKa3HUKH BKa3aHi B KOHTPaKTi [2].

ToMmy MOHITOPHMHT MOTpPeOy€e BEIMKOTO JOCBinY,
BpaxyBaHHS 3HAYHOI KUIBKOCTI acleKTiB Ta
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Formulation of the problem
According to the process of reform of the
system of state administration of motor
roads of General use in Ukraine there is a
gradual transition from traditional contract
maintenance and maintenance of roads to
Output Performance Based Road
Maintenance Contracts (in the future -
OPRC) [1]. This type of contracts differs
from previous ones in that the main criterion
is not the amount of work done, and the
appropriate level of quality indicators,
which are determined at the stage of
contract drafting [2]. Consequently, this
approach requires a completely different
attitude to the process of control and
monitoring procedure for the adoption of
the contract and the work.

To ensure quality and efficient work OPR(
need to monitor performance indicators. Witt
this procedure, is possible to contro
compliance services rendered and provide the
ability to predict future developments tha
allows to perform maintenance activities for
sufficient level of performance indicators anc
eliminate opportunities of their lowering the
permissible indicators specified in the contrac
[2].

Therefore, monitoring requires a lot o
experience, given the significant number o
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e(pEeKTHUBHOI  YNPaBIIHCHKOI  TiSUIBHOCTI  JUIA
HOpPMaJIbHOI POOOTH TPOEKTY, OCOOJMBO Ha
MOYaTKOBUX eTamax BIIPOBAKEHHs (peasizallii)
JKKII [1].

AHAaJIi3 OCTAHHIX JT0CTiIXKeHb i myOJaikaii
[Tinuac aHamizy OCHOBHHUX JOCHIDKEHb Ta
nyomikamid  Oylo  BU3HAYEHO, M0 JaHUM
[MUTAaHHSAM 3aliMalucsa Takl JOCHigHUKU sK: H.
CrankeBuu, A. S. Al-Kathairi, Z. Alyami Ta ixmi.
Benuky yBary gaHoMy — nuTaHHO — OyJo
MPUCBIYCHO B METOJUYHHUX PEKOMEHIAIISIX 3
VIpaBIiHHA CTAaHOM aBTOMOOUIBHHMX JOpIr Ha
OCHOBI JIOBFTOCTPOKOBHX KOHTPAKTIB 3 MOTOYHOTO
OpiOHOTO pPEMOHTY Ta YTPUMaHHS JOpIr 3a

MOKa3HUKOM  PpiBHA  1X  0OCIIyroByBaHHS,
po3poonmkamu  skux  e:  OJl  Kanin,
A.M.XapueHko.

ITocTanoBKa 3aBIaHHA
3aBmaHHAM 1€l CTaTTi € po3risiA Ta aHali3
ocHoBHUX BuAiB MoHiTopuHry JIKKII Ta ymoOB
Horo mpoBeeHHsS. A Tak0XX BU3HAYEHHS MOTpeOU
CTBOPEHHS CHCTeMH IITpadiB Ta MPEMIFOBAHHS
BHUKOHABIIS.

BuKJ/1a1 0CHOBHOIO MaTepiajy
JUis  Kpamoro po3yMiHHS JITAaHOTO  MHTaHHS
CIOYaTKy TMOTPIOHO Kpalle 3pO3yMITH 3HAYCHHS
HNOHATTS «MOHiTOpHHr» B (opmari JIKKII Ta
TOPOXKHBOTO TOCTOAAapCcTBa 3araynioM. s mporo

po3risiHEMO  Horo  HaMOIBII  MOMIMpEHi
BU3HaueHHs [3, 4]:
1) MoHiTOopuHT — TIe Oe3nepepBHUN IpoIec

CIIOCTEPEXKEHHS 1 peecTpallii napamerpiB 00'eKkTa,
B MIOPIBHSHHI 3 3aJaHUMHU KpuTepismu [3].

2) MOHITOPHHT - II¢ KOMIUICGKC HayKOBHX,
TeXHIYHUX, TEXHOJOTIYHUX, OpraHI3aIliiHUX Ta
THIITHX 3aco0iB, K1 3a0€31e4yIoTh

CUCTEMAaTUYHUN KOHTPOJb (CTEKEHHS) 32 CTAHOM
Ta TEHJICHIIIMH PO3BUTKY CUCTEMH, sIKa MiJIsATrae
KOHTpOJIIO [4].

3) MouitopuHr - cucrema 300py/peecTpariii,
30epiraHHs Ta aHaji3y HEBENIUKOI KiTbKOCTI
KJTFOYOBHX (mpstMux abo HETPSMUX )
O3HaK/IapaMeTpiB OIHUCY JaHOTO O00'€KTa IS
BHHECCHHS CY/DKCHHsI TIpO  TOBEMIHKY/CTaH
na”oro o0'exra B oMy [3].
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aspects and effective management of th
activities for normal operation of the project
especially in the initial stages o
implementation (execution) OPRC [1].

Analysis of recent research and
publications

During the analysis of the basic research
and publications, it was determined that
with this issue engaged in researchers such
as: N. Stankevich, A. S. Al-Kathairi, Z.
Alyami and others. Much attention has been
devoted to this issue in Methodical
recommendations of management of roads
performance based long-term contracts with
the current minor repairs and maintenance
of roads in terms of level of their service
[2], developers which are: Kanin A.P.,
Kharchenko A.N.

Setting objectives
The task of this article is to review anc
analyze the main types of monitoring OPR(
and conditions for its implementation.
And also identifying the needs creating a
system of penalties and bonuses performer.

The main material
For a better understanding of this issue first
need to better understand the meaning of
"monitoring” in the format of OPRC and
road sector in general. For this we consider
its most common definition [3, 4]:

1) Monitoring — a continuous process of
observation and registration parameters of
the object, compared with to the set criteria

[3].

2) Monitoring — a set of scientific, technical,
technological, organizational and other
means, which ensure a systematic control
(tracking) the state and tendencies of
development of the system, which is subject
to control [4].

3) Monitoring — collection system or
registration, storage and analysis of a small
number of key attributes / parameters (direct
or indirect) of describing the object for
making judgments about the behavior
condition of the object as a whole [3].


https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BD%D0%B4%D0%B5%D0%BD%D1%86%D1%96%D1%8F
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Otxe MonitopuHr nmoka3zHukiB sikocti B JIKKIT —
e mporec 300py, peecrparii, 30epiraHHs Ta
aHaJi3y IIOKAa3HUKIB  SIKOCTI  aBTOMOOLIbHOT
JOPOTH 32 JOMOMOTOI KOMIUIEKCY HAayKOBHX,
TEXHIYHUX, TEXHOJOTIYHUX OpraHi3aliifHuX Ta
IHIIMX 3aco0iB, 3 METOI IX MOJAIBIIOrO
MOPIBHSIHHSI 3  yYMOBaMH  KOHTPAaKTy,  JUIsS
KOHTPOJIO  Tpolecy  peamizamii  MPOEKTY,
peryioBaHHs POOOTH BHKOHABISI Ta HaJaHHS
AKICHUX  TOCIYr  KOpHCTyBauaM  Mepexi
aBTOMOOUIBHUX JIOPIT.

Ha TepUTOPIi VYkpainu HOPMaTHBHUM
JOKYMEHTOM, IO perjiaMeHTye BHMOTH [0
MOHITOPUHTY Y JIOPOKHHOMY TOCIIOJApCTBI €
JACTY  3587-97, I1T.1-218-113:200 [2].
Mounitopunr JKKII moxna kmacudikyBatu 3a
JIBOMa O3HAKAMM: BHKOHABIIEM 1 MEPIOAMYHICTIO
foro nmpoBeaeHHs (pUCYHOK 1).

MOHITOPHHT TIOKa3HUKIB SKOCTI MOXKE OyTH
BUKOHAaHUN TPbOMa HACTYIHHUMHU BHKOHABISIMU

[2,5,6]:
1. MOHITOPHUHT IMAPIIHUKOM.
B nmamomy BHmanky TiAPSIHUK — [TOBUHEH

HaJaBaTH 3aMOBHUKY HIOMICAYHI Ta Pi4yHI 3BITH
PO pe3yabTaTH IisIbHOCTI. [ BIIEBHEHOCTI B
NPaBUIBLHOMY BUKOHAHHI OLIHKU (MOHITOPHHTY),
3aMOBHHK MOJKE TPHEIHYETHCS JIO0 BUKOHABIIS
migyac 300py JaHuX (IPOBOJAUTH BHOIPKOBI
MEepPEBIPKH). 3a JOMOMOTOI0 TaKUX i 3aMOBHHK
Oyze BIEBHEHUIl B TOMY, IO MIAPSJHHUK MOJA€E
HaJEeKHY JOKYMEHTAIllo, B SKIH TPUCYTHA
JOCTOBIpHA iH(opMaIlis.

3HAYHOIO TEPEeBarol0 TAKOro MIAXOAY € Oulblia
€KOHOMIYHICTh B TIOPIBHSIHHI 3 IHITUMHU METOJAMH
Ta 3MIIHEHHS TMapTHEPChKUX BIAHOCUH MIXK
CTOPOHAMH.

2. MOHITOPHHT 3aMOBHUKOM.

Ileit  MoHiTOpMHI  mependayae  BHUKOHAHHS
MEepioIUYHUX MEPEBIPOK Mepexi 3aMoBHUKOM. Ha
JO0JATOK /10 KX JiH, 3aMOBHHK MOXeE

BKJIFOUHTH BHUIAJKOBI (HEOTrOJIOLIEH]) 1HCHEKI.
AJe Ha BiIMIHY BiJl IONIEPETHBOTO CIIOCO0Y, KOIU
3aMOBHUK BHKOHYE JIaHy pOOOTYy 3 BUKOHABIIEM 1
BITHOCHHM MK HUMHU TUIBKU MOKPAIIYIOThCS, eH
I1X1]1 BKJIIOYAE MOSABY MPEICTaBHUKIB 3aMOBHHKA
6e3 momepemkeHb. Lle Moxke  HeraTuBHO
B1/100pa3uTUCS Ha BIAHOCHMHAX MK yYaCHHKaMH,
aine 3aMoBHHUK Oyne Ha Bci 100% BneBHEHHI B
SIKOCTI POOOTH 1 JOCTOBIPHOCTI JaHUX. Xoua
MaHu{ Mmiaxig Mae 3HadYHUi HENOJIK, MHOro
IIPEBAarol0 € 3HWKEHHA PU3MKY 3aMOBHHUKA 1
3a0e3neueHHs] ~ TOYHUMH  JaHUMH  IIOJIO
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So monitoring of performance indicators in
OPRC - is a process of collecting, recording,
storing and analyzing quality indicators of
road by means the complex of scientific,
technical, technological, organizational and
others for control the process of project
implementation regulation of the performers
and provide quality services to users of the
road network.

In territory of Ukraine the normative
document, which regulates the monitoring
requirements in road sector is GOST 3587-
97, P H.1-218-113:200 [2]. Monitoring
OPRC can be classified according to two
criteria: the contractor and the periodicity

(figure 1).
Monitoring quality indicators can be
performed following three performers
[2,5,6]:

1. Monitoring by contractor.

In this case, the contractor must provide the
customer monthly and annual reports about
results of work. To ensure a correct
performance evaluation (monitoring), the
customer joins the contractor at the time of
data collection (conducting spot checks).
With these actions the customer will be sure
that the contractor delivers the proper
documentation in which there is reliable
information.

A major advantage of this approach is that it
is more economical compared to other
methods and strengthening partnerships
between the parties.

2. Monitoring by customer.

This monitoring involves performing by
road agency periodic inspections of road
sections. In addition to these actions, the
customer can include random
(unannounced) inspections. But unlike the
previous method when the customer carries
out this work with the performer and the
relationship between them only improved,
this approach involves the appearance of
representatives of the customer without
notice. It may have a negative impact on the
relations between the parties, but the
customer will be 100% confident in the
quality of work and reliability of the data.
While this approach has a significant
drawback, its advantage is reducing the risk
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MOKa3HHUKIB SKOCTI 1 CTaHy OOCIyroByBaHOi

Mepexi

3. MOHITOPHHT HE3AJIEKHOK CTOPOHOIO.
OcranHiil mWiAXig NpoOIOHYye, Ui TMPOBEACHHS

MOHITOPHHTY, BUKOPHCTOBYBATH HOCITYTH
HE3QJIEKHOI TpeThol CTOpOHU. JlaHuil MeTox
3abe3mneuye HaWOLIBITY 00'€eKTUBHICTH
MOKAa3HUKIB 1 YHEMOXJIMBIIOE BHHUKHEHHS

KOH(IIKTHUX CUTYalliid, [0 MOKYTh BILTHHYTH Ha
akicTb poOortu. lle Takox 3anumiae Micue ams
PO3BUTKY CHUJIBHHMX MApTHEPCHKUX BIJHOCUH, TaK
K Tsrap IMepeBipok Oepe Ha ceOe He3aIeKHUH
OLIIHIOBAY, MPOTE MOPSA 3 IUM 30UIBIIYEThCS
BapTiCTh POOIT.

BianmosigHo 10 MeTonuuHux pekoMeHanii [2] B
VkpaiHi 3a TEpiOAWYHICTIO MOHITOPHHT JIJIst
BukoHaHHs KoHTpakTiB JIKKII noxinserscs Ha:

- HIOMICSIYHUIT  MOHITOpUHT  (Tependadae
BUOIpKOBY niepeBipky 10 % mepexi);

- HIOTIKHEBUI  MOHITOpHHT  (TIependavae
MepeBipKy BUMATIKOBUX 5 % Mepexi);

- M03aIUIAHOBUN MOHITOPUHT (BUKOHYETHCS
3 METOI0 KOHTPOJIOBaHHA POOOTH MIAPAIHHUKA Y
pa3i BeNMKOI KIUJIBKOCTI CKapr KOpPUCTYBadiB
Mepexi);

- JIOJTATKOBUN  MOHITOPUHT  (BUKOHYETHCS
U1l IEpEBIPKH SKOCT1 BUITPABIEHUX HEJOJIKIB).
[IpoBenenmit MOHITOPUHT 3a0e3neuye
BU3HAYEHHA: SAKOCTI pOOIT; piBHA Oe3nexy;
€KOHOMIYHY €(EeKTHUBHICTh; EKOJOTIYHUHN CTaH;
piBEHb HAaJJaHUX MOCIYT TO 10 [2]. Takox BeIUKy
yBary Mpu HPOBEJAEHHI MOHITOPUHTY MOTPiOHO
3BEpHYTH Ha BIATYKM KopHcTyBauiB. Takum
YMHOM CHCTEMa TIOBHHHA MaTH HaJaro/DKeHUH i
po30puil amapar 3B’SI3Ky 3 CYCIIJIbCTBOM, IO
MOYKE [OIIOMOITM BYAaCHO 3HAWTH HEIONIKHA 1
MOPYIICHHS.

Bci ngani moHiTOopuHTY, a TakoX (OTO 1 Biieo
MaTepiaii  BUKOPHCTOBYIOTh JUISL  CKJIaJaHHS:
3BITIB, aKTIB BHKOHaHUX poOIT, ¢GoTo 1 Bimeo
3BITIB Ta 1HIIOI JOKyMeHTalii mnepeadauyeHoi
KOHTPAKTOM (HAaNpHUKIAJ: 3BIT MPO €KOJOTIYHUHN
CTaH MEpeXi; piyHUil 3BIT 00CTeXeHHS T.II.) [2].
Ha ocHoBi 111€1 JOKYyMEHTAIlli 3aMOBHUK aHAJI3ye
SAKICTh POOOTH BUKOHABIL 1 JOTPUMAHHS HUM
YMOB KOHTpaKTy. SKII0 MiIpsSAHUK J0OPOCOBICHO
BUKOHYE CBOi 0OOB’SI3KM BiH NPOJOBXKYE HiSTH B
TOMY X PEXKHUMI.
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of the customer and provision of accurate
data regarding the quality and condition of
the serviced network.

3. Monitoring by independent appraiser.

The latter approach proposes for the
monitoring, to involve an independent third
party. This method provides the most
objective indicators and prevents conflict
situations that may affect the quality of
work. It also leaves a place for the
development of strong partnerships, as the
burden of inspections takes on the
independent appraiser, but cost of works can
increase.

According to the Methodological guidelines
[2] in the Ukraine for frequency of
monitoring for OPRC contracts is divided
into

- monthly (spot check 10 % of the
network);

- weekly (checking a random 5 % of
the network);

- additional (in the case of constant
user complaints);

- unplanned (to check the quality
correction of deficiencies).

The conducted monitoring allows definition:
quality of work; level of safety; economic
efficiency; environmental condition; the
level of services provided, etc. [2]. Also a
lot of attention during the of monitoring
should be paid to user feedback. Thus the
system should have adjusted and a
transparent communication apparatus of
society that may help in time to find flaws
and violations.

All the monitoring data, and video and photo
materials used for compilation of: reports of
acts of performed works, photo and video
reports and other documents stipulated in the
contract (for example, a report on the
ecological state of the network, the annual
report of inspection, etc.) [2]. Based on this
documentation, the customer analyzes the
quality of work of the contractor and
compliance with the terms of the contract. If
the contractor performs his duties in good
faith, he continues to act in the same mode.
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Pucynok 1 — Knacudikaris monitopunry [2,5,6]

3a TNepeBUKOHAHHS pPOOOTU MIAPSIHUK MOXKE
OTpPUMATH MPEMI0, SIKIIO 1€ 3a3HaYEHO B yMOBax
KOHTpakTy. B pa3i HeraruBHOTO BHKOHAHHS
poOOTH BiH MOBUHEH OyAe HerailHO YCYHYTH
nepextu. 3a HeSIKICHY poOOTy 1 HeBYacHe
BUMIPABJICHHS HEJOJIKIB BHKOHABEIb MOXE
onepxkatu mrpad B po3Mipi, SKUM BKa3aHUH B
KOHTPAKTI.

3a3Buyail, B TpaAULIMHUX KOHTpaKTax, IITpadu
He TiependaydaroThes, ajue TaKui MiaxXia 301IbIrye
PU3MK 3aMOBHUKA 1 He 3a0e3medye MO>KJIMBOCTI
MOKapaHHs BHUKOHABI, B pasl IOTaHO 4YH
HeBYacHO BHUKOHaHuX po6ir. Tomy B JKKII

PEKOMEHIYEThCSI ~ BUKOPHCTOBYBATH  CHCTEMY
mrpadis, AKa 3a0e3Me4YnTh (biHaHCOBY
BIJIITOBIAAIbHOCTI BUKOHABIIA [7].

[TepenbauaeTncs, mo  mTpadu  TOBUHHI

3aCTOCOBYBATHUCS 32 HEAOTPHUMAHHS TOKA3HUKIB
sSKoCTi. 3a3Buuail mrpady HE HAKIATAIOTHCS Ha
MPOTSA31 TEPIIUX MICAIIB MiCHs ITiIUCAHHSI
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Classification of
monitoring
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Figure 1 - Classification of monitoring

For exceeding work, the contractor may
receive the award, if specified in the terms
of the contract. In case of a negative
implementation of work he should be
immediately eliminate defects. As a result of
substandard work and failure to correct
deficiencies performer can receive a fine in
the amount specified in the contract.

Usually, in traditional contracts, penalties
are not provided, but this approach increases
the risk of the customer and does not
provide the possibility of punishment
performer, if poorly or not timely completed
works. So in OPRC recommended to use a
system of fines, which will provide financial
responsibility of performers [7].

It is assumed that the fines should be used
for failure to comply performance
indicators. Typically, fines are not used
during the first months after signing the
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KOHTpPAaKTy, s O3HAalOMJIGHHS 3  HUMH
BUKOHaBII. lle  3a0e3neuye  MOXKIUBICTB
BUIIPABJICHHA  IMOMHJIOK  BUKOHaBIEM,  0e3
(hiHaHCOBHX BTpAT.

SIKIIo miyac MOHITOPHHTY Ha MPOTS31 JEKITBKOX
pokiB (B YkpaiHi 2-X) 3a BUKOHABIIEM IOMIYEHI
MOCTIAHI ~ HEAONIKM, a 1X  BHIPaBJICHHS
BUKOHYEThCS HEBYAaCHO, 3aMOBHHMK Ma€ BCi
miCcTaBU Ui PO3ipBaHHS  KOHTPAKTy 1
MPUIIMHEHHS CHIBIpalll 3 BHUKOHABIIEM HaBITh
SKIIO TEPMiH Iii KOHTPAKTy HE 3akiHuuBcs [2].
[Tpuknan po3mipiB mTpadiB B ApreHTHHI CTaHOM
Ha 2004-2005 pp. HaBeneHO B Tadnuili 1.

Tabmmus 1 - Irpadu 1npu  yrpumanHi
aBTOMOOUTBHUX Jaopir B Aprentuni, 2004-2005
pp. (aganroBano 3 [8]

Po3mip
Ne .| mrpa
ITapameTpu [Toka3HuKH SIKOCTI pagy,
TLII. Jonap
CIIA
1 2 3 4
~
¥a)
1 Buboi VYcyneni oE =
. nOOTHU
na 100 % s =
[«
wv
Pozmapysa- En
HH$ acaynbTo- YcyHeHo S 8 s
2. 0 o 5 £
OGETOHHOTO Ha 100 % N é
MTOKPUTTSI E
Buboinu 3 =
. &
PO3MIApYBaHHsM E
. BIICYTHI.
V36iuus 3 ey =
3. PyitnyBanHs 2
MOKPHUTTSIM o . g
KPOMOK-BI/ICY THI E
TpinwaN ycyHeHi s
Ha 100 % ak
BincyrHicTb
epo3ii Ta KOJIii.
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JOCTaTHiH §
. MOTepeYHHA =
VY36iuust 6e3 p =
4. TIOXHJL. %
MTOKPUTTSI Pyii g
YVIHYBaHHS E
KPOMOK He =
Oinpie 2 cm. b
[Hupuan y36id4s
outbIe a00=3 M
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contract, to enable adaptation contractor.
This provides the possibility of correcting
errors by the contractor, without financial
losses.

If during the of monitoring for several years
(in Ukraine 2 years) the contractor exercised
errors and their correction is done in bad
time, the customer has every reason for
contract termination and the termination of
cooperation with the contractor even if the
term validity of the contract has not expired
[2]. Examples of fines which ware used in
Argentina in 2004-2005 years are shown in
Table 1.

Table 1 -Example of fines in Argentina in
2004-2005 years (adapted from [8])

Amount]
Position Performance Of the
Parameter . fine,
number Requirements us
dollar
1 2 3 4

1. Pothole 100% patched

500/day/
pothole

Stratificatio

%
2. n of asphalt eliminated $ £
100% S
pavement re}
N
Pothole/ravelin
e
g-havent. Edge <
3 Shoulder break-havent. o
' coated Cracks =
eliminated S
100% o
No erosion, no
rut, good
=
Curb transversal X
; slope. Edge S
4, without o
cover break no more 3
than 2 sm. 3
Shoulder width o
more or =3 m.
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IIponoB:keHHs Tadaumi 1

1 2 3 4
Bucora e o~
OTJIsT 33 . = A
5. If( - Oimpmie 15cmua | & T 8
. ~
Y npoTszi 15 m =
OuuIeHus Jo6pe oumnmieri
JpeHy0u0i JpeHyoui 5 \E
6. CHCTEMH Ta CUCTEMH Ta D g
npuOupaHHs Oe3rnepenKoTHuI =4
MOCTIB PYX IO MOCTY
BincyrtHictb Oynb
[Ipubupanus ACYTHICTS DY - 2
SIKOTO CMITTSI, Ta S
7. CMYTH . o 2
. miaTpuMKa N E
BiZIBEJICHHS . =
3€JIeHOI 30HU
B rapromy craHi, =
BeprukansHa PO3Mi3HAETHCS B = 2
8 . - L Q2
po3MiTka JCHHUI Ta HIYHUH 5
qac N
[_4
, =
9. OcBiTneHHS B rapromy crani 3 2
(0]
S¢

BucHoBknu
B VYkpaiHi JOKyMEHTOM SKWH BKa3ye BHUMOTH
o0 MoHiTopunry € ICTY 3587-97, I[1T.1-218-
113:200. BignoBiiHO 10 TOr0 XTO BHUKOHYIO
MOHITOPHUHT ICHYIOTh TaKi TPH TUIIM MOHITOPUHTY
K  MOHITOPUHI  MIAPSIHUKOM, MOHITOPHHT
3aMOBHMKOM Ta MOHITOPHHI TPETHOIO CTOPOHOIO

(mezanexxHuit  omiHooBady). B VYkpaini  3a
MEPIOUYHICTIO  3alpPONOHOBAHO  MPOBOJIUTH
IIOMICAYHI,  IIOTH)KHEBI,  II03aIUIaHOBI  Ta

J0JaTKOBI MOHITOPUHTH.

JIist cTUMYITFOBaHHS SIKICHOT pOOOTH TiApSITHUKA
B /JIKKII mnotpibHo mnepeabavatu cucteMy
mrpadiB Ta IpeMiIOBaHHS. 3a HESIKICHY poOOTy Ta
HEBYACHE BHUIpaBJICHHS Ae(eKTiB Ha MpoTs3i 2-X
POKiB 3aMOBHHK MOKe NPUTTHHATH
CHIBMPAIIOBATH 3 BUKOHABIIEM.

Penenszentn:

Continuation of Table 1

1 2 3 4
. Height no more = x
5. Ezr&%rf]g; than15cmata | S &
distance of 15m | © =
Cleaning Well cleaned
draining draining system - E
6. systems and unhindered | R <
and traffic on the NZ
bridges bridge
Cleaning No debris; - E
7. of Right- | maintaingreen | 3
of-Way areas NE
In good S
8 Vertical condition, and g
' Signs visible_ day and féﬁ
night =
9. | Lighting In good T
' condition =y
Lo
Conclusions
In  Ukraine documents that indicates

requirements for monitoring is GOST 3587-
97, P H.1-218-113 200. Accordingly, to the
one who performs the monitoring, the
following three types of monitoring as:
monitoring by contractor, monitoring by
customer and monitoring by third party
(independent appraiser). In Ukraine, the
periodicity proposed to carry out: monthly,
weekly, unplanned  and  additional
monitoring.

To encourage high-quality work of the
contractor in OPRC need to provide a
system of penalties and bonuses. For
substandard work and failure to correct
defects within 2 years the customer can stop
the work of the performer.
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VJIK 388.1

Lnasm C.1., Tumomyk O.1O.

JOCJIIKEHHS BAPTICHUX ACIIEKTIB BY AIBHULITBA
OEMEHTOBETOHHHUX JOPOKHIX IOKPUTTIB

Anotania. TeHneHuis A0 30UIbIIEHHS IHTEHCUBHOCTI pyXy Ha aBTOMOOIIBHHX JOPOrax 3aralbHOro
KOPHCTYBaHHsS Ta HAaBaHTaKEHHS HAa BICh TPAHCIMOPTHHX 3ac00iB, 3MYyIIy€ HAYKOBIIIB JOPOXKHBOI Traimysi
PO3pOOIATH HAYKOBO-OOTPYHTOBAHI METOAM IS 30€peXeHHs iCHYI0UOi Ta PO3BUTKY HOBOI TPaHCIOPTHOI
Mepexki Ykpainn. OgHUM i3 MOXJIMBMX BapiaHTIB Il BHPIIICHHS TaKuX 3a7ad € OyJiBHHIITBO
ABTOMOOITFHUX JIOPIT 13 KOPCTKUM (IIEMEHTOOSTOHHUM) MOKPUTTAM. AJjie Oynb-fike pillleHHS Mae OyTh
oOTrpyHTOBaHe 3 ypaxyBaHHAM TEXHIYHUX Ta €KOHOMIYHUX CKIAJOBUX. B maHill cTaTi HaBeIeHO pe3ynbTaTH
JOCIIPKEHHSI BapTICHUX acMeKTiB OyIiBHUITBA IEMEHTOOETOHHHUX TOPOKHIX MMOKPHUTTIB.

OO0’ €T AOCIIHKCHHS — KOHCTPYKIIiT JOPOKHBOT'O OJISTY aBTOMOOIIBHOT JIOPOTH Pi3HUX THITIB.

Merta poboTH — BH3HAYEHHS AOIUIBHOCTI OyMiBHHIITBA IEMEHTOOETOHHMX IMOKPUTTIB HUIIXOM TEXHiKO-
€KOHOMIYHOTO TIOPiBHSHHS Pi3HUX BapiaHTIB KOHCTPYKIINA JOPOKHBOTO OJIATY.

MeToau TOCTiIKSHHS — aHANITHYHUH, PO3PaXyHKOBUH, TOPiBHSIILHHA.

KarouoBi cjoBa: aBToMOOiTBHA J0Opora, IOPOXHIM OST, TEXHIKO-eKOHOMIYHE TIIOPiBHAHHS, HOBE
OyAiBHUIITBO, IEMEHTOOETOH.

UDC 388.1
RESEARCH OF COST ASPECTS OF CEMENT PAVEMENTS CONSTRUCTION

Abstract. The tendency to increasing traffic volume on public roads and to increased axle loads of vehicles
makes the road scientists to develop scientifically justified methods for preserving the existing and
developing the new transport network of Ukraine. One of the options for solving such issues is the
construction of roads with rigid (cement concrete) pavement. However, any solution must be justified
considering technical and economic components. This paper presents the results of the research of cost
aspects of cement pavements construction.

The object of study — construction of pavement road different types.

Purpose — determine the feasibility of building cement coating by technical and economic comparison of
different options of pavement structures.

Research methods — analytical, current, comparative.

Keywords: highway, road pavement, feasibility comparison, new construction, cement concrete.

YK 388.1
Naapsam C.U., Tumomyk A.1O.

HCCJIEJOBAHUE CTOUMOCTHBIX ACHEKTBI CTPOUTEJ/IbCTBA
HEMEHTOBETOHHBIX TOPOKHBIX ITOKPBITUH

AHHoTanus. TSHIEHIIUSA K YBEITUYCHUIO HHTCHCUBHOCTH JBM)KCHHSI Ha aBTOMOOWMIIBHBIX JIOpPOTax
OO0IIIeTo MOJIb30BAaHMS U HATPY3KU HA OCh TPAHCIIOPTHBIX CPEJCTB, 3aCTaBISAET YUEHBIX JOPOKHOU
oTpaciu pa3padaThiBaTh HAYYHO-OOOCHOBAHHBIC METOMBI UISI COXPAHEHUS CYIIECTBYIOUICH W
pa3BUTHS HOBOW TPAHCIOPTHOH ceT YKpawHbl. OTHUM U3 BO3MOXKHBIX BAPUAHTOB IS PEIICHUS
TaKuX 3aJla4d SIBJISICTCSI CTPOUTEIHCTBO aBTOMOOWIIBHBIX JIOPOT C JKECTKUM (IIEMEHTOOETOHHBIM)
nokpeiTueM. Ho mroboe perieHne AOMKHO OBITh OOOCHOBAaHO C Y4YETOM TEXHUYECKUX U
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SKOHOMHUYECKUX COCTaBJLSIIOIIMX. B JaHHOW CTarbe MPUBEAEHBI PE3YJbTAaThl HCCIEIOBAHUSA
CTOMMOCTHBIX aCIIEKTOB CTPOUTENHCTBA IIEMEHTOOETOHHBIX TOPOKHBIX MOKPBHITUH.
OOBeKT ucCleOBaHMs — KOHCTPYKIIMH JOPOXKHOU OJICXKIbI aBTOMOOMIBHONW JOPOTH Pa3IHMuHbIX

THUIIOB.

Lenp pa®oThl — ompeAeneHue LEeNeco00pa3HOCTH CTPOUTENIHCTBA IIEMEHTOOCTOHHBIX MOKPHITHIA
MyTeM TEXHUKO-9KOHOMUYECKOTO CpPaBHEHUS Pa3MYHBIX BAPUAHTOB KOHCTPYKUHUN JOPOKHOU

OJCXKbI.

Merto/ibl uCCIEOBaHUS — AHATUTUYECKUH, PACYUETHBIN, CPABHUTEIIbHBIM.
KiroueBble ciioBa: aBTOMOOWIBHAS JOpOra, JOPOKHAS OJEKIA, TEXHUKO-IKOHOMHUYECKOE

CpaBHCHHE, HOBOC CTPOUTEIIBCTBO, HeMeHTO6eTOH..

Beryn

JluHamiuHe 3pOCTaHHS I1HTEHCHUBHOCTI pyXy Ha
aBTOMOOUTBHHX JIOPOTax 3arajJbHOr0 KOPUCTYBAHHS
Ta HABAaHTA)XCHHS Ha BICh TPAHCHOPTHUX 3aco0iB,
0  CIOCTEpiraeTbcss B YKpaiHi  MPOTITOM
OCTaHHBOTO JIECATUIITTS, BUMarae Oe3nmepepBHOTIO
PO3BHUTKY JIOPOKHBOI ~ Mepexi, BIOCKOHAJICHHS
KOHCTPYKLINA JOpPOXKHIX ofsriB. HeBiamoBigHiCTh
CTaHy aBTOMOOUTBHUX Jopir BHMOTaM
TPaHCIIOPTHOTO TOTOKY 3HUKYE IIBUIKICTH PYXY,
301IbIITy€e 3HOUTYBAHHS aBTOMOOLTIB 1 BUTpAaTH Ha iX
PEMOHT, TIiJIBUILYE BUTPATH MAJIUBa, CIPUYHHSE
3HIDKEHHSI PIBHS OC3MEKH pyxXy Ta 3POCTAHHIO
KUTBKOCTI JOPOKHbO-TPAHCHOPTHUX MPUTOI.

OcHoBHa yacTHHA
CydacHi KOHCTPYKLIi aBTOMOOLIBHUX JOpIr 1

TeXHOJIOTIi 11X OyAIBHMLITBA 3acCHOBaHI Ha JBOX
AbTEPHATHBHUX, KOHKYPYIOUUX THIAX JOPOKHBOTO

MTOKPUTTS - ac(anbTOOEeTOHHUM i
LEMEHTOOETOHHHM.

3HauHe 3MEHILEHHS TEpMiHiB CITyKOH
acpaibTOOCTOHHUX TOKPHUTTIB, $SKE€ BHUKJIMKaHE

JUHAMIYHUM 3pOCTaHHSM IHTEHCHBHOCTI PyXy Ha
OCHOBHHUX MariCTpajJlbHUX aBTOMOOUIBHUX JIOpOrax

CIOPUYUHSE TIOCTIHHUN  TIONIYK  allbTePHATHUBH
OyIIBHHIITBA aBTOMOOLIIFHUX Jopir 3
achanbTOOCTOHHUMHU  MOKpUTTsMH. OpHuM 13

aIbTEPHATUBHUX BapiaHTIB Ui BUPIMICHHS TaKuX
3ama4 € OyIIBHUIITBO aBTOMOOLIBHHX JOpIr 13
KOPCTKUM (1IEeMEHTOOETOHHUM ) MTOKPUTTSM.

3 METOK BHU3HAYEHHS JOLUIBHOCTI BUKOPUCTAHHS
OKpPEMOTr0 THITY IOPOKHBOTO OJATY IpU OYAiBHHUIITBI
aBTOMOOIUIBHOI JTOpOTH OYyJ0 BHUKOHAHO TEXHIKO-
CeKOHOMIUHE  TOpPIBHAHHSA  PI3HUX  BapiaHTIB
KOHCTPYKITIH.
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Introduction

The dynamic growth of traffic volume
on public roads and increased axle loads
of vehicles that has been observed in
Ukraine over the past decade requires
continuous development of the road
network and upgrading the road
pavement designs. Unavailability of
highways to traffic flow demands results
in speed reduction, increased wear of
motor vehicles and growth of repair
costs, causes increased fuel consumption
and reduced traffic safety level, as well
as an increased number of traffic
accidents.

Main part

Modern road design and construction
technologies are based on two
alternative competing pavement types -
asphalt and cement pavements.

Significant reduction in service life of
asphalt pavements which is caused by
the dynamic growth of traffic volume on
major trunk roads stimulates a constant
search for an alternative to the
construction of highways with asphalt
pavement. One of the alternatives to
solve such issue is the construction of
roads with rigid (cement concrete)
pavement.

In order to determine the feasibility of
using a particular type of pavement for
the construction of the highway a
feasibility comparison study of different
design options was fulfilled.
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Pospaxynox koncmpykuyiti 0opoxcHix 00s12i6

JlopokH1 OIIiTM HE 3aJeKHO BiJ THIY HEOOX1THO
pO3paxoByBaTU 3 ypaxyBaHHSIM CKIIaay
TPAHCIIOPTHOTO MOTOKY, MePCIEKTUBHOT
IHTEHCUBHOCTI PyXYy JI0 KiHIIS CTPOKY CIIY>KOH OZSTY,

IPYHTOBUX,  TIAPOr€OJ]OriYHUX 1  HPUPOAHO-
KJIIIMaTHYHUX YMOB.
JlopoxxHil osr HEXOPCTKOr0 TUILY

(acdanpTO0ETOH) KOHCTPYIOIOTH 3 YypaxyBaHHSIM
HAAIHHOCTI KOHCTPYKIIiT TOPOKHBOTO OJIATY.

KoncTpyroBanHsl Ta po3paxyHOK JOPOKHBOIO OJATY
HEXOPCTKOr0 TUIy BUKOHaHMi 3rigqHo 3 BBH B.2.3-
218-186 [1].

[TpoekTyBaHHS JOPOKHBOTO OJSTY KOPCTKOTO THITY
(memenTobOeToH) BUKOHaHe 3rijHO 3 BBH B.2.3-218-
008 [2]. B po3paxyHKOBiii YaCTHHI BHU3HAYAETHCS
pO3paxyHKOBE 1 HOpPMATHBHE  HaBaHTaXCHHS,
pPO3MIpH OCHOBHUX KOHCTPYKTUBHUX €JIEMEHTIB
(TOBIIMHA 1 TOBXKWHA IUIUT, TOBIIMHA IIAPIB OCHOBH,
apMyBaHHS IUTMT 1 WIApiB, BiJICTaHb MDK IIBAMHU

pPO3MIUPEHHS) I8 PI3HUX  BHJIB  TOKPHTTS,
Kareropii  jmopir, Uil  OyIb-SKHX  BEJIMYUH
TPAaHCIIOPTHOTO  HABAaHTAXKEHHS, IPYHTOBUX 1

MIPUPOJAHO-KIIMAaTUUYHUX YMOB.

Memoodonozis ouinku _nopisHAHHA KOHCMPYKYIl
00POIACHIX 0051218

BusHaueHHs  e(eKTHMBHOCTI  pI3HHMX  BapiaHTIB
KOHCTPYKIINA JOPOXKHIX OJATIB 3AIHCHEHE MUISIXOM
MOPIBHSIHHSL TPYAOBUX Ta MaTepiaJbHO-TEXHIYHUX
BUTpaT, $KI MalTh MiClle MPOTATOM BCHOTO
NopiBHSIIBHOTO CTPOKY (7).

Po3rnsiHyTi BapiaHTH KOHCTPYKIIIM TOPOXKHIX OJSTIB
PO3pI3HAIOTE MK COO0OI0 3a THUIIAMH KOHCTPYKLIH,
YTPUMaHHS MPOTAroM cTpoky 7 (BpaxoBaHi BiIMiHHI
0COOJIMBOCTI eKCILTyaTalifHOro yTpUMaHHS
JTOPOXKHIX OJSITIB  KOPCTKOTO Ta HEXOPCTKOTO
THUIIIB).

Oninky e(peKTUBHOCTI BIAIITYBAaHHS 1 €KCIUTyaTaiii
KOHCTPYKIIA  JOPOKHIX ONATIB BHKOHAHO B
pO3paxyHKy Ha | TOT. KM 3 mapaMeTpamMH i yMOBaMH
(GyHKIIIOHYBaHHSI aBTOMOOUTHHOI TOPOTH BU3HAYEHOL
KaTeropii.

B sxocri
e(eKTUBHOCTI

KPUTEPII0  OI[IHKH
BIAIITYBaHHSI 1

MOPIBHSIBLHOT
eKCIUTyaTaril
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Calculation of pavement design
Regardless of the type, road pavement is
to Dbe calculated considering the
composition of traffic flow, predicted
traffic volume by the end of its service
life, as well as geological and climatic
conditions.

Non-rigid type of pavement (asphalt
concrete) is designed considering the
reliability of pavement structure.

Design and calculation of non-rigid
pavement type is fulfilled in accordance
with the Departmental Construction
Norms VBN V.2.3-218-186 [1].

Design of rigid pavement type (cement
concrete) is fulfilled in accordance with
VBN V.2.3-218-008 [2]. The calculation
includes the definition of design and
standard loads, the size of basic
structural elements (thickness and length
of slabs, thickness of foundation layers,
reinforcement plates and layers, distance
between expansion joints) for different
types of pavement, road categories, for
any traffic loads, soil and climatic
conditions.

Methodology of pavement
comparing assessment
Defining the effectiveness of different
pavement design options is carried out
by comparing labor and material costs
incurred throughout the comparative
period (T).

designs

Pavement  design  options  under
consideration are distinguished by the
design type and by their operating
maintenance methods during the period
T (the distinctive features of operating
maintenance of rigid and non-rigid
pavement types are taken into account).
Evaluation of the effectiveness of
placement and operation of road
pavement designs is fulfilled per 1
running. km basing on the parameters
and operation conditions of a certain
road category.

As a criterion for assessing the
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JOPOKHIX ~OJATIB PI3HUX THIIIB
MiHIMQJIbHE 3HAYEHHS ITOKa3HUKA
BUTPAT B;,., IKAN BKIIIOYAE:

- BapTICTh HOBOT'O OYIBHHUIITBA IOPOKHBOTO OJISTY;
- BUTpPAaTH Ha KamiTaJbHUHA Ta TOTOYHI PEMOHTHU
JOPOKHBOTO OJIATY;
- BUTpaTH Ha
JOPOKHBOTO OJIATY;
Po3paxyHOK i-My poIli, MOYMHAIOYM 3 HACTYITHOTO
POKYy  Ticias  TOYaTKy HOBOTO  OyJiBHHUIITBA
JIOPOXKHBOTO OJIATY, 3IIMCHEHUH 3 ypaxyBaHHIM
0e3pU3UKOBOI HOPMH AWCKOHTY E (y BIIHOCHHX
OJIMHUIISX BUMIPY).

BUKOPHCTaHE
IHTerpaIbHUX

eKCIUTyaTalliifHe  yTpUMaHHA

Jlis TOpiBHSHHS BUTpPaT Ha HOBE OYIBHUIITBO,
PEMOHTH 1 eKCIuTyaTaliiiHe yTpuMaHHS KOHCTPYKITiH
JOPOKHIX ~OJSTIB  PI3HOTO THUNY BUKOPUCTAHO

HACTyIHYy Gopmymy:

B,.=B,, + B, x(1+E) +Y Bux@+E))xn+d B, x@+ E))xm +
i=1 i=1

+> Bl x(1+E)'

Bso — BapTicTh
JOPOKHBOTO OJATY;
Bky — BUTpaTH Ha KamiTaabHUN PEMOHT JOPOKHBOIO
OJIATY;

Bje — BuUTpatm Ha TOTOYHI
JOPOKHBOTO OJATY;

N — KUIBKICTh IMOTOYHUX CEpPEIHIX PEMOHTIB, SKI
BUKOHYIOTBCS Ha IPOTSI31 MOPIBHSIILHOTO CTPOKY T;
Brio ¢y — BUTpaTH Ha MOTOYHMN IPIOHMN PEMOHT Ta
eKCIUTyaTalliiiHe yTpUMaHHs J0POKHBOTO OJIATY;

B/, — BTpaTu KOpUCTyBadiB JOpIr NpH BUKOHAHHI

HOBOTrO OymiBHUIITBA | KM

CepeiHl PEMOHTH

PEMOHTHUX pPOOIT.

M — KUIBKICTh POKIB €KCIUTyaTallifHOTO yTPUMAaHHS
JIOPOKHBOTO ~ OJISITY aBTOMOOUIBHOI  JIOpOTH 32
0o0paHuM BapiaHTOM BHKOHAHHS pOOiT;

E — 0Oe3pusukoBa HOpMa JMCKOHTY Yy BIJTHOCHHX
OJIMHUIIAX BUMIpPY;

(1+E) — xoedilleHT TUCKOHTYBAHHS BUTpAT.

3 ypaxyBaHHSIM BUX1JTHOT IHTEeHCUBHOCTI
JTOPOKHBOTO PYXy PpO3paxoBaHl albTepHATHBHI
BapiaHTH  KOHCTPYKII  JOPOXHIX  OJATiB 3

HEXOPCTKOTO Ta KOPCTKOTO THUITY.
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comparative effectiveness of placement
and operation of various road pavement
types the minimum value of integrated
COSts Bgen is used which includes:

- The cost of new construction of road
pavement;

- Costs for capital and current repairs of
road pavement;

- Costs for operational maintenance of
road pavement;

Calculation of reduced costs in the i-th
year starting with the next year
following the beginning of the new
pavement construction is carried out
considering the risk-free discount rate E
(in relative units).

For comparison of the costs for the new
construction, repair and operational
maintenance of pavement designs of
various types the following formula is
used:

. o _
By = Bans + By x @+ E)' + . B x@+ E))xn 4" [Bug.op x @+ E) )xm +
& =

+ z By x(L+ E)"

Beons — the cost of new construction of 1
km of pavement;

Bwj — the costs for major repairs of
pavement;

Bmig — the costs for current mid-life
repairs of pavement;

n - the number of current mid-life
repairs performed during the
comparative period T;

Bwmid+op — the costs for current mid-life
repairs and operating maintenance of
pavement;

B,..— the losses of road users when

User
performing repair works.

m — the number of years of operating
maintenance of pavement of the
highway when using the selected option
of works fulfillment;

E — the risk-free discount rate in relative
units;

(1 + E) — the discount rate costs.

Considering the initial traffic volume,
the alternative options of non-rigid and
rigid pavements design types were
calculated.
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Taoaunsa 1 — Buxigai naxi

Tun x  HCTPYKITii

Ne BuxizHi xani JOPOKHBOTO OJIATY
n/m HEXXOPCT-| JKOPCT-
Kui Kui
1 | louarox  BukoHauus | 2014 2014
pooiT, pik
2 | Kareropist noporu I II
ITouatkoBa 5000 5000

IHT€H HWBHICTh
JIOPOXKHBOTO PYyXy Ha
JUISHI, aBT./go0y

4 | J1opoxHbBO- V-1 V-1
JIIMaTHYHA 30HA

5 | MiXpeMOHTHI CTPOKH
Juist jopord (pi ):

- moToyH i ce emmiit | 6 (17) 9(18)

PEMOHT Tics

OyniBHMLTBa (Apyruit

MOTOYHUIH)

- KaliTaJbHUH PEMOHT 12 21
6 | II wmpicr 4 4

IHTEHCHBHOCTI

JIOp KHBOTO PyXy, %

7 | Hopma auckonty, % 5 5

KoHcTpyKIlist TOPOKHBOTO OJIATY HEKOPCTKOTO THITY
npuiiHATa 3 ypaxyBaHHsaM Bumor BBH B.2.3-218-
186 [1] Ta ckmagaeThes 3 HACTYMHUX MmapiB (puc. 1).

KoHcTpyKllis JOPOXKHBOTO OASTY KOPCTKOIO THILY
MpUKAHATA 3 ypaxyBaHHIM BUMOT
BBH B.2.3-218-008 [2] Ta cki1agaeThcs 3 HACTYITHUX
mapis (puc .2).

Butparu Ha ciopykeHHs Ta yTpUMaHHS 3€MJISTHOTO
MOJIOTHA,  BIIAINITYBaHHS  OONAIITYBaHHA  Ta
€JIEMEHTIB OOCTAaHOBKM IpPH TPOBEJEHHI TEXHIKO-
€KOHOMIYHOTO TOPIBHSHHSAM HE BPaXOBYBAJUCH,
OCKUTBKM BOHM OyqyTh OJHAKOBUMM JUII 000X
BapiaHTiB.
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Table 1 — Initial data

Road pavement

No Initial data design type
Non- | pigid
rigid 9

1 | Beginning of | 2014 2014
works fulfillment,

year
2 | Road category 11 11
3 | Initial traffic | 5000 5000
volume on the
section,
vehicles/day
4 | Road-climatic zone | Y-II y-1I

5 | Interrepair time for
roads (year):
- current mid-life | 6 (17) 9 (18)

repair after

construction

(second current

repair)

- capital repair 12 21
6 | Growth of traffic 4 4

volume, %
7 | Discount rate, % 5 5

Non-rigid pavement design type is
adopted on the basis of the requirements
of VBN V.2.3-218-186 [1] and consists
of the following layers (fig. 1).

Rigid pavement design type is adopted
on the basis of the requirements of VBN
V.2.3-218-008 [2] and consists of the
following layers (fig. 2).

The costs for the construction and
maintenance of subgrade, placing and
arrangement of road equipment elements
during the feasibility comparison study
were not taken into account because
they are the same for both options.
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Sand —30 cm
Ilicox —30cm :
Optimal sand and gravel mix — 24 cm
OnTHMaTbHA MiMTaHO-TpaBiiiHa cyMim — 24 oM ;
‘ Geotextile
TeoTexeTns Monolith cement concrete  — 26 cm

MomnoaiTHH HeMEHTO0STOH —26 M

Pucynok 1 — KOHCTpyKIisS JOPOXHBOIO OJIATY Figure 1 - Non-rigid pavement design
HEKOPCTKOTO THITY type

IT{eGenepo-mimana cymim C-5 — 20 cM (RN
z Stone-sand mix C-5 —20 em

I{ebeneBo-nimana cymim C-7 ykp. nemerToM M40 — 15 eM N N \ N
Stone-sand mix C-7 stabilized with cement M40 — 15 cm

AcaTsT06eTOH KPYIIHO3EPHHCTHI TOPHCTHIH — 8 oM

Asphalt concrete coarse porous - 8cm
Acdansroberon apiGHOHO3EPHECTHIL, THII A —8cMm R RO T o FINE FRo A N
I1le6enepo-MacTHKOBHIH achaIsTo0e TOH —Sem
SMA —5cm
Pucynok 2 — KoHCTpyKIisi JOpPOKHBOTO OISTY

JKOpCTKOTO THITY Figure 2 - Rigid pavement design type
Process sequence of works performance,
the associated machines and
mechanisms were adopted to meet the
requirements of existing standards and
regulations [3] and flow charts.

TexHonoriuHa MOCHIJOBHICTh BUKOHAHHS POOIT
NpUHHATA 3 ypaxyBaHHSM BHMOT YMHHHUX HOPM Ta
npaBui [3] i TEXHONOTIYHHUX KapT.

HOTOYHUN PEMOHTU KOHCTPYKIIIT IOPOXKHBOTO OJIATY current repairs of pavement design
Heoicopcmkuii mun KoHcmpykyii 00podtCHb020 0052y Non-rigid pavement design type
Bimmosimwo no rtabn. 2 BBH T.1-218-050 [4]  According to Table 2 VBN G.1-218-050
Neplyi - Mmicas  HOBOro OyiBHUITBA  MOTOYHMI [4], the first current mid-life repair after
CepeHiii PEMOHT BUKOHYEThCS Hepes 6 pOKiB the new construction is carried out after
eKCILTyaTalii aBTOMOOUIBHOI JOPOTH. 6 years of the highway operation.

KanitanbHuil pPEMOHT KOHCTPYKIIi JOPOKHBOTO According to Table 1 VBN G.1-218-050
omary BiamosiaHo ao Tabmuui | BBH I.1-218-050 [4], capital repair of pavement design is

[4] Buxomyerbcs uepe3 12 pokiB ekcruryararfii performed after 12 years of the highway

aBTOMOOLIBHOT A0pOoru. operation.
Hactynnuit ~ notounnit  cepennii  PEMOHT  The next current mid-life repair is
BUKOHYETBCS UYCPE3 5 POKIB CKCILIyaTallll II1CJIA performed after 5 years Of Operatlon
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KaImiTaapHOTO PEMOHTY BiAMOBiMHO a0 Tadn. 2 BBH
I.1-218-050 [4] - 17 pik ekcmiyaTamii
aBTOMOOUIBHOI JOPOTH.

Kopcemkutl mun KOHCMPYKYii 00POHCHLO20 0052y
TexHosoriyHa TMOCITOBHICT, BHUKOHAHHS PoOOIT

npUMaEThCs 3 ypaxyBanHsM Bumor MP B.3.2-218-
03449261-674 [5].

Bignosigno g0 Tab6n. 2 BBH TI'.1-218-050 [4]
NepUIMiA  MICIs HOBOro OYAIBHHUIITBA MOTOYHHM
CepelHiii pEeMOHT BHKOHYETbCS Ha 9  pik
eKCIUTyaTallii aBTOMOO1IbHOT TOPOTH.

Hacrynnuit IIOTOYHUI cepenHin PEMOHT
BUKOHYETbCA 4epe3 7 POKIB BIAMOBIIHO 10 Tabm. 2
BBH T1.1-218-050 [4] micis 1-ro mHOTOYHOTrO

CepeqHbOr0 pEeMOHTy — 16 pik ekcruryaramii
aBTOMOOUITBHOT TOPOTH.

KanitanpHuii  peMOHT JTOPOXKHBOTO ONIATY HE
BPaxOBYETHCS, OCKUIBKH TIOPIBHSUIIBHHHA  CTPOK

cTaHOBUTH 20 POKIB.

Ha ocHOBI BUXIOTHMX JaHHX, BU3HAYAIOTHCS 3BEICHI
BUTpaTH Ha  OyAiBHUITBO 1  3a0e3meueHHS
(GyHKIIOHYBaHHS ~ PI3HMX  TUMIB  KOHCTPYKIIi
JOPOKHBOTO  OJAATY  aBTOMOOIUIBHOI  JOpPOTH.
[TopiBHAHHS BHUTpaT Ha HOBE OYIIBHHUIITBO 1
yTpuMaHHS 1 KM KOHCTPYKIIH JOPOKHBOTO OJASATY

JKOPCTKOI'o Ta HEKOPCTKOr'o THUITY HAaBCACHO Ha PHUC.
3.

20000 — BapricTs, 18229
THC.I'PH P —_
15000 + - am =
/e
10000 £ 9325 L o T Teeeeees eeet
9188
5000 1 12580
o—r/———r"r"r—"T"T"T"T"T"TT"T7

1234567 8 91011121314151617181920
= = HeXopCTKU THIT Pix

Pucynoxk 3 — [IlopiBHAHHS BHTpaT Ha HOBE
OyIiBHULTBO 1 yTpUMaHHA 1 KM KOHCTPYKIIIH
TOPOKHBOTO OJIATY JKOPCTKOTO Ta HEXOPCTKOTO
TUILY

Il «depxmopHAI» 3 II kBapramy 2012 poky
MPOBOJUTH MOHITOPUHT 3MIH I[lH Ha OCHOBHI
JIOPOKHBO-OyiBeNbHI Marepianu. JlmHaMika 3MiHU
miH Ha acdaabToOETOHHY Ta OCETOHHY CyMIiIl,
npotsirom 2012 - III kBaprany 2016 pokiB HaBeaEeHO
Ha pucyHKax 4 1a 5.
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after capital repair, according to Table 2
VBN G.1-218-050 [4], that is the 17"
year of the highway operation.

Rigid pavement design type

Process sequence of works performance is
adopted to meet the requirements of the
Guidelines MR V.3.2-218-03449261-674
[5].

According to Table 2 VBN G.1-218-050
[4], the first current mid-life repair after the
new building is to be performed during the
9™ year of the highway operation.

The next current mid-life repair is to be
performed in 7 years, according to Table
2 VBN G.1-218-050 [4] after the first
current mid-life repair- that is the 16"
year of the highway operation.

Major repair of pavement is not taken
into account, as a comparative term is 20
years.

Based on the initial data, consolidated
construction costs for the construction
and functioning of different road
pavement design types are defined.
Comparison of new construction and
maintenance costs of 1 km of pavement
of rigid and non-rigid design types
shown in Figure 3.

Cost, th.
20000 T UAH 15229
15000 1 ;- - N
10000 L 9325 .. reomorm dociieneen .
o188 12580
5000 +
0 T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19
Year

= «= Non-rigid type

Figure 3 — Comparison of new
construction and maintenance costs of 1
km of pavement of rigid and non-rigid
design types

Starting with the second quarter of 2012,
DerzhdorNDI SE monitors changes in
prices of basic road construction
materials. Dynamics of price of asphalt
and concrete mixes during the period
from 2012 through the third quarter of
2016 are shown in Figures 4 and 5.
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1600 1 +35 % 1451 388

00 TPH./T
1400 1 114 =
1200 | 904 1152

1000 A
800 -
600 A
400 A
200 A

2012 2013 2014 2015 2016
Pix

Pucynoxk 4 — JlunHamika 3MIHM IIHH Ha

acambTOOETOHHY CyMiIll

1600 TP 13z F19% 1456 1447
1212

1400 A

1200 -

1000 A

800 -

600 -

400 A

200 -

0 T T T T
2012 2013 2014 2015 2016
Pix

Pucynok 5 — J[uHaMika 3MiHU ILiHU Ha OETOHHY
CyMIiII

JUyis OpIBHSIHHS BIUIMBY LIIHU Ha KIHIIEB1 BUTPATH 3
Oy/miBHULITBA 1 YTPUMAaHHS KOHCTPYKIIIH
JIOPOKHBOTO OJISITY, 3MOJIETHOBAHO 2 CIIEHapii, 110
HaBeJIeH1 Ha pUCYHKax 6 Ta 7.

20000 T+ :
Bapricts,
THC.TPH +32 %,-19905

15000 +

10000 . 9188 ...\ omseeme et fecenscenenss’
o -
s000 | /702 12580

0 +—TT"T"TrT—TT"T"—T"T"T
01234567 891011121314151617181920

= e= HeXOPCTKUI THIT Pix

Pucynok 6 — Burpatu nHa OyaiBHHLITBO Ta
yTpuMaHHs 1 KM pI3HUX THIIB KOHCTPYKIIH
JOPOKHBOTO  OJATY  (BapTiCTh  acdanrbToOETOHHOT
cyMili 3HHKeHo Ha 35 %)
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1600 4 UAH/t

1400 -
1200 { 904
1000 -

+35% 1451 ;400
1152 1144

0 T T T T
2012 2013 2014 2015 2016
Year

Figure 4 — Dynamics of prices of
asphalt mix

1600 JAH/M® +19% 145 447
1400 | M

1200 -
1000 -
800
600

400 A
200 H

0 m
2012 2013 2014 2015 2016
Year

Figure 5 — Dynamics of prices of
concrete mix

To compare the effects of the material
component price on the final cost of
construction and  maintenance  of
pavement designs, 2 scenarios have been
modeled that are shown in Fig.s 6 and 7.

20000 + Cost, th. 16605
UAH 2D -
15000 + - - - |
9188 JRITD
10000 -g"-_--a-‘aoﬂo"o-,-c.o...oono 1258C
7702
5000 +
0 T LI LI LI LI T T T T LI T T /1

1 3 5 7 9 11 13 15 17 19

Year

== == Non-rigid type

Figure 6 — Cost of construction and
maintenance of 1 km of various
pavement design types (cost of asphalt
mix is reduced by 35%)
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20000 — Bapricrs,

THC.I'PH 18229 o =
15000 -+ o — -
+35 %... I
10000 + 10088_--ro“oﬂoo“ooo:o-...ouoo'
9325
5000 13480
o+

01234567 891011121314151617181920
Pix

@= e= He)XOpCTKUM THIT

Pucynoxk 7 — Burpatu Ha OyIiBHUITBO Ta
yTpuMaHH 1 KM PI3HMX THIIB KOHCTPYKIIIH
TOPOXKHBOTO OAATY (BapTicTh OETOHHOI CcyMmirmi
30inbiieno Ha 30 %)

I'padik Ha pUCYHKY 3 TIOKa3ye, 10 3 ypaxyBaHHIM
yCepeqHCHNX IIiH Ha Matepiamu crtanoM Ha III
kBaptan 2016 poKy EKOHOMIYHO BUTIJHIIINM €
Oy/IiBHULITBO LIEMEHTOOETOHHUX HOKPUTTIB,
OCKIIBKM €KOHOMiSi Ha KiHellb pPO3PaxXyHKOBOTO
nepioy CTaHOBHTH 45 %.

[Ipu 3HMXKeHI BapTOCTi acdanbToOETOHHOI CyMimni
Ha 35 % (pumc.6) curyamis pi3KO 3MIHIOETHCS.
EdextuBHicTh OymiBHUIITBA 1 eKCIUTyaTalil
[IEMEHTOOETOHHUX TMOKPUTTIB MOYMHAETHCS JIUIIE 3
12-ro poky. Ane Ha KiHellb pO3paxyHKOBOT'O Mepioay
BCEPIBHO €KOHOMISI CTAHOBUTH 011u3bK0 30 %.

[Tpu 361nb1IeH] BapTOCTI 6eToHHOI cymimi Ha 30 %
TaKOX Ja€ TIEPEeBHILIEHHS BapTOCTI OYIIBHHUIITBA
LIEMEHTOOETOHHUX TOKPUTIB y TMOPIBHSIHHI 3
acanbTOo0eTOHHUMHU (puC. 7). Aje B KIHIIEBOMY
BUIAJIKy BCEPIBHO € €KOHOMIS 32 PaXyHOK MEHIIHUX
BUTpAT Ha PEMOHTH Ta yTPUMaHHS
LIEMEHTOOETOHHUX MMOKPHTIB.

BucHoBku

TakuM 4MHOM, Ha OCHOBI MPOBEJCHOIO aHANI3y Ta 3
ypaxyBaHHSIM OTPUMAaHUX Pe3yJbTATiB PO3PAXYHKY,
MO>KHa 3pOOUTH HACTYIHI BUCHOBKHU:

1. Bapricte  OynmiBHHLITBAa  OYyAb-SIKOTO  THUIY
KOHCTPYKIIIi TOPO’KHBOTO OJIATY € HAATO 3aIEKHUM
BiJl BapTocTi OyiBeNbHUX MaTepiajiB Ta YacTKU
BUKOPHUCTaHHS MICIIEBHX MaTepiajiB.

2. B nmosroctpokogiii nepcnektuBi (10 - 20 pokiB)
JOUUTBHIIAM € OYyIIBHUITBO 1I€MEHTOOETOHHUX
mokputTiB. [lpm  1mbOMY  TakoX  HEOOXiTHO
BpaxoBYBaTH, IO [[EMEHTOOCTOHHI MOKPHUTTS 3/1aTHI
crpuiimMaTu OB HaBaHTAKCHHSI, HIX
acambTOOETOHHI, IO Ja€ J0AATKOBY COLiaJIbHO-
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20000 - Cost, th.

UAH 18229 —
15000 + /- +359%.
10000 +e 100884.0“l“.".tlnco.‘c...'..
9325 13480
5000 +
0 T T T T T T T T T T T

12345678 91011121314151617181920
Year

== == Non-rigid type

Figure 7 - Cost of construction and
maintenance of 1 km of various
pavement design types (cost of concrete
mix is increased by 30%)

Graph in the Figure shows that
considering the average prices of
materials as of the third quarter 2016,
the construction of cement pavements is
economically sounder because savings
at the end of the calculation period will
make 45%.

With the reduced cost of asphalt mix by
35% (Figure 6), the situation changed
dramatically. The efficiency of the
construction and operation of cement
pavements starts with the 12" year only.
But at the end of the calculation period
savings will make about 30%.

Increased cost of concrete mix by 30%
results also in the growth of cement
pavements construction costs compared
to asphalt ones (Fig. 7). But ultimately,
there is saving due to lower repair and
maintenance costs of cement pavements.

Conclusions

Thus, the following conclusions can be
drawn on the basis of the conducted
analysis and the results of calculation:

1. The construction cost of any type of
pavement design is too dependent on the
cost of construction materials and the
share of local materials used.

2. In the long term (10 - 20 years) the
construction of cement pavements is
more expedient. It should also be taken
into  consideration  that  cement
pavements can bear heavier loads than
asphalt pavements which provides
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EKOHOMIUHY €()EeKTUBHICTb.

3. BpaxoByroun, 1m0 BapTicTh OiTymMy OuIbII
IpUB’s3aHA JI0 KypCy 1HO3eMHHUX BaIIOT, TO B TaKUX
yMOBax HaWOLIbII ONTUMAJIBHUM PIIMICHHSAM €
3aCTOCYBaHHS [IEMEHTY.

4. B KO)XHOMY KOHKPETHOMY BHITQJIKy MpU BUOOPI
TUIy KOHCTPYKILIi JOPOXHBOTO OJSTy HEOOXiIHO
MPOBOJIUTH  TMEPEIIPOCKTHE TEXHIKO-CKOHOMIYHE
MOPIBHSHHS, SIKE 1 JaCTh 3MOTY MPAaBHIBHO OLIIHUTH
e(deKTUBHICTh 3aCTOCYBaHHS TOrO Y IHILIOTO
KOHCTPYKTUBY

Jlireparypa

1. BBH B.2.3-218-186-2004 Criopyau TpaHCIIOPTY.
JIOpOKH1H OJIAT HEKOPCTKOTO THUITY.

2. BBH B.2.3-218-008-97 Cnopymu TpaHCIOPTY.
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Penenzentn:

additional  social and  economic
efficiency.

3. Taking into account the fact that the
price of bitumen is more tied to the
exchange rate, the use of cement is the
best solution.

4. In each specific case, when choosing
the type of pavement design, the pre-
design feasibility and comparison study
should be fulfilled which will allow
proper assessment of the efficiency of
the opted pavement design type use.
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YK 627.13
KBaTanze A.lL

METOJ BUBHAYEHHS PO3PAXYHKOBHUX ITEPIOAIB BOAHO-TEIIVIOBOI'O PEKUMY JUJISI
PO3PAXYHKY JPEHAKHUX ITPUCTPOIB

AHoTanis. B cTtarTi HaBeeHO METOJ BH3HA4YEHHS PO3PaXyHKOBHUX MEPiONiB BOJHO-TEIUIOBOTO PEXHUMY B
JOPOXKHIX KOHCTPYKITiSX aBTOMOOUTBHUX IOPIT 3aralbHOTO KOpUCTyBaHHS. [IpencraBneHuii MeTo IpyHTYEThCS
Ha CTaTHUCTUYHHX JAaHWX METEOPOJIOTIYHUX CIIOCTepEeKeHb palioHy OymiBHHIITBA a00 €KCIUTyarTallii He MEHIIe
HDK 3a msTapiuHuil mepion. Lle 103BoNMTH perymoBaTh PEXUM  BOJIOTOHAKONIMYEHHS B JIOPOXKHIX
KOHCTPYKITiSIX Ta OOTPYHTOBAHO BU3HAYUTH T€HEPAITbHI PO3MIPH IPEHAKHIX CHCTEM.

OO0’ €exT HOCIHTIHKEHHS — IIEPi0H BOJHO-TETIJIOBOTO PEKHIMY.

Meta po0OOTH — BH3HAYCHHSI PO3PaxXyHKOBHMX IEPiONiB BOAHO-TEINIOBOTO PEXHMY B JOPOXKHIX KOHCTPYKIIISIX
AaBTOMOOUIFHHX JIOPIT 3arajlbHOTO KOPUCTYBaHHSI.

MeTou ToCTiPKEHHS — aHAII THIHO-PO3PaXyHKOBHIA.

Kua104o0Bi cj10Ba: BOJTHO-TEIUIOBUI PEXIM, OTIaH, 3eMIISTHE ITOJIOTHO, IPEHAYKHA KOHCTPYKITiS.

UDC 627.13

Kvatadze A.
DETERMINING SETTLEMENT PERIOD WATER-THERMAL
REGIME METHOD FOR CALCULATING DRAINAGE DEVICES

Abstract. The article describes method of determining billing periods, the water-thermal regime in road
constructions of public roads. The method is based on statistical data of meteorological observations of an area
of construction or operation of not less than five years. This will allow you to adjust the accumulation of
moisture in road constructions and reasonably determine the General dimensions of drainage systems.

The object of study —periods of water-thermal regime

Purpose - to determine the billing periods fluid and thermal conditions in road construction of public roads.
Research methods — analytically-rated.

Key words: water-thermal conditions, precipitation, roadbed, drainage construction.

YK 627.13
KBartanze A. U.

METO/ OIIPEJAEJIEHUS PACYHETHOI'O HEPUOJA BOAHO-TEIIJIOBOI'O PEXKUMA JUIA
PACUYETA JPEHAKHBIX YCTPOMCTB

AHHoTaumMsi. B craThe TNpuBEEH METOJ OIpPENEIEHUS PACUETHBIX IMEPHUOJIOB BOJHO-TEIJIOBOTO PEXHUMA B
JIOPO’KHBIX ~ KOHCTPYKITUSX ~aBTOMOOWJIBHBIX JOpOT OO0mmero mosb3oBaHus. [IpeAcTaBieHHBIH MeTOx
OCHOBBIBACTCS Ha CTATUCTHYECKUX JAHHBIX METEOPOJOTHYECKUX HAONIONEHUN palioHa CTPOUTEIhCTBA WIIH
SKCILTyaTalli HE MEHEE YeM 3a MSITWICTHUN MEepHoJl. DTO MO3BOJUT PETYJIUPOBATH PEKUM BIIATOHAKOIICHUS B
TIOPO’KHBIX KOHCTPYKIIUAX M 000OCHOBAHHO OTIPEICIIUTh TeHEPATLHBIE Pa3MEPhl IPECHAKHBIX CHCTEM.

OOBEeKT UCCIIeIOBaHUS - IEPHOIBI BOIHO-TETLIOBOIO PEKUMA.

Lenp pa®oThl — ompeieNeHne PacYSTHBIX NEPUOIOB BOAHO-TEILIOBOTO PEXUMa B JOPOKHBIX KOHCTPYKITUSX
ABTOMOOMJIBHBIX JIOPOT OOIIIETO MOJb30BaHUS.

MerTo/ibl UCCEA0BAHUA - AaHATTUTUKO-IKCIIEPUMEHTAJIbHBIE.

KuroueBble ¢j10Ba: BOIHO-TEIIIOBOM PEeXUM, OCAIKU, 3eMIITHOE TIOJIOTHO, APEHAXKHAS KOHCTPYKIIHS.
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Beryn

Boma B npenyroumii map JOpPOXXKHBOI KOHCTPYKIIii
MOKE€ HAJXOJUTH BiJ aTrMOC(pepHHX OmalaiB Ta NpHU
BIITUCKaHHI BOJM 13 PO3TAIIOBAHOTO HWXKYE IIapy
IPYHTY IIPH pO3MEP3aHHI JOPOKHBOI KOHCTPYKIII.

CymapHy KUIBKICTh BOJH, IO HAAXOAWUTH JIO
npenyrodoro mapy (Q, Mo/M? MPOi3HOT YaCTHHM)
MOJKHa PO3paxoOBYBaTH TPHOMA CIIOCOOAMHU:

- BUMIPIOBaHHSIM BOJIOT'OCTI Ta MIIJILHOCTI IPYHTIB
3eMJISTHOTO TIOJIOTHA B KiHIIl TPETHOTO MEPiOAY BOJHO-
TEIUIOBOTO PEXKHMY;

- HIBEIIFOBAaHHSIM MOPO3HOTO 3TUMaHHS;

- BPaXxOBYIOUM HAQ/UTUIIOK BiJIbHOI BOJU B IPYHTaX
BEPXHBOI YACTUHU 3EMJISTHOTO TIOJIOTHA.

[lepmi nBa crmocobu mMOTPeOYIOTH BEIHMKI 0OCSTH
[OJBOBUX  BUIIPOOYBaHb  Ta  JAlOTh  3MOTY
po3paxyBaTH CyMapHy KUIBKICTH BOIM , MIO
HaJIXOJUTh B JIPEHYIOUl IIATH TUIBKM B BECHSHUHN
nepiof BOJHO-TEIUIOBOTO PEeXHMY (BiITaBaHHS 1
HAaCUYECHHsI JOPOXKHbOI KOHCTPYKLIi Yy BECHSHUH
nepion) [1,2].

VY 3B’M3Ky 31 3MIHOIO KJIIMaTry IUIaHETH, a caMe
1ABUILEHHS BMICTY aTMocepHOi ~ BOJIOTH,
301JbIIEHHAM 1HTEHCHBHOCTI Ta TPUBAJIOCTI OMA[IiB,
10 BUIAJAIOTh MPOTATOM POKY, BiIOYBaeTbcs 3MiHA
BOJHO-TEIJIOBOTO PEXUMY JTOPOKHbOI KOHCTPYKIII].
[Tpu POEKTYBaHHI1 €JIEMEHTIB TOPOXKHBOT
KOHCTPYKIIii, 30KpeMa JpEeHa)KHUX CHUCTEM, BUHUKAE
HEOOXIHICTh y BU3HAUEHHI pPO3PaXyHKOBHX IEPIOAIB
BOJTHO-TETIOBOTO pexkumy [1].

A came HeoOX1JHO BHU3HAYUTH TPUBAIICTh KOXKHOTO
Mepioly OKpeMO, OCKUIbKM BOHU HE BiAMOBIIAIOTH
KaJleHAApHUM TEepMiHaM: MEpLIOro - OCIHHBOIO
nepiofly  MOYaTKOBOIO  HAKONHMYEHHS  BOJIOTH,
JPYTOTO - 3MMOBOTO MEPi0Ay MEePEPO3NOALTY BOJIOTH 1
HaKOMHWYEeHHA ii B BEpXHIX  IIapax 3eMIISTHOTO
MOJIOTHA, MPOMEP3aHHS IPYHTY, TPEThOTO  —
BECHSIHOTO TeEpioAy BiATaBaHHS 1 HACHYECHHS, 1
YEeTBEpPTOrO - JIITHLOTO. MeTol0 poOOTH € BU3HAUECHHS
PO3paxXyHKOBHX MEPIOJIiB BOJHO-TEIJIOBOIO PEXKUMY
B JIOPOKHIX KOHCTPYKIISIX aBTOMOOUIBHHX JOPIT
3arajlbHOr0 KOPUCTYBAHHS.

BuxigHumu naHuMu Ui po3paxyHKiB € CTaTUCTUYHI
JaHi  METEOpOJIOTIYHUX  CIIOCTEPEeKEHb  PaloOHy
OyIIBHHIITBA 3a TepioJ] BUOpaHOI KIJIBKOCTI POKIB
Npoxis  PO3DAaXyHKIB HPUWMAIOTh, K  MiHIMYyM,
I’ ITUpiYHUi mepion). 30UIBIICHHS KUIBKOCTI POKIB
CIIOCTEPEXKEHHSI ~ IPU3BOAUTH 10  MiJABHILECHHS
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Introduction

Water draining layer in road construction
can come from rain and water from under
pushups located below the soil thawing
during road construction.

The total amount of water supplied to the
draining layer (Q, m*m? carriageway) can
be count by three ways:

- measurement of moisture content
and density of soil subgrade at the end of
the third period water and thermal regime;

- leveling frosty swelling;

- given the excess of free water in
the soil the upper part of the subgrade.

The first two methods require large
amounts of field tests and allow you to
calculate the total amount of water entering
the draining garments only spring water
and heat treatment (thawing and saturation
of road construction in the spring) [1,2].

Due to changes in climate, such as
increasing atmospheric moisture content,
increase the intensity and duration of
rainfall during the year, changes the water
and thermal regime of road construction.
In the design elements of road
construction, including drainage systems,
there is a need to define billing periods
water and thermal regime [1].

And it is necessary to determine the length
of each period separately, since they do not
correspond to calendar dates: first - autumn
period of initial accumulation of moisture,
the second - winter redistribution of
moisture and accumulate it in the upper
layers of the roadbed, soil freezing, the
third - the spring period thawing and
saturation and fourth - summer. The aim is
to determine the billing periods fluid and
thermal conditions in road construction of
public roads.

Initial data for calculation are the statistics
of the construction of meteorological
observations in the period selected number
of years  Npqis (Payments to take at least
five years). Increasing the number of years
of observation increases the accuracy of
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TOYHOCTI BUKOHAHUX pO3paxyHKiB. Po3paxyHok 3a
HIDKYCHABEJJCHUM METO/IOM CIIiI BHKOHYBAaTH JUIS
KOKHOT'O BU3HAYEHOI'O POKY OKPEMO.

Jlyis po3paxyHKiB HEOOXITHO MAaTH CTaTUCTHUYHI JIaHi

METEOPOJIOTIYHUX CIIOCTEPEIKEHb po TaKi
METEOPOJIOTIYHI BEIIMYUHHU:
- CepeaHbOJIOOOBI  TeMmmepaTrypu IOBITPS

MPOTSATOM POKY;

- CEpeIHbOMICSIYHI TEeMIEeparypu IOBITPS
MPOTSATOM POKY;

- CepeaHbOA000BI TEMIIEpaTypu Ha MOBEPXHI
IPYHTY MIPOTSATOM POKY;

- KUIBKICTh ONAJIiB,

- IHTEHCHUBHICTE OIA/iB;

- TPUBAJIICTh ONAJIIB;

- 1einuT HaCHYECHHS TOBITPSL.

Bu3HayeHHs] TPUBAJOCTI PO3PaXyHKOBHX
nepioaiB Ta pexKUMy BiITABAHHA IPYHTY
OxpeMi Mexi TIEBHHX TMEpIOJiB BH3HAYAIOTHCS
TEeMIepaTypHUM peXUMOM. /[l BHM3HA4YeHHA Jar
HACTaHHS  BIAMOBIMHUX  TeMIepaTyp CIig  3a
METEOPOJIOTIYHUMH JaHUMHU IPO CEPEAHBOMICIYHI
Temmeparypu mnoOyayBath Tpadik  Xomy —IHX
TeMIepaTyp MpOTSArOM pO3PaxyHKOBOTO poky. I3
rpadika ciiji OTpUMaTH AaTH NEepexoay TemMrepaTypu
yepe3z 0 °C BecHoro, yepe3 +10 °C ta minyc 5 °C
BOCEHH.

[Toyatoxk mepmIoro po3paxyHKOBOTO  OCIHHBOTO
nepiony BU3HAYAETHCS aTaMu epexoy
temneparypu uepe3 +10 °C (T,,), 3aKiHUeHHS — IpU
nepexoni Temmneparypu uepe3d minyc 5 °C (T,,) —
MOYaTOK 3aMep3aHHs IPYHTY. TpHBasiCTh MEPIIOTo
nepiogy T, (mo0a) BU3HAUYAE€ThCS KUIBKICTIO ai0 3a
KalleHaapeM MDK po3paxoBaHumu gatamu (T, =
Tso — Tho)- IloUaTok TpPEeTHOrO BECHSHOTO MEPIOAY
(T,z) BU3HAYAETHCS JATOI MEPEXONy TEMIIEpaTypu
gyepe3 0 C BecHorw [1]. JlaTy 3akiHYeHHS BECHSIHOTO
nepiony (T,;) BHU3HAUAIOTH MICIAS  PO3pPaxXyHKIB
PEeKUMY PO3TaBaHHS IPYHTY.

Ha nopansiromy erani HOCHIiJOBHO JUIsl KOXKHOTO JTHS,
MOYMHAIOYM 3 JaTh TOYaTKy BECHSIHOTO Tepiomy
(Tyz), BUKOPHCTOBYIOUM  METEOPOJIOTIUHI  JaHi
PO3paxyHKOBOI'O POKY, BH3HAUalOTh TOBIIMHY IIapy
rpyHTy [3], B siIKOMy po3Tae g 3a OmHy 100y B
aKTUBHIN 30H1 3€MISHOIO ITOJIOTHA, M:
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the calculations. Payment for the following
methods should be performed for each
specified year alone.

For the calculations necessary to have
statistics  of  such  meteorological
observations meteorological values:

- average daily temperature during
the year;

- the average temperature during
the year;

- average temperature in the ground
during the year;

- number of rainfall,

- the intensity of precipitation;

- duration of rainfall;

- lack of air saturation.

Determining the length of the
settlement period and mode of thawing
soil
Certain limits the periods determined by
the temperature regime. To determine the
appropriate  dates onset temperature
follows the meteorological data on average
monthly temperature plot the course of
these temperatures for given year. From
the graph should be obtained through the
date of transition temperature of 0 °© C
spring through +10 ° C and -5 ° C in
autumn.

The beginning of the first settlement dates
fall period is determined by the transition
temperature +10 ° C (T,,), end - through
the transition temperature of -5 ° C (T,,)
early freezing of the soil. The duration of
the first period T, (day) is determined by
the number of days between the calculated
calendar dates (T,=T,, —Ty). The
beginning of the third spring period (T,;)
is determined by the date of transition
temperature of 0 °C in spring [1]. The date
of completion of the spring season (T,;)
define the calculation mode after thawing
soil.

In the subsequent stage sequentially for
each day starting from the beginning of the
spring season(T,;), using meteorological
data was calculated, determine the
thickness of the soil layer [3], which thaws
the ice one day in the core of the roadbed, m:



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

h. = 4,86:1-24- tg—t
! 8- Waec'p

Ry +Ry -4, 1)

+0,25:- Rp+Ry?2:-42-05-

1e A — KoediIleHT TEIUIONPORBITHOCTI TAJIOTO TPYHTY,
Br/(m -K) [3];

tz — TemnepaTypa TOBITpS,
npopoyTrBopenns, °C [3];

0 — TpHUXOBaHA TEIUIOTA JIbOJOYTBOPCHHS, sKa
nopisHioe 334 kJx/kr;

Weee — pO3paxyHKOBa BECHSHA BOJIOTICTh IPYHTY
3EMJISSHOT'O TOJIOTHA, B JIOJISAX OJMHHUIIL,

p — WIBHICTD TPYHTY, Kr/M;

R;; — BenmnumHa, sika 3aJ€KUTh BiJI MIBUIKOCTI BITPY,
K-m% /Bt [3];

Ro — TeroBuii omip IOPOXXHBOTO OIATY, K'MZ'/BT,
PO3paxoByOTh 3a hopmysioro (2).

°C; ty — Ttemmeparypa

h o hy L
}\1+}L2+ +}\n’ (2)

R, =

ne hq, hy, h, — TOBIIMHU LIapPiB JOPOKHBOTO OJIATY,
M;
A, Ay, A, — KoedimieHTH TEIUIONPOBIIHOCTI
BimmoBiAHMX  mapiB, Bt/(Mm XK) (Bu3HauawTh
eKCIIePUMEHTaJIbHO, a 3a BIJACYTHOCTI HEOOXiJIHOTO
oOnaHaHHs — MpuiiMaroTh 3a Tadmurero ['.1 [4]).

OTpumaHi pe3ynbTaTd MOCTIZIOBHO CyMYyIOTh  h;.
Po3paxynku 3a ¢gopmynorw (1) BUKOHYIOTH JO THUX
1ip, HIOKU BUKOHYEThCS yMOBa:

hi < ana (3)
e Zyp rMMOMHAa MpOMEp3aHHs IPYHTY, M,

PO3paxoByIOTh 3a (HopMyIIok0 4 JUIsl pO3paxyHKOBOTO
POKY CIIOCTEPEKEHb.

4,86:AyT Rn+R,

Zyp = m'tn—t"‘}‘ ty — t; TR x 100 (4)
ne Ay — KoedimieHT TEeIUIOMPOBIIHOCTI MEp3J0Tro
rpyHry, Bt/(m -K);

T — nepiof MIPOMEP3aHH, TOJIMH

(Te x, w0 i T, BUpakeHe B rOJIMHAX);

0 — IpUXOBaHa TEIJIOTa JIbOJOYTBOPEHHS, JOPIBHIOE
334 xJIx/kr;

W — BonoricTe IpyHTY, J0J11 OUHUILI,

p — UIUTBHICTB TPYHTY, Kr/m>;

to, tr BIJIIOBITHO, TeMIlepaTypa TOBITPA,
IPYHTY (32 JAHUMH METEOPOJIOTIYHHUX CIIOCTEPEKECHB )
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h. = 4,86:1-24- tg—t
! &-Waec'p

05 Rp+Ry -4, 1)

+0,25- Rp+ Ry 2-22 =

where L — thermal conductivity of the soil
thawed, W / (m - K) [3];
tp — air temperature, °C; t;; — ice formation
temperature, °C [3];
o — latent heat of ice formation, which is
334 xJIx/kr;
W,.. — estimated spring soil moisture
roadbed, the fate of the unit;
p — density of soil, kg/m3;
R — the value of which depends on wind
speed, K'-m2-/W [3];

Ro - thermal resistance of pavement,
K-m2- /BT, calculated by the formula (2).

—h b, I
Ro=3t+32+ 4 38 (2)

where h,, h,, h, — thickness of pavement
layers, m;

A, Ay, A, — thermal conductivity of the
respective layers, W/(m xK) (determined
experimentally, in the absence of the
necessary equipment - taken from Table
D.1[4])

The results consistently mourn h;.
Calculations by the formula (1) to serve
until the following condition:

hi < ana (3)

where z,,— depth of soil freezing, m,
calculated by the formula 4 for the current
year observations.

4,86 AT

Ry+R,
Zip = gt tatat fh— T X 100 (4)

where A, — frozen soil thermal
conductivity, W/(m -K);

T — period of freezing hours
(the same as the T, expressed in hours);

6 — latent heat of ice formation 334 kJ/kg;

W — soil moisture, the fate of the unit;

p — density of soil, kg / m?;

t,, t. t, — respectively, temperature, soil
(according to meteorological observations)
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Ta JIboi0yTBOpeHHs, °C

3a gmaTy 3aKkiHYeHHS  TPEThOro  (BECHSHOIO)
po3paxynkoBoro nepioay (T,;) mpuiiMalOTh OCTaHHIO
1aty, 1Jis IKO1 BUKOHYBAJIUCh

po3paxyHkH 3a Gopmyrnor 6.1. TpuBamicTe TpeThHOTO
nepiony T, (moba) BH3HAuYAIOTH 3a KaJeHIapeM
KUTBKICTIO 110 MDK  pO3paxOBaHUMH  JaTaMu
3aKiHUEHHsS Ta TMOYaTKy BecHsHoro mepioxy (T, =
Tse — THB)'

TpuBanicTe 4eTBepTOro (JIITHHOTO) PO3PaXYHKOBOTO
Mepiogy BU3HAYAIOTHh 32 KaJICHIAPEM KUIBKICTIO 10
MK pPO3paxOBaHMMHM JaTaMH 3aKiHYEHHS BECHSHOTO
ta noyatky ocinuporo nepioay (T, = Ty, — Tap).

B Tabn. 1 mpencraBiieHi TpUBaJIOCTI PO3PaXyHKOBHX
nepiofiB, wmo Oyld BHU3HAYEHI Ha  OCHOBI
CTaTUCTHYHHX JTaHUX METEOPOJIOTIHHUX
cnocrepexkenb y KuiBcpkiit obmacti 3 2011 mo 2015
POKH.

and ice formation, °C.

By the date of completion of the third
(spring) settlement period (T,;) take the
last date for which payments were made as
follows: 6.1. Duration third period T,
(days) determined by the number of
calendar days between the calculated
expiration dates and early spring period
(TB = Ty — THB)'

Duration fourth (summer) billing period is
determined by the number of calendar days
between the calculated expiration dates of
the spring and early autumn period
(TJI = Tpo — T3B)'

In the table. 1 shows the length of billing
periods that have been identified based on
statistical ~data of  meteorological
observations in the Kiev region from 2011
to 2015 years.

Table 1 — Start dates during the change of
humidity

Tabmmuss 1 — Jlatu mnovatky mepiofiB 3MiHU
BOJIOT'OCTI
2 o| 8 o028 ° _ = = o ..a
SE Ll %E5E & s 2% £ 5 2 ¥ «
Q 5] Z Qe A o v < 3 Q
X & o a q 7 S A fun > 7 a & K
Zop»o| EQCox S o o a Z o T
SEEr| BEEag| E2F | £ & ® &
] L.2 S £ 59| & E | e | B E | 3
SR 1 Z S8 3¢ ¢ %
2 X8R | 2 T T ast| gExxa| Sa| 5 K B ¢
© 3 5 © s H o s H O = I N~ G
g & Q| = 8 0 0 5 oo 5 o s o 2 8
o O < e B o = o T 9 A
g9 E| £ o gs o o a, o 9 & =
=% | 2%F8 |EFE |2 |E %5
24.02.2015 02.11.2015 31.01.2016 23 08. 3.2015
1.03.2014 23.10.2014 13.01.2015 42 14.03.2014
13.03.2013 27  0.2013 09.02.2014 20 14.04. 013
20.03.2012 25.10.2012 11.01.2013 | 61 04.04.2012
14.03.2011 27102011 | 01.0 2012 | 48 08.04.2011
BucHoBkH

3MiHa TEMIIEPATypPHOTO PEXHUMY CYTTEBO BIUIMBAE Ha
MpOIeCH Mirpamii BOJIOTH Ta BOJOTOHAKOMHMYEHHS B
TPYHTI  3€MJITHOTO  TIOJIOTHA, 1  BIJTOBIJIHO,
O00OYMOBIIIO€ TPHUBAJICTh TEPMIHIB BOJHO-TEIJIOBOTO
PEXUMY TOPOXKHIX KOHCTPYKIIiH. 3TiTHO MPOBEAECHUX
po3paxyHKiB (Tab:1.1) 3a ocTaHHi I’ SITh POKIB CePEIHS
TPUBAIICTh: OCIHHBOTO TMEpioAy cKiIagae 3 Micsili,
3UMOBOrO0 — 10 1,5 micsig, BecHsHoro — mosaz 0,5
MICSIIIS, JTITHROTO — 7 MicsAIiB. B 3B’s3Ky 3 CyTT€BUMU
3MiHaMH TEPMiHIB PO3PaXyHKOBUX INEpioJliB BOJHO-
TEIUIOBOIO PEXHUMY, IPU BHU3HAYCHHI T'€HEPATbHHUX
PO3MIpiB IpEeHAXHUX KOHCTPYKIIN CIIiJ] BpaXOBYBaTH
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31.01.2016 3 08.03.2015

N

24.02.2015 | 02.11.2015

01.03.2014 | 23.10.2014 | 13.01.2015 42 14.03.2014

13.03.2013 | 27.10.2013 | 09.02.2014 20 14.04.2013

20.03.2012 | 25.10.2012 | 11.01.2013 61 04.04.2012

14.03.2011 | 27.10.2011 | 01.02.2012 48 08.04.2011

Conclutions

Changes in temperature significantly
affects the processes of migration of
moisture and accumulation of moisture
in the soil subgrade, and accordingly,
determines the duration of time water-
thermal regime of road constructions.
According to the calculations (table.1) over
the past five years, the average duration of
the autumn period is 3 months, winter — up
to 1.5 months in spring and more than 0.5
months, years — 7 months. Due to



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

MUTOMHUH HAJUIMIIOK BOAM BiJ 31MB, 3JIMBOBUX Ta
OOJIO)KHMX JIONIIB, SKI XapaKTepU3YIOThCSA CBOEIO
MiJBUIICHOI0 1HTCHCHBHICTIO B JIITHIA Tepioja, Ha
BIIMIHY BiJl ICHYIOUMX HOPMATHBHUX PEKOMEHMIAIi
o0 MiA00py MapaMeTpiB JAPEH B 3aJIEKHOCTI BiJ
BECHSIHOI'O BOJIOTOHAKOITMYEHHS.
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significant changes in terms of billing
periods fluid and thermal conditions when
determining the size of the general
drainage structures should take into
account the specific excess water from
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characterized by its high intensity in the
summer, unlike existing regulatory
recommendations for drains selection
options depending on spring accumulation
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VI]IK 624
KBama B.T'., 1-p Texu. nHayk, Korenko B.T., Heuunopenko M.B., Cyxocrar O.C.

MPOMO3UIII 3 PEKOHCTPYKIII MOCTY YEPE3 p.BOPCKJIA
BLJISI ¢.KOIIUJIM HA ABTOMOBLIBHIN JOPO3I
M-03 — KHIiB — XAPKIB - IOB)KAHCBbKHIM KM 344+615

AnoTtauis. Ha 6a3i BU3HaU€HOTO TEXHIYHOTO CTaHy HaJaHi MPOIO3UIIi] 3 pEeKOHCTPYKIii MOCTY (TIpaBuit
mpoi3n) uepe3 p. Bopckina Oins ¢. Konwmm Ha aBromopo3i M-03 — KuiB — XapkiB — J[oBaHCBKHIT KM
344+615.

OO0’ exT mocaiKEeHHS - MICT uepe3 p. Bopckia.

Meta pobGoTu - po3poOka MPOMO3UIKA MO PEKOHCTPYKIT MOCTYy 13 30EpekEHHSIM OCHOBHHX
apXITEKTYpHUX PIIIEHb ICHYIOYOT'0 MOCTa, BUPIIIEHHS €KOJIOTTYHUX MPOOIIeM.

MeTtoau AOCIHIHKEHHS - aHATII THKO-EKCIIEpUMEHTaIbHI

KuarouoBi cioBa: TexHIYHUN CTaH, MICT, PEKOHCTPYKIIis, MiJACUJICHHs, iCHyloya Oanka, MiJaBICKa,
HEpO3pi3Ha CUCTEMA.

UDC 624
Kvasha V.G., d-r of science, Kotenko V.T., Nechyporenko M.V., Sukhostat O.S.

PROPOSALS FOR RECONSTRUCTION OF THE BRIDGE ACROSS THE
VORSKLA RIVER NEAR THE VILLAGE OF KOPYLY ON THE ROAD
M-03 - KY 1V - KHARKIV - DOVZHANSKIY KM 344 + 615

Abstract. On the basis of the technical condition of submitted proposals for the reconstruction of the
bridge (right of way) across the Vorskla river near the village of Kopyly on the road M-03 - Kyiv -
Kharkiv - Dovzhansky km 344 + 615.

Obiject of research - the bridge across the Vorskla river.

Purpose - development of propositions on the reconstruction of bridge with maintenance of basic
architectural decisions of existent bridge, decision of ecological problems.

Research methods - analytical and experimental.

Key words: technical condition, bridge, reconstruction, reinforcement, the existing beam, suspension, the
continuous system.

YK 624
Kpama B.T'., 1-p TexH. Hayk, Korenko B.T., Heuunopenko M.B., Cyxocrar A.C.

HPEJIOKEHUSA IO PEKOHCTPYKIIMU MOCTA YEPE3 p.BOPCKJIA
BO3JIE ¢.KOIIBLJIBI HA ABTOMOBWJIBHOM JIOPOTE
M-03 — KHEB — XAPBKOB — JJOBJKAHCKHM KM 344+615

AnHoTanms. Ha 0ase omnpenerneHHOr0 TEXHUUYECKOTO COCTOSHHS MPEICTaBICHbI NPEIJIOKEHHs IO
PEKOHCTPYKIIMKU MocTa (mpaBbiii mpoesn) yepe3 p. Bopckia Boszne c. Kombutel Ha aBTOMOOMIBHOM
nopore M-03 — KueB — XappkoB — JloBxxaHnckuit km 344+615.

OObeKT uccnemoBanms - MOCT 4epe3 p. Bopckia.

Lenp pabGoTbl - pa3paboTka NPOMO3UIMKA MO PEKOHCTPYKIMH MOCTa C COXPAHEHHEM OCHOBHBIX
APXUTEKTYPHBIX PEIICHHUI CYIIECTBYIOIIETO MOCTA, PEIICHUE 3KOJIOTHYECKUX TPOOIIeM.

MeTobl HcClIeIOBaHUS - AHATUTHKO-IKCIIEPUMEHTANIbHBIE.

KiawueBble cJoBa: TEXHUYECKOE COCTOSHUE, MOCT, PEKOHCTPYKIHS, YCWICHHUE, II0/IBECKa,
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CyILECTBYIOILAs Oaika, Hepa3pe3Hasi CuCTeMa.

Beryn
VY mpomo3umii 3 PeKOHCTPYKIiI MOCTY 4epes p.
Bopckna 6inst c. Konmnu Ha aBronmoposi Kuis -

XapkiB -  [omxaHcekuii, kM  344+615
pPO3IISINAETbCA  METOA  PEKOHCTPYKIIT 13
3aCTOCYBaHHSIM  MOHOJITHOTO  3aji300€TOHY,

TOOTO TaKUM YMHOM K 1 OyayBaBes y 1952 pori.

Icropuynmii orssia Oy1iBHUIITBA Ta
eKcIuTyaTamii MocTy
Mict 4yepe3 p. Bopckma 6ins c. Kommm
po3ramoBaHuii Ha 00’1311 M. IlonraBa mopororo

Kuie - Xapkie - J[lomxkancekuii. Jlopora
OynyBamnacs Ha  BukoHaHHs  [locranoBu
(TocynapctBennbiii  Komuter  OO6OpOHBI, T.

Mocksa) Bix 4 nmumHs 1945 p.

ByaiBHUIITBO qOpOrM Ha AUISHIN Bia XapkoBa J0
Kuea nosxunoro 464 km 3akinuwm y 1952 pori.

[lonibHOrO THIMy MOCTH 13 3aCTOCYBaHHSIM
MOHOJITHOTO 3alli300eTOHy MMOOyAOBaHI dYepes
piuky Ilcron Oins c. binonepkiBka Ta 4epe3 piuky
Cyna 6ins c. 3acymna. | mo mporo wacy
3HAXOISTHCS B €KCIUTyaTaIlii.

X  DO3WTMBHMM  MNPUKIAX  3aCTOCYBaHHS
MOHOJITHOTO 3a/1i300€TOHY MOKHA MPHUBECTH
OyAIBHULITBO MOCTY uepe3 piuky Bopckia 0is c.
binuku Kob6ensupkoro paitony y 1930 pori.

Preamble
In proposals for the reconstruction of the bridge
across the Vorskla river near the village of
Kopyly on the road M-03 - Kyiv - Kharkiv -
Dovzhansky km 344 + 615 is discussed the
method of reconstruction with the use of
reinforced concrete like built in 1952.

Historical overview of construction and
working of the bridge
The bridge across the Vorskla river near the
village of Kopyly is located on the detour of Poltava
city on the road M-03 - Kyiv - Kharkiv -
Dovzhansky. A road was built on the perform of

Decree (The State Defense Committee, Moskow city)
from July 4, 1945,

The construction of the road on location from
the Kharkiv to Kyiv length of 464 km was
finished in 1952.

The bridges of this type with using reinforced
concrete were built across the river Psel near the

Bilotserkivka village and across the river Sula near the
Zasullya village. And so far in use.

As a positive example of reinforced concrete can
result in construction of a bridge across the river
Vorskla near the Bilyky village the Kobeliaky
area in 1930.

SRIES 8 - .
Pucynok 1 - BumpoOyBaHHS MoOcTy uepe3 p.
Bopckna 6ins c. binuku KoGensupkoro paiiony
TICHS] PEKOHCTPYKIIT

[Ile mpukiax MOCTY 13 MOHOJIITHOTO 3aJ11300€TOHY
B IlontaBi yepe3 p. Bopckna 6ing IliBnenHoro
Bok3any. [ToObynoBanuii y 1953 p. Bpaxae cBoero
JTOCKOHAJICTIO, HAAIWHICTIO 1 apXITEeKTYpHUMH
dhopmamu.
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Figure 1 - Testing a bridge across the Vorskla

river near the Bilyky village the Kobeliaky area
after reconstruction

Another example of a bridge with reinforced

concrete in Poltava city across the Vorskla river
near the South Station. Built in 1953. Impressive
its perfection, reliability and architectural forms.
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Pucynok 2 - Mict uyepe3 piuky Bopckma Oins
[TiBnennoro Bok3any M. [lonrasa

HaOytuit  nocBig  OyAiBHMLITBA  MOCTIB 13
MOHOJIITHOTO 3aJi300€TOHY HaJa€e MOXKIHUBICT
3aCTOCYBaTH TaKUil METOJ 1 MpU PEKOHCTPYKIil
MocCTy uepe3 piuky Bopckna 6ins c¢. Konwnmm Ha
aBToA0po3i KuiB - XapkiB - JloBXKaHCHKHA.

XapakTepucTHKA iCHYI0Y0r0 MOCTY
Ta HOro TeXHiYHMIi CTaH

[cuyrounii MicT po3TalmioBaHUN Ha MPaBOMY
npoizai  aBrogoporn  KwuiB - XapkiB -
JloBxancekuii, &M 344+615 3a cxemoro
8,5+22,2+33,0+7x22,2+6,5. loBxxkuHOO 225,6 M.
INabapur I - 7+2x1,5. 30ynoBanuii y 1952 porii Ta
3aMmpoeKTOBaHMN MmiJ HaBaHTaxeHHs H-13, HI'-
60. Mict sBhsie co00r0 0amoYHO - KOHCOJBHY
KOHCTPYKIIIO 3 MiJIBICHUMU IPOTOHAMH.

VY mporoni 2-3 miaBicHa mporoHosa OymoBa L =
17,04 ™, y mporonax 4-5, 6-7, 8-9 miaBicHi
nporoHoBi OymoBu L = 9,8 M. Onopu macuBHi 13
MOHOJIITHOTO  3ai300€TOHY  Ha  MaJbOBUX
dbynmamenTax [1].
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Figure 2 - A bridge across the Vorskla river
near the South Station in Poltava city

Gained experience building bridges with
reinforced concrete provides the opportunity to
use this method in reconstruction of the bridge
across the Vorskla river near the Kopyly village
on the road Kyiv - Kharkiv - Dovzhansky too.

Characteristics of the existing bridge
and its technical condition

The existing bridge is located on the right way
of road Kyiv - Kharkiv - Dovzhansky, km 344 +
615 on the scheme 8,5+22,2+33,0+7x22,2+6,5.
Length of 225.6 m.

Overall dimensions 7+2x1,5. Built in 1952 and
designed for the load N-13, NG-60. Bridge is a
girder-console construction with a hanging
spans.

A span 2-3 is suspended structure L = 17,04 m.
The spans 4-5, 6-7, 8-9 is suspended structure L
= 9,8 m. The pillars is massive with a reinforced
concrete on the pile foundations [1].
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Pucynox 3 - 3arasbHuil BHUIVIAL 1CHYIOUOTO
MocTy 4epe3 p. Bopckma 6ina c. Konwnmm Ha
aBTo/10p0o3i KuiB - XapkiB - JloBxkaHCHKUI

Y 1998 Ta 2004 pokax NpPOBOIUBCA PEMOHT

Mpoi3HOi  4YacTUHH, JAchOopMaIrlifiHUX  IIBIB,
BIJIHOBJIEH] OTIOpHI YaCTHUHU MIABICOK,
BCTaHOBJICHA Oap'epHa oropoka 1 3aMmiHEHI

nepwia. ['abapur 3amumuscs 7,0 M.

IIpoexTHi pimeHHs

Y 1983 poni mig yac OyAiBHHITBa MOCTY Ha
JTiBOMY MpOi3ai MpPOeKToM Oyno mnependadeHe
po30upaHHsT MOCTYy Ha MpaBOMy Mpoizmi. Ane
BOHO HE BiJJ0yJIOCh, OyB MPOBEICHUH PEMOHT.

Al "HdepxnopH/I"  mpomonye  mposecTH
PEKOHCTPYKIIIO ICHYIOUOIO MOCTY 4Yepe3 p.
Bopckna 6ins c. Konunu Ha aBTomopo3i KuiB -
XapkiB - JloxkaHChkud, kM 344+615 (mpaBuit
poizm).

[Tpono3uuismu JAI1 "depxnopHAI" nepenbdaueno
MIJICUJICHHS TIPOTOHOBOi OYyJOBH MOHOJITHUM
3aJ11300€TOHOM 13 3a0e3MeueHHIM
BAHTAXKOIITHOMHOCTI T pO3paxyHKOBE
HaBaHTaxeHHd A-15, HK-100 ta rabaputom I -
11,5+1x1,5.

[TincuneHHs NPOroHOBOI OYIOBU HPOMOHYETHCS
BUKOHATH 13 BIIAIITYBAHHSM JOAATKOBUX OaJIOK.
Icaytoui  Ganku  TOCHUIIOIOTBCS  30BHIIIHIM
JOIaTKOBUM  OeToHyBaHHsM. Kpim  11p0T0
BJIAIITOBYETHCS JOAATKOBAa Oajka MOCEpeauHi
MDK ICHYIHOUMMH OaikamMu 3 OONUpaHHSIM Ha
ormopu 1 BiIamITyBaHHAM aiagparmu. Takum
YUHOM pO3pi3Ha cuctemMa Oyne 3aMiHEHa Ha
HEpO3pi3Hy ab0 HaBiTh Ha paMHy 3 HYJIBOBUM
MOMEHTOM Ha OIOpaXx.
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Figure 3 - General view of the existing bridge
across the Vorskla river near the Kopyly village
on the road Kyiv - Kharkiv - Dovzhansky

In 1998 and 2004 was carried out repair of
the carriageway, expansion joints,
bearing member of suspension is renewed,
installed  barrier and railings is
replaced. Overall dimensions was remained
7.0m.

Design solutions

The project envisaged dismantling the bridge on
the right way during construction of a bridge on
the left way in 1983. But it not realized, bridge
was repaired.

SE "DerzhdorNDI" is proposes to reconstruct
the existing bridge across the Vorskla river near
the Kopyly village on the road Kyiv - Kharkiv -
Dovzhansky, km 344 + 615 (right of way).

SE "DerzhdorNDI" is proposes a strengthening
span with reinforced concrete with provision of
load on the estimated load A-15, NK-100 and
Overall dimensions 11,5 + 1x1,5

Strengthening span invited to perform with
arranging additional beams. The existing beams
is  magnifying of external additional
concreting.An additional beam is arranged too in
the middle between the existing beams with a
bearing on the pillars and fixing the diaphragms.
So, cutting system will be replaced on a integral
or even on a frame system with a zero point on
pillars.
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Pucynox 4 - IligcuieHHs iCHyrO4YOi IPOrOHOBOT OYZOBH Ta
00" eHAHHA 11 3 OIIOPOIO

Bumoru 10 ueMeHTO0ETOHY 10O
KOPO30CTiHKOCTI Ta TPIIMHOCTIMKOCTI

BHracnigok BImMBY Ha OeTOH aTrMochepHHX
¢dakTopiB (BOaU, XIMIYHUX CHOJYK, TEMIIEpPATypH
Ta 1H.) BiZOyBalOTbCA 3MIHM HOTrO CTPYKTYypU Ta
BJIACTHBOCTEMN. 3axuct OEeTOHHUX Ta
3a11300€TOHHUX KOHCTPYKIIM BiJ KOPO31HHOro
pyVHYBaHHS  3QIMINAETBCA  CKIAQHOK  Ta
aKTYyaJlbHOIO 33/1a4€10.

Oco0nuBO cniJl BIAMITUTH KOpO3it0 OETOHY Ta
3a7i300€TOHY MiJ Ji€l0 BOJHUX PO3UHUHIB,
BMIllyIouux  xjopuau  (koposis |l Bumgy).
Xnopuau 3MEHIIYIOTh MILHICTE
3YeIIeHHsIMiHepaJbHOIO  HAlOBHIOBaya 3
[leMEHTHUM KaMeHeM 3a paxyHOK copb6uii 3
BOJHOr0 po34yuHy IioHiB Na* mnoBepxHer
riipocuiikary KaJbllilo. Xnopuay,
NPOHUKAIYU [0 006 €My GETOHY B BOJHOMY
PO34YMHI BUKJIMKAIOTh UOr0 AeCTPYKILito, a IpU
JOCATHEHHI KPUTHUYHOI KOHLIeHTpalil B 30HI
pO3MillleHHA apMaTypHUX CTPUXKHIB
iHiniroTH KOpO3ito MeTasy [2].

3axucTUTH OETOH BiA PI3HUX BHUAIB KOPO3il
MOJKHA MUISXOM 3MEHIIEHHS WOro MOPUCTOCTI i
MONEPEPKEHHsI MPOHUKHEHHS B HBOI'O BOAM 1
BOJIHUX PO3YMHIB arpeCUBHHUX CIOJYK. SHIKECHHS
MOPHUCTOCTI IIEMEHTHOTO KaMEHs MOXe OyTHu
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Figure 4 - Strengthening the existing span and combining
it with a pillar

Requirements cement-concrete on frost
resistance and fracture toughness

A changing the structure and properties of
concrete as a result of exposure to weather
conditions (water, chemicals, temperature, etc.)
Protection of concrete and reinforced concrete
structures from corrosion is complex and
important task.

Protect concrete from various types of corrosion
can be achieved by reducing its porosity and
prevent the penetration of water and water
solutions a corrosive compounds.

It should be noted the corrosion of concrete and
reinforced concrete under the influence water
solutions that containing chlorides (corrosion
type II). Chlorides reduce the adhesion of the
mineral filler with a cement stone at the expense
of a sorbtion of water solution of Na + surface
hydrosilicates calcium. Chlorides penetrate to
the volume of a concrete in water solution and
cause its destruction, and when the critical
concentration in the area of placement of
reinforcing rods initiate corrosion [2].

Reducing the porosity of cement stone can be
attain by the primary and secondary concrete
protection for DSTU B.V.2.6-145:2010 [3].
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JOCSTHYTO METOJIOM MEPBUHHOTO i BTOPHHHOTO
3axucry 6erony 3a JICTY B.B.2.6-145:2010 [3].
3HIKYIOUM BOJIOTICTb OETOHY Ta 3aXMIIAI0Yu
HOro BiJl OTJIMHAHHSA BOAM Ta BOJHHUX PO3YMHIB
MOJKHa CTBOPUTH YMOBH, SIKi OyayTh NPOTHIISTH
PO3BHUTKY KOPO31MHHX MPOIIECIB yCiX BHIIB.
Tpimmau 3 po3KpUTTSAM > | MM. CBiAYaTh MPO TE,

oo  po3Mipu  apMarypu  abo  MomnepeaHi
Hampy>KeHHsT BUOpaHi HEBIpHO, TaK BOHH
BUHUKAIOTh TUIBKK B TOMY BUIMAIKYy, KOJH

MPOKJIaJIeHa TaM apMaTypa 3Ha4yHO cladmia, oo
OTUPATHUCS TOSBI TPilIuH [4].

MoHoJiTHI MPOrOHOBI OYJOBH 3apaxOBYIOTh 10
Kareropii MOpaJbHO 3acTapiliuX  3aJ0Bro [0
HACTaHHS TepMiHy (I3MYHOrO 3HOIIYBaHHA 1
BUUEPIIAHHSA pecypcy JIOBrOBIUHOCTI. IX Hecyui
KOHCTPYKIIi  MaroTh 3aJ0BUIBHUI cTaH 1 I
oJanbIIol HOpMaJbHOL eKCIUTyaTarlil
noTpeOyIoTh JIUIIE HE3HAYHOTO PEMOHTY, a MiCIIs
PEKOHCTPYKIIT MOXYTh €KCIUTyaTyBaTHCh I
JIECSITKH POKIB [5].

Jlnst  onmepskaHHs HeoOXimHoi iH(opmarii mpo
¢iznyanii craH 0eTOHY HEOoOXimHI rmOm  Horo
JOCTIKEHHS, $SKI MOJXKHA BHKOHATH TIJIBKH B
CTeniaxi30BaHuX BUIPOOYBaIBHUX J1AOOpATOPisX
Ha BIIIOpaHMX 3 KOHCTPYKILIi 3pa3kax OETOHY.
HocnimxkeHHss  OeTOHY  NOBHMHHI  BKJIIOYATH
BU3HA4YEHHs MHOro 3arajlbHUX XapaKTepUCTHK:

UIUIBHICTB,  THUIY 1 BMICTY  LIEMEHTY,
BOJIOIIEMEHTHOI'O BiHOIIIEHHS, TUITY i
TPaHyJIOMETPUIHOTO  CKJIATy  3allOBHIOBAYIB,

MOKa3HUKa OJHOPIIHOCTI O€TOHY, TIJIMOMHU
KapOoHi3allii, HasgBHOCTI XJIOpUIIB Ta iX
KOHIIEHTpaLlli B MPOIEHTaX BiJ BMICTY LIEMEHTY,
O3HaK XIMIYHOi arpecii O€TOHy 1 HasBHOCTI
arpecuBHUX XIMIYHUX PEYOBHH.

TexHoJoriyna nmocjaifoBHiCTh
BHKOHAHHS POOIT
byarennnanoM mependadaeThCcs  BIAIITYBAHHS

IUTONIAJIOK Ta MPOi31y B3IOBXK MOCTY 3 POOOUNM
MocTOM uepes p. Bopckia.
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If the concrete humidity is lower and protect it
from absorption of a water and aqueous
solutions can create conditions that will resist
corrosion processes of all kinds.

Crack the disclosure of> 1 mm. indicate, that the
size of reinforcement or prestressing incorrectly
selected, they occur only when there is laid
much weaker fittings to resist cracking [4].

Monolithic beam structure is referred to the
category obsolete long before the term physical
deterioration and resource depletion durability.
Their supporting structures have a satisfactory
condition and need only a minor repairs for
further normal operation and can be operated
even decades after a reconstruction [5].

To obtain the necessary information about the
physical condition of the concrete needed deeper
his research, can be performed only in
specialized laboratories on selected samples of
concrete structures. Concrete researching should
include definition of its common characteristics:
density, type and content of cement, water-
cement ratio, type and size distribution of
aggregates, concrete index homogeneity, depth
of carbonation, presence chlorides and their
concentration in the percentage of content of
cement, chemical aggression of concrete and the
presence of chemical agents.

Technological sequence
works

At the construction plan provides for placement
sites and travel along the bridge with the
working bridge across the VVorskla river.
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1 - cxmax matepianis; 2 - OyHKepa ajs meOHs Ta MmicKy; 3 -
TpaHCIOPTEP 3 JA03aTOpaMu; 4 - CKJIa]] IIEMEHTY; 5 - EMKICTh
JUii BOOM Ta J00aBok; 6 - wMimanka; 7 - OyHKep
LeMeHTOOeTOHHOT cymii; 8 - Mikcep

PucyHoxk S - byareHmian

i Buam poOiT HEOOXiMHO TependayuTH B
OKpPEMOMY MPOEKTI 1 BUKOHATH 32 PIK JI0 MOYATKYy
pobiT Ha MocTy. | TONOBHE, WIArOTYBaTH
IUIOIAAKY  JUIA 0azyBaHHS nepecyBHOL
0EeTOHO3MIIIYBaIbHOI YCTAHOBKH Ta MiJATOTYBAaTH
poOoui Kajapu A poOOTH Ha Hii: apMaTypHUKIB,
6eronnukis. [Tpundatu B3VY.

PoGotu Takoro BuIy OyqyTh BHKOHYBaTHCS
Brepiue. Ilicis BUKOHaHHS MIATOTOBYMX POOIT 1
rapaHTOBaHOI'0 (biHaHCYBaHHS MOYKHa
pO3NOYMHATH POOOTH MO PEKOHCTPYKLII MOCTY
(mpaBwmii poi3/) B Takii MOCI1AOBHOCTI:
- 3aKPUTTS PyXy TPAHCIOPTY 1O MOCTY;
- po30OupaHHs TPOI3HOI YACTHHH,
OTOpO3K1 Ta Mepu;

- MIZICUJICHHS OTIOp Ta PUTelliB;

- 00 €IHaHHSA HiBICOK 3 KOHCOISMU;

- 00pyOKa TpOTyapHUX KOHCOJIEI;

- IOBHHM IUKJ pOOIT Ha MEPIIMX JBOX 3aXBaTKax
(puIUTYBaHHS, aHKEpPH, apMyBaHHS, oMNanyOka,
OCTOHYBaHHS, NOTJIAN 3a OCTOHOM, PO3OHMpPaHHS
onaxyOKH Ta pUIITYBaHHS);

- MOBHUM IIUKJ poOIT Ha PEIITi 3aXBATOK;

- IIOKPUTTS NIPOI3HOI YaCTUHU;

- Oap’epHa oropoxKa;

- Iepusa, po3MiTKa;

- BUITPOOYBaHHs MPOTOHOBOI OYI0BH;

- BIIKPHUTTSA PyXy TPAHCIOPTY;

6ap epHoi
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1 - storage of materials; 2 - bunker hopper for crushed
stone and sand; 3 - conveyor with a dosing; 4 - storage of
cement; 5 - holding capacity for a water and a additive; 6
- mixer; 7 - bunker with a cement mixture; 8 - blender

Figure 5 - Building general plan

These jobs should be provided in a separate
project and perform a year before the work on
the bridge. And most importantly, to prepare a
platform for the deployment of mobile concrete
plant and prepare skilled workers to work on it:
finisher, concreting man. Get a concrete plant.

Works of this type will be performed for the first
time. After the preparatory work and guaranteed
funding can begin the reconstruction of the
bridge (right of way) in that order:

- closing traffic on a bridge;

- dismantling roadway, barrier and railings;

- strengthening pillars and beams;

- combining the suspension with consoles;

- stump the consoles;

- full cycle of work on the first two intervals
(scaffold, anchors, reinforcement, formwork,
concrete, concrete cleaning, disassembling
scaffolding and formwork);

- full cycle of work on other intervals;

- covering the roadway;

- barrier;

- railings, marking;

- Span test;

- start traffic on a bridge;

- dismantling the work bridge.
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- po30upaHHs poOOYOro MOCTY.
BucHoBKkH

Y  pa3i  mOpoBeneHHS ~ PEKOHCTPYKLII MOCTY
yepe3 piuky Bopckma 6ina c. Konwnu (mpaBuit
poi3n) no 3ampornoHoBaniii  JlepxmopH/I
TEXHOJIOTII II€ BUPINIMTh HarajabHy EKOJOTIUHY

npobiemy, MOB 's13aHY 3 yTUITI3AI1i€10
KOHCTPYKIIK Big po30upaHHs, KpiM TOTO,
HAaOyTHH  JOCBIA PEKOHCTPYKIii MOCTIB i3
3aCTOCYBAaHHAM MOHOJITHOTO  3alli300€TOHY

HAJIaCTh MOXJIMBICTh
PEMOHTYBAaTH MOCTH MOJIOHOTO THUIY.

Jlireparypa

1. YKPAHIPOBYJMICT. TexHiuyHuiéi 3BIT IO
pe3ylibTaTaM 00CTEeKEHHS aBTOI0OPOKHBOTO
MocTy 4epe3 p. Bopckiia Ha aBTo10po3i Kuis-
XapkiB-PocToB Ha [lony, 343 km - Kuis, 1998.

2. Konecnuk J.1O. Papmianiiino-xiMiyHa
MoudiKaris O0eTony (G yHKIIOHATTEHUMHA
cuitikoHamu. - Kuis, 2014.

3. ACTY Bb.B.2.6-145:2010 "3axuct OCTOHHHX i
3aJ11300€TOHHUX KOHCTPYKIiH Bix KOpo3ii'".

4. IlpuuumHbl  OoOpa3oBaHuUs U CHOCOOBI
yCTpaHEeHHs] TPEIIMH B KOHCTPYKIHSIX OETOHHBIX
MoctoB. Tpecr "Oprmopcrpoii"  Kues, 1980
(ITepeBon ¢ HEMELKOTO).

5. Kpama B.I'. "OOcTexxeHHs Ta BUIIPOOYBaHHS
aBTOJIOpOkHIX MocTiB" - JIbBiB, 2002.

Penenzentn:

Conclusion

If a bridge across the Vorskla river near the
Kopyly village (right of way) was reconstructed
by technology of the SE "DerzhdorNDI" this
solves a environmental problem ecologica,l
which related with the utilization of construction
dismantling, besides, learned lessons of
reconstruction the bridges with using the
reinforced concrete will allow possibility of
repair the bridges this type.
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VK 656.13
KoBanenko JI1.0., kaH/. TEXH. HayK.
OIIIHKA ABAPIMHUX CUTYAII HA JJOPOXKHINA MEPEKI MICT

AnoTauig. CrarTs NpHCBSIYCHA aHAJi3y BIUIUBY JOPOXKHIX YMOB Ta MapaMeTpiB TPAHCIIOPTHOTO
MOTOKY Ha CTaH aBapiiHOCTI Ha BYJHUISIX MicTa. B CTaTTI PO3TIISHYTI METOIU OIIIHKH O€3MEKU PyXy
Ha mepexpecTsx aopir. Busnaueni rpynu ¢akropiB, mo (GOpMyIOTh CTYHiHb HeOe3MeYHOCTi
MepexpecTs.

OO0’ €eKT OCTIIKEHHS — MICBKI BYJIHUIII Ta JIOPOTH.

Merta poOOTH — MiIBHILICHHS 0€3MEKH PyXy Ha Ioporax MicTa.

Metoau AOCHIKEHHS — aHATIITHKO-€KCIIEPUMEHTAIbHUN.

Kurouosi ciioBa: 6e3neka pyxy, aBTOMOOUIbHA 10pOra, Mepexpectsi A0pir, JOPOKHBO-TPAHCIIOPTHI
MPUTOH, KOH(IIIKTHI TOUKH.

YK 656.13
Kovalenko L., Prof., Ph. D.
EVALUATION OF ACCIDENT SITUATIONS ON THE URBAN ROAD NETWORK

Abstract. This article deals with the impact of road conditions and the parameters of traffic flow on
the accident rate on urban streets. The methods of evaluating traffic safety at road intersections are
considered in the given article. There were identified the groups of factors that shape the degree of
danger of road intersections.

Object of study - city streets and roads.

Purpose - to increase safety on urban roads.

Methods - analytical and experimental.

Key words: traffic safety, road, crossroads, traffic accidents, conflict points.

VJIK 656.13
KoBanenko JI.A., KaH]l. TEXH. HayK.
OILIEHKA ABAPUMHBIX CUTYAIIUM HA JOPOKHOWM CETH 'OPOJOB

AnHotanusa. CTaThsi MOCBSIIEHA aHANU3Y AOPOXKHBIX YCIOBUH M MapaMETPOB TPAHCIIOPTHOIO
MMOTOKA HA COCTOSIHUE aBapUMHOCTH HA TOPOJICKUX yiHIax. B crarbe paccMOTpPEHBI METOIBI OIIEHKH
0€30MacHOCTH  JIBIKEHHS Ha TepecedeHusx jgopor. OmpeneneHbl rpymnmbsl  (GakTopos,
(hOpPMUPYIOIIUX CTETIEHb OIMTACHOCTH TTEPECEUCHHS.

OOBeKT Hccae10oBaHus — TOPOJICKHUE YIHUIIBI U JJOPOTH.

[lens paboThI — OBBINICHHE 0€30MMACHOCTH JBMKEHUS HAa TOPOJACKUX JI0POTax.

Mertoabl ucciae10BaHUS — AaHATTMTUKO-3KCIIEPUMEHTAIIbHBIN.

KuioueBbie cioBa: 0€30MacHOCTh JIBIDKCHHS, aBTOMOOWJIbHASI JIOpOTra, MEPECeUYeHHs JOpor,
JOPOKHO-TPAHCTIOPTHBIE MPOUCIIESCTBUS, KOHPIUKTHBIE TOUKH.

Beryn Introduction
ABTOMOOITBEHHI TPAHCIIOPT € HAWHEOE3MEYHIITUM Road transport is accident prone among other

3 yCiX BHJIIB TPAaHCIOPTY. 3a BCiMa JTaHUMH Came modes of transport. According to all available
JIOPOXXHBO-TPAHCIIOPTHI ~ TMPUTOAM  3alMaroTh data, traffic accidents occupy the first place in
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mepuie  Mmicnme 1o YMcily  3arubamx i
noctpaxkaanux. [lo mux mapamerpax aBTOMOOLT
3HAYHO OOTaHSIOTh 3aI3HUYHMK, aBlalliiHHHN 1
BOJHUH  TpaHcrmopT. JlOpoXHBO-TpaHCIIOPTHI
BUMAJIKA € OCHOBHOI TPUYMHOIO 3arudeni
moneli. Boun BimOyBarOThCs 3 0ararbox NMPHYMH,
cepell SIKUX € K TeXHIYHI, TaK 1 JIOJAChKI YAHHUKH

[1].

Bucoki Temmnu 3pocTaHHs aBTOMOOUIBHOTO MapKy
1 BIAMOBIAHO 30ULIBIICHHA IHTEHCHBHOCTI PyXY
TPAHCHOPTHUX TIOTOKIB HA MICHKUX BYJIHISX Ta
JI0pOorax 3HAayHO 3aroCTPIOIOTh MPOOJIEMy, IO
oB’sA3aHa 13 3a0e3leuyeHHAM Oe3leKd B3aeMOMil
TaKWX KaTeropiil yyaCHUKIB JTOPOKHBOTO PYXY, K
TPAHCIIOPTHI 3aCO0M Ta MIIIOXOIH.

3 yciel KUIBKOCTI JOPOXHBO-TPAHCIIOPTHUX
npuroa (UATII) 67% npunagae Ha BYJIMYHO-
JTOPOXKHIO MEpexy MicT. Ha pexxuMu pyxy MoToKy
aBTOMOOUTIB Ha MICBKHUX BYJHIIX 1 JOPOTax Mae
BIUIUB ILUIMA psAg  (GakTopiB, BIAMIHHHUX BiJ
M03aMiCBKHX YMOB: HasBHICTh 0araToCMyroBUX

NPOI3HUX YaCTMH B  OJHOMY  HaIpsMKY,
po3TalryBaHHS TPOTyapiB OJIM3BKO JO JOPOTH;
CKJaJ  TOTOKY, 4acToTa  pPO3TallyBaHHS

CBITJIO(OPIB 1 TPUBAIICTh iXHIX IIUKJIB; BEJIUKa
MOKJIUBICT, TIOSIBM MIIIOXOMAIB HA MPOi3HIN
YaCTHHI; HasBHICTh y MOTOI[l 3HAYHOI KIJIBKOCTI
CYCHUIBHOTO ~ TPaHCHOPTY; Maja  JOBXHHA
MEPETrOHIB; BUCOKA IHTEHCUBHICTh 1 WIUIHHICTh
PYXY; PI3HOMAaHITHUHA PEXUM PYyXY TPaHCIOPTY;
BEJIMKa KUIBKICTh NEPETHMHAHb B OJHOMY pIBHI;
HasBHICTb CTOSHOK Y3J0BX OOpTIB MpOi3HOL
YaCTUHU BYJMIlb; BEJMKa KUIBKICTh 1H(OpMaIi,
10 HAJAXOAUTH A0 BOJIIB [2].

AHaii3 CTaTUCTUYHUX JAHUX CBIMUMTE, 110 75%
NTII y wmictax BimOyBa€eThCs Ha TEPEXPECTIX.
Po3pobnenHs nieBUX 3aXOAiB, CHPSIMOBaHHX Ha
3HIKEHHSI aBapiiHOCTI Ta IX BXUTTA 3 OOKy
CIy’)k0 Harisimy 3a JOPOKHIM PyXoM, MOTpedye
BHU3HAUEHHS YITKUX (aKTOpiB, K1 BIUIMBAIOTh Ha
BUHUKHEHHS aBapiiiHO HEOE3MeYHHX [IISTHOK —
Mmicib KoHmeHtparii JTII.Merogn Bu3HadeHHS
piBHS Oe3nekn pyxy Ha TMEepeTHMHAaHHSAX JOpir
MalOTh CIPOIICHWHA XapakTep 1 He JaroTh
00’€KTUBHOI OIIIHKM KOH(QUIIKTHUX CHUTYallii, sKi
MOCTIHO BUHHMKAIOTH [3].
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the number of killed and injured. Following
these parameters, automobiles significantly
outperform the rail, aviation and water
transport. Traffic accidents are a major cause
of death. They occur for a score of reasons,
among which there are both technical and
human factors [1].

High growth of the automobile fleet and
therefore an increase in traffic density on city
streets and highways greatly exacerbate the
problem, connected with ensuring safety of
interaction of such categories of road users as
pedestrians and vehicles.

Of the total number of traffic accidents (RA)
67% accounts for the urban road network. The
driving mode of the traffic flow on city streets
and highways is affected by a number of
factors, which are different from non-urban
conditions: the availability of multi-lane one-
way movement carriageways; sidewalks
location close to the roadway; traffic-flow
composition, frequency of traffic lights
location and duration of their cycles; great
possibility of pedestrians emergence on the
roadway; the presence of a significant number
of public transport in the flow; short length of
intersections; high traffic intensity and
density; diverse traffic modes; a big number
of intersections at the same level; availability
of parking-lots along the sides of the
carriageway in the streets; large amount of
information provided to drivers [2].

Analysis of the statistics shows that 75% of
road accidents in urban areas occur at
intersections. Development of effective
measures directed to reduce the accident rate
and their adoption by the supervisory traffic
services requires determining clear factors
that influence the occurrence of accident
prone road sections — spots of road accident
concentration. Methods for determining the
level of safety on the road crossing points are
of simplified character and do not provide an
objective assessment of conflict situations that
constantly arise [3].
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BukJiax ocHOBHOro MaTtepiaiy
BusBneHnHs moTeHIiMHUX KOHGIIKTHUX TOYOK Ta
noJayiblia iX OLiHKA JO03BOJISAIOTH, HE OYIKYIOUH
BunukHenHs JITII, BxxuBatm 3axoiiB OO
3HMKEHHS aBapiiHOCTI. 3BUYalHO,
HalXxapakTEepPHIIUMHU ISl aBapiiHUX CUTYaIiil €
MICIIsI, /1€ 3YCTpPIYarOThCs, MEPEIUTITAIOTHCS UM
MEePECIKAIOTHCS TMTOTOKU TPAHCIIOPTHUX 3aCO0IB Ta
MIIIOXO/IiB, TOOTO TEPECIYCHHS BYJIUIb Ta JOPIT
Ha oaHOMYy piBHI. BomHowac icHye mpoOiema
MOIIYKY B3a€EMO3B’ 3Ky MIXK pI3HUMH THUIIAMH
KOH(QUIIKTHUX ~ TOYOK  Ta  KoedimieHTamMu
HeOe3MImeKH, SKI BIANOBINAIOTH IM Ta BIUIMBAIOTH
Ha CTYIIHb HeOe3MeKHu IepexpecTb. BusBiIeHHS
BOTO  B3a€MO3B’SI3KY  JIO3BOJIUTH  CYTTEBO
BIUIMHYTH HAa TOBHOTY W aJIeKBaTHICTh OILIIHKHU
HeOe3MeKH epexpecTsb.

JInst OWIHKM TOTEeHHIHHOI HeOe3NmeKu pyxy Ha
NEepeXpecTsiX ~ 3aCTOCOBYIOTb ~ METOJA  OLIHKHU
CKJIAJJHOCTI TIepexXpecTsi, MPH SIKOMY BHIUISIOTH
TPU BUIU KOH(QIIKTHUX TOYOK — PO3TAIYKCHHS,
3MUTTSA Ta TEPECIYCHHS TPAHCIIOPTHUX ITOTOKIB
[2,3]. IIpum  1upoMy  KOHQIKTHI  TOYKH
pO3TayKEHHSI, 3IUTTS Ta TIepECiueHHs OLIHIOIOTh
BigmoBigHo — 1, 3 Ta 5 Gamamu. 3arajgbHa OIiHKA
CKJIQJIHOCT1 TIepexXpecTss Ha OJHOMY pIBHI m
BU3HAYA€THCS 3a (POPMYII0L0:

m=1n,+3-n,+5n,, (1)
1€  Np—KUIBKICTb  TOYOK  PO3TATy>KEHHS
TPaHCIOPTHUX MOTOKIB;

N3 — KUIBKICTh ~ TOYOK  3JUTTA  TPAHCIIOPTHHUX

IOTOKIB;
N7 — KUTBKICTh TOYOK NEPECIYeHHs] TPAaHCTIOPTHUX
MOTOKIB.

3a MOKa3HUKOM M OIIHIOETHCS PIBEHBb CKIIATHOCTI
nepexpects B ojxHoMy piBHI. Ilpm 1pomy
MEPEXPECTs BBAXKAETHCS MPOCTUM, KO0 m < 40;
cepenHboi ckmamHocTi, skimo m = 40 —80;
ckimagauM, skmo m = 81 —150; ocoGauBo
CKJIaJIHUM, AKIIo m > 150.

OpHak 3a OJJHAKOBUX T€OMETPUYHHX MapamMeTpiB
TOTO YM IHIOIOTO TEPEXPEecTs, XapaKTePHUCTUKU
pPyXy TpPaHCIOPTHUX TOTOKIB HA HUX MOXYTh
CYTTEBO BIJIPI3HATHUCSA, IO B CBOIO 4Yepry
BiZoOpakaeThCsi Ha piBHI aBapiitHocti [2,3]. 3
ypaxyBaHHSIM IIbOTO B DSl ICHYIOUHX TMiAXOMIB
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Presentation of the main material
Identification of potential conflict points and
their further evaluation make it possible,
without waiting for the emergence of an
accident, to take measures to reduce
accidents. Of course, the most characteristic
for road traffic emergence is the place where
flows of wvehicles and pedestrians meet,
overlap or intersect on the same level.
However, there are problems of determining
the relationship between different types of
conflict points and hazard ratios that
correspond to them and affect the level of the
accident rate at intersections. Identifying this
relationship will allow to significantly affect
the completeness and adequacy of risk
assessment at intersections.

To assess the potential danger of traffic at
intersections, they use the method for
estimating the complexity of the intersection,
where one specifies three types of conflict
points — branching-off, merging and
intersection of traffic flows [2, 3]. At this,
conflict points of traffic flow branching-off,
merging and crossing are assessed according
to - 1, 3 and 5 points. The general estimation
of the road intersection complexity on one
level m is given by:

m=1n,+3-n,+5n,, (1)

where np - the number of traffic flows
branching points;

n3 - the number of points of traffic merging;
ng - the number of points of transport flows
intersection.

The level of complexity of the intersection
located at the same level is estimated
according to the index m. This intersection is
considered simple if m <40; of medium
complexity, if m = 40 - 80; complex if m = 81
- 150; particularly complex if m> 150.

However, due to equal geometrical
parameters of one kind of intersection or
another, traffic characteristics on them can
differ significantly, which in turn results in
the accident rate [2.3]. With this in mind, in a
number of existing approaches to assessing
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710 OLIHKH piBHS KOH(IIIKTHOCTI Ha MEpeXpecTsx

BBOJIUTHCS HOKa3HUK IHTEHCHBHOCTI
TPAHCHOPTHUX MOTOKIB:
§=001-> @, +N, )

ne & — IHTEHCUBHOCTI TPAHCTIOPTHUX MOTOKIB,;
N; i N2 — IHTEHCHBHOCTI TPaHCIIOPTHHX IOTOKIB,
10 KOH(IIKTYIOTh, aBT./TOJ.

Pesynbratu anHamizy MOCHIIKECHb, CHPSIMOBAaHUX
Ha TPAEKTOPIi Ta TUHAMIKY PyXy TPaHCIOPTHUX
3ac00iB Ha MEPEXPECTX IiJ] YaC BUKOHAHHS HUMHU
MIEBHUX MaHEBPIB CBiT4aTh MPO TE, IO B3AEMOJIIsA
TPAHCIIOPTHHUX IIOTOKIB € CKJIQJHUM SIBUIIECM, U
CIPOIIEHI OIlIHKKM KOH(MJIIKTHUX TOYOK Jal0Th
MOXXJIUBICTh ~ OTPUMATH  JIMIIEe  TIPUOIH3HE
YSBJICHHSI TPO ICHYIOUY CHUTYAI[ll0 Ha TOMY 4YH
iHIIOMY TepexpecTti Ha ogHOMY piBHI. Tomy mis
aJICKBaTHOI OIIHKKM KOH(QUIIKTHUX TOYOK Ha
nepexpecTi MOTPiOHO BUXOIWTH HacamIepen i3
ypaxyBaHHA pI3HOOIYHUX (DAKTOPIB, Y TOMY YHUCII
# JIUHAMIYHMX TapamMeTpiB  KOHQIIKTYIOUUX
TPAHCIIOPTHUX MOTOKIB.

besneka pyxy Ha THepeTHHaHHSAX 3aJEXKUTh BiJ
croco0y opranizamii pyxy. Ha mepexpectsx i3
CBITJIOQOPHUM PETyYIIOBaHHSIM MarOTh IepeBary
JBa BHIU JIOPOKHBO-TPAHCIOPTHUX MPHUTOJ:
Hai3l Ha aBTOMOOINb, IO PI3KO 3YNMHUHUBCS Ta
3ITKHEHHsT 3 aBTOMOOLIEM, IO pyxaBcs Ha
3a00pOHEHHI CUTHAI CBITIOPOPY.

Kpim TOTO, HEO0O0X1THO BpaxOBYBaTH
XapaKTEPUCTUKNA HASBHUX TMIIIOXITHUX TOTOKIB,
AK1 TepeciKaloTh MPODKIPKY YaCTHHY, OCKIJIBKU
BOHH € CKJIQJIOBOIO YaCTHHOIO JIOPOKHBOTO PYXy
y Mictax 1 Oe3nmocepelHbO BIUIMBAIOTH Ha
YTBOPEHHS CBOEPIAHMX THUIMIB  KOH(IIKTHUX
TOYOK, ILI0 y CBOI Yepry 3MEHIIye piBEHb
0€3IMeYHOCT] IEPEXPECTh.

Ha HeperynmpoBaHHX TIepexpecTsix, JIe JOpOTH, 110
NEPEeTUHAIOTHCS AUIATHCS Ha TOJIOBHY Ta

IpyropsiiHy — Oesneka pyxy 3aleXuTb  BiJ
JOTPUMaHHS MPaBUJI TOYEPTOBOTO MPOI3ay Ta yac
3HAXO/KCHHS aBTOMOO1JTIB JIPYTOPSATHOTO
HampsMKY B KOHQUIIKTHIH 30HI. Ha Mickkux
HEpPEeryJbOBaHUX IepexpecTsax Oesneka pyxy

BHU3HAYAETHCS IJIaHyBaJIbHUM pilICHHSIM
MepeTUHAHHS Ta IHTEHCHUBHICTIO pyxy
aBTOMOOUTIB  Ta  mimoxomiB. Yum  BuIe

96

the level of conflict at intersections they
introduce the index of traffic flow intensity:

§=001> €, +N, , )

where §- the intensity of traffic flows;
N; and N, - the intensity of conflicting
transport flows, aut./h.

The results of research analysis that deals with
the trajectory and dynamics of movement of
vehicles at intersections while they
accomplish a particular maneuver indicate
that the interaction of traffic flows is a
complex  phenomenon, and simplified
assessment of conflict points make it possible
to obtain only approximate understanding of
the existing situation at a particular one-level
intersection. Therefore, to adequately assess
the disputed points at an intersection, one
must first of all proceed with regard to diverse
factors, including dynamic parameters of
conflicting transport flows.

Traffic safety at intersections depends on the
method of traffic management. At
intersections with traffic light control there
occur two types of accidents: collision with a
vehicle, which stopped drastically, and
collision with a car that runs the red light.

One also needs to consider the characteristics
of existing pedestrian flows crossing the
roadway as they make a constituent part of the
road traffic in towns and directly affect the
formation of distinctive types of conflict
points, which in turn reduces the safety level
at intersections.

At uncontrolled intersections, where the roads
that intersect are divided into the arterial and
the minor ones, traffic safety depends on
implementation of rules of successive passing
the intersection and the time of secondary
street vehicles presence in the conflict zone.
At urban uncontrolled intersections traffic
safety is determined by a planning decision of
crossing the intersection as well as vehicular
and pedestrian traffic density. The higher the
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IHTEHCUBHICTh O JAPYrOpsiAHIA 0po3i 1 YUM
OJ>K4e BOHA O IHTEHCHBHOCTI IIO TOJIOBHIN
7I0po3i, THUM  dYacTile Ha  MepeTHHaHHI
HOPYIIYEThCS IPABUIIO YEProBOCTI MpOi3ly Ta
CTBOPIOETHCS KOH(IIIKTHA CUTYAITIS .

JUist TOCHIIDKEHHS YMOB pPyXy Ha TIepexpecTsix
OyJau TIPOBENCHI EKCIEPUMEHTAIbHI JOCIIiIKE-
HHS Ha MICBKMX BYIULAX 1 JOpOrax pi3HHX
kareropiii. OOpaHi [1BI MaricTpaiabHI BYIHII
paifonHoro 3HaueHHs —np. ['arapina, np. JIbBa
Jlanmay Ta [1B1 JKHTJIOBHUX BYJHUIS MICLIEBOTO

3Ha4eHHs — Byl. Momnouna, 1np. I'epois
Craninrpany.

[Tpocnekt I"arapina BITHOCUTHCS bi (o)
MaricTpajbHOI  BYJIMII  MICBKOTO  3HAYEHHS

(minsaka 1). Po3paxyHkoBa MIBHAKICT pPyXy
cknamae 90 xm/ron. IHTEHCHBHICT pyXy CKIIaTa€e
npsimo — 1992 aBr./rox., oopaTHo — 1798 aBT./TOSI.
[Ipocnexkr [l'arapiHa Mae Tpu CMyru pyxy B
OJTHOMY HampsIMKy Ta 3BopoTHomy. Illupuna
Npoi3HOi 4YacTuHU ckiagae 22,5 M. Ilokputts
BHUKOHAHO 3 ac(panbTOOETOHHOT CyMIlIIi.

[Ipocnext JIpBa Jlanmay Takoxk BiTHOCHUTHCS [0
MaricTpajbHOi  BYJHULI  MICBKOIO  3HAYEHHS
(minsaka 2). Po3paxyHKOBa MIBHIKICTB PyXy
cknagae 90 km/roa. [HTEHCUBHICTh PyXy CKJaaae
npsmo — 1825 aBt./roa., o6patHo — 1836 aBT./rox.
IIpocnexr JIpBa Jlangay mae 1mo Tpu CMyru pyxy
y KO’kHOMY HanpsaMKy Illupuna npoi3zHoi YaCTUHU
23 M, 3 ypaxyBaHHSM 3€JIEHOi PO3/IIIOBOI CMYTH
0,5 ™. IlokpuTrTs BynauIl BHKOHAaHO 3
acanpbrobeTonHoi cymimi. Ha mnepexpecti 3
npocriektoM ['epoiB  Cranminrpaay y /JABOX
HampsIMKax € 3YINHHKH MICBKOTO TPaHCHIOPTY,
Tposiei0yciB, aBTOOYCIB Ta MApPIIPYTHUX TaKCI.

Bymuis  Monouyna BiIHOCHTBCS 10 BYJHII
paitonHoro 3HaucHHs (miasHKa 3). Po3paxyHkoBa
IIBUJIKICTh pyxy CKJIa/1a€e 80 xkm/ron.
[HTEeHCHBHICTE pyXy cKiIamae mpsimo — 687
aBT./rox., oOparHo —661 aBT./ron. Bymuus
MosnouHa Mae 1Mo JBI CMYy3l pyXy y KOXHOMY
HaIPSAMKY. [Mupuna IIPOI3HOT YaCTUHU
KoauBacThes Bix 10 M 10 15 M.

[Ipocnekt I'epoiB CramiHrpagay BiTHOCHUTHCS 10
BYJIUIII paiioHoro 3HaueHHs (aiasHKad).
Po3paxyHkoBa  IMIBHAKICTH  PyXy  CKJIazae
80 km/roa. IHTEeHCUBHICTh PYXY CKIIAJa€ MPSIMO —
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traffic density on a secondary road is and the
closer it is to the traffic density of the main
road, the more often the rule of priority of
crossing the intersection is violated and there
is created a conflict situation.

To study the traffic conditions at intersections,
there was conducted experimental research on
city streets and highways of different
categories. There were selected two collector
streets - Gagarin Avenue, Lev Landau Avenue
and two local residential streets — Molochna
str., and Heroiv Stalingradu str.

Gagarin Avenue is a collector street (section
1). The design speed is 90 km/h. Direct traffic
density constitutes 1992 veh./year, reverse
traffic density constitutes - 1798 veh./year.
Gagarin Avenue has three lanes in direct and
reverse direction. The width of the
carriageway is 22.5 m. The wearing course is
made of asphalt mixture.

Lev Landau Avenue is a collector street
(section 2). The design speed is 90 km/h.
Direct traffic density constitutes 1825
veh./year, reverse traffic density constitutes -
1836 veh./year. Lev Landau Avenue has three
lanes in direct and reverse direction. The
width of the carriageway is 23 m, taking into
account the green dividing strip - 0.5 m. The
wearing course is made of asphalt mixture. At
the intersection with Heroiv Stalingradu
Avenue there are stops of urban transport,
trolley buses and route-taxis in both
directions.

Molochna str. is a collector street (section 3).
The design speed is 80 km/h. The direct
traffic density is - 687 veh./h, the reverse
traffic density is - 661 veh./h. Molochna str.
has two traffic lanes in each direction. The
width of the roadway varies from 10 m to 15
m.

Heroiv Stalingradu str. refers to collector
streets (section 4). The design speed is 80
km/h. The direct traffic density is - 951
veh./h, the reverse traffic density is - 1257
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951 amr./rom., obpatHo — 1257 aBT./ron.
[Ipocnekt I'epoiB CramiHrpaay mae 1mo aBi cMy3i
pyxy y koxxkHOMY Hanpsmky. Ilupuna mpoizHoi
15 m.

Jlis  BU3HAUEHHS WMOBIPHOCTI  BHHUKHEHHS
JIOPOKHBO-TPAHCIIOPTHUX MPUTOJ Ha BYJIUYHO-
JTOpOKHINA Mepexi Tpeba JOCTIAUTH KUIBKICTh
MOPYILEHb IIPABUJI JJOPOKHBOT'O PyXy Ha 00’ €KTax
JOCIIJDKEHHs, 00 came Ie B TepIry 4Yepry
BIUIMBA€ HAa MOJKJIMBE BHHUKHEHHS JOPOXKHBO-
TPAHCIIOPTHUX MPUToA. BuzHaueHHs HMOBIPHOCTI
BuHUKHEHHA J[TII MoxnuBe HIIIXOM BpaxyBaHHS
MoxuBoi kinmbkocti JTII 3 pospaxyHky, 10
KO)KHE TOpPYIIEHHS MPaBWI JOPOXKHBOTO PYXy
Mosxe npusBectu 10 JATII (Tabmn.1,2).

Taéauusa 1 — Kinekicts nopymiens [T/IP Bix
IHTEHCUBHOCTI TPAaHCIOPTHOTO IMOTOKY Ha
PEryJiboBaHOMY HIIMIOX1AHOMY Mepexoi

[HTEeHCHBHICTH TPAHCTIOPTHOTO
MTOTOKY
KinpkicTh Hinsuka 1 Hinsuka 2
nopyuens [P
5 584 -
6 - 495
10 1051 99
11 1735 1905
15 2015 -
16 2603 -
18 - 3009
19 - 3275
20 3407 -
23 3798 -
28 - 3992

Jlns BU3Ha4YeHHs (DAaKTOpiB, IO BIUIMBAIOTH Ha
aBapiiHICTh  TepexpecTb  Oyau  TPOBEJEHI
OOCTEeXEHHS Ha MEPeXpecTsiX TPAHCHOPTHHUX Ta
TPAHCMIOPTHHX 1 MIIMIOX1THUX TMOTOKIB. Ha ocHOBI
CIIOCTEPE)KEHb 32  TMOPYLICHHSAMU  TPaBUII
JOPOKHBOTO PyXy Oyio moOymoBaHO rpadiku
3anexxHocTi nopymeHHs [1JIP Bix iHTEHCHMBHOCTI
TS KO)KHOTO 3 TIEPEXPECTh, IO TOCIIIKYIOTHCS.
Takox  Ha  OCHOBI  CIOCTEpeXEHb  3a
MOPYIICHHSMH TPaBWI JOPOXKHBOTO PyXy OyIo
noOynoBaHO Tpadiky 3aleKHOCTI MOPYIIEHHS
IT/IP Bix wacy moOu 1J1si KOXKHOTO 3 MePEXPecTh.
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veh./h. Heroi Stalingradu Avenue has two
lanes in each direction. The width of the
carriageway is 15 m.

To determine the likelihood of accidents on
the road network, there should be examined a
number of traffic rules violations on the
objects of research, because it primarily
influences the possible occurrence of road
accidents. Determining the likelihood of
accident occurrence is possible by taking into
account the potential number of road

accidents on the basis that each traffic violation
can lead to accidents (tabl.1, 2).

Table 1 - Number of traffic rule violations,
depending on the intensity of road traffic at a
controlled pedestrian crossing The intensity of
the transport-foot stream

Traffic flow density
Number of Section 1 Section 2
traffic rule
violations
5 584 -
6 - 495
10 1051 992
11 1735 1905
15 2015 -
16 2603 -
18 - 3009
19 - 3275
20 3407 -
23 3798 -
28 - 3992

To determine the factors influencing the
accident rate at intersections, there was
carried out survey of traffic and pedestrian
flows at crossroads. Based on observations of
traffic violations there were built graphs of
dependence of traffic rules violation on the
traffic flow density for each of the
investigated intersection. Also, based on the
observation of traffic violations there were
built graphs of dependence of traffic rules
violation on the time of the day for each of the
intersections under study.
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Tabauusa 2 — Kinekicte nopymens [1JP  Bix
IHTEHCHBHOCTI TPAaHCIIOPTHOTO TOTOKY Ha
HEPEryJIbOBAaHOMY MIIIOX1THOMY MEPEX0Ii

[HTEeHCUBHICTb TPaHCIIOPTHOTO
MOTOKY
KinbkicTb Hinsuka 3 Hinsuka 4
nopyuuens IT1P
1 450 -
2 571 -
3 661 687
4 - 864
5 787 950
6 - 1121
7 1870 -
8 - 2237

Anamizyroun Tpadikd 3aleKHOCTI TOpPYIIEHb
MpaBWJI  JOPOKHBOTO  pPyXy  3ajJekXHO  Bif
IHTEeHCUBHOCTI pPyXy Ha MEePeXpPecTsix
TPAHCIIOPTHUX Ta TPAHCHOPTHHUX 1 MMIIOXITHHX
MOTOKIB, POOMMO BHCHOBOK, WI0 HaiOiIbIIe
YHUCIO TMOPYIIEHb TMPAaBUI JOPOKHBOTO PYyXy
BiIOYBa€THCS IPU MAaKCUMAIIbHIN IHTEHCUB- HOCTI
TPAHCIOPTHOTO TMOTOKY, a 3 M0OYyZOBaHUX
3anexxHocteil mopymens IIJIP Bim wacy mobwu
BUJIHO, 110 HaO1IbIIa KUTBKICTh nopyuieHs [1/[P
B11I0YBa€ThCS B TOAUHU «Imik» 3 11 10 13 rogunu
ta 3 16 no 18 romuuu. Tak, mMoxHa 3poOUTH

BUCHOBOK, III0 MaKCHUMaJlbHa  WMOBIPHICTb
BUHUKHEHHS ATII BiIOYBa€eThCA pu
MaKCUMaJbHIA 1HTEHCHUBHOCTI TPaHCIOPTHOTO

MOTOKY Y TOIMHH «ITIK».
BucHoBxku

besneka pyxy Ha mepexpecTsx BYJIHIb Ta JOPIr
3aNeXuTh BiA crnocoOy opradizamii pyxy. Ha
NEePexpecTsx 13 CBITIOPOPHUM PEryIOBaHHM

MalOTh  IepeBary JBa BHIAH  JTOPOXKHBO-
TPAHCHOPTHUX IMPHUrOJI: HAi3/1 HA aBTOMOOIJb, 110
pI3KO 3YNMUHUBCSA Ta 3ITKHEHHS 3 aBTOMOOLJIEM,
110 pyXaBcsi Ha 3a00pOHEHUI cUrHal cBiTI0(OPY.
Ha HeperynmpoBaHHX TIepexpecTsix, Jie JOPOTH, 110
NEPEeTUHAIOTBCA  JAIIATbCA HA  TOJOBHY Ta
IpyropsiiHy  Oesneka pyxy 3aleXuThb  BiJ
JOTPUMaHHS MPaBUJI TOYEPTOBOTO MPOI3AY Ta yac

3HAXO/KCHHS aBTOMOO1JTIB JIPYTOPSATHOTO
HanpsAMKY B KOHQIIKTHIN 30Hi.

Ha MichbkMX HEperyiabOBaHUX  MEpexXpecTsix
Oe3neka pyxy BH3HAYAETHCS IUIAHYBAJIbHUM

pIlIEHHSM TEPEeTUHAHHS Ta 1HTEHCHBHICTIO PyXy
aBTOMOOLTIB Ta  ImmoxoxiB. Yum  BuHIlE
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Table 2 - Number of traffic rule violations,
depending on the intensity of road traffic at an
uncontrolled pedestrian crossing

Traffic flow density
Number of Section 3 Section 4
traffic rule
violations
1 450 -
2 571 -
3 661 687
4 - 864
5 787 950
6 - 1121
7 1870 -
8 - 2237

Analyzing the graphs of traffic rules violation
based on traffic intensity at the crossroads of
transport and pedestrian flows, one can
conclude that the greatest number of traffic
rules violation occurs at maximum traffic
flow density, and according to the built traffic
rule violation dependences based on the time
of the day, it can be seen that the largest
number of traffic rules violation occur during
the “peak” hours from 11. 00 a. m. to 01. 00
p. m. and from 16. 00 p. m. to 18. 00 p. m.
Thus, we can conclude that there is maximum
probability of accident occurrence at
maximum traffic density during “peak” hours.

Conclusions

Traffic safety at road intersections depends on
the method of traffic management. At
intersections with traffic light control there
occur two types of accidents: collision with a
vehicle that stopped abruptly and collision
with a vehicle that ran through the red light.
At uncontrolled intersections, where the
intersecting roads are divided into the primary
and secondary ones, traffic safety depends on
the compliance with the rules of alternating
passing the intersection by vehicles and the
time spent by the secondary street traffic flow
vehicles in a conflict zone.

To determine the factors influencing the
accident rate at intersections, there was
carried out survey of traffic and pedestrian
flows at crossroads. Based on observations of
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IHTEHCUBHICTh O JAPYrOpsiAHIA 0po3i 1 YUM
OJ>K4e BOHA O IHTEHCHBHOCTI IIO TOJIOBHIN
JI0po3i, THUM  dYacTille Ha  IMepeTHHaHHI
HOPYUIYEThCA TPAaBHJIO YEProBOCTI Mpoi3dy Ta
CTBOPIOEThCS KOH(DIIiKTHA cutyanis. Ha Ge3nexy
pYXy Mae BIUIMB 1 IUIaHYBaHHs nepeTuny. llpum
panmiycax 3akpyrieHHs MmeHme 10 M aBTOMOOLTI
BUXOJATh 3a MeEXI BIJBEIEHOI IM CMYrM Ha
NPODKIUKIM YacTUHI Ta CTBOPIOIOTH 3aBaju Ha
iHIMX cMyrax pyxy. Ha mneperunanusx, ne
KOH(UIIKTHI TOYKH PO3MIIYIOThCS Ha BifacTaHi 10-
15 m oxna Big ogHoi, yucio JATII B 2 — 2,5 pasiB
MEHIIIE, HDK Ha TMEpPeTHHAHHSAX 3 TICHUM
po3mimennsM. HaiiGinbury HeOe3meky st pyxy
CKJIQJIAl0Th MOBOPOTH JIIBOPYY, OCOOIHMBO 3
apyropsaHol noporu. Ha ix moir0 mpuxoauTses
o Hik 40% Bix ycix JTII Ha nepeTnHaHHSX.
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Penenszenru:

traffic violations there were built graphs of
dependence of traffic rules violation on the
traffic flow density for each of the
investigated intersection. Also, based on the
observation of traffic violations there were
built graphs of dependence of traffic rules
violation on the time of the day for each of the
intersections under study. Analyzing the
graphs of traffic rules violation based on
traffic intensity at the crossroads of transport
and pedestrian flows, one can conclude that
the greatest number of traffic rules violation
occurs at maximum traffic flow density, and
according to the built traffic rule violation
dependences based on the time of the day, it
can be seen that the largest number of traffic
rules violation occur during the “peak” hours
from 11. 00 a. m. to 01. 00 p. m. and from 16.
00 p. m. to 18. 00 p. m. Thus, we can
conclude that there is maximum probability of
accident occurrence at maximum traffic
density during “peak” hours.
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Ko3zapuyk L.A., KaHJ. TexXH. HayK

BPAXYBAHHS TPAHCIIOPTHUX BUTPAT IIPU OLITHIIX
BAPTOCTI BYJIBHULTBA TUMYACOBUX CIIOPY I

AHoTalisA. Y CTaTTi NpOaHAIi30BaHO CTPYKTYpPY TPAHCIIOPTHHUX BUTPAT SIK CKIAJ0BOI BAPTOCTI TUMYACOBHX
OyxiBenb. JloCHiKEHO OCHOBHI TPHUHIMIIA DPO3PaxXyHKY MJaHUX BHUTpPAT 3a JIOTIOMOTOK) CKIIAJaHHA
KaJIbKYJISMii TPaHCIIOPTHUX BHUTPAT 1 3a YKPYIHEHHMH TOKa3HHKaMHu. PpaHKyBaHHS LIHM Ta MpaBHiIa
[HKOTEpMC pO3TIIAIAIOTHCS SIK MEXaHI3M Y3TO/DKEHHS YMOB IIOCTaYaHHS MIXK TIOKYIIIEM 1 IPOIaBIEM.
KarouoBi cioBa: [HKOTEpMC, OIiHKA, THMYacoBa OYIiBIsA, TPaHCIOPTHI BHUTpaTH, (paHKYBaHHS,
[IHOYTBOPEHHSI.

YK 332.6 : 68.003
Ko3zapuyk HU.A., KaH]. TEXH. HAYK

YYET TPAHCIIOPTHBIX PACXOJIOB ITP OHEHKE CTOMMOCTHU CTPOUTEJIBCTBA
BPEMEHHBIX COOPYKEHUI

AHHoTamusa. B cratbe mnpoaHaNM3MpPOBaHA CTPYKTypa TPAHCIOPTHBIX PACXOJOB KaK COCTaBJISFOIICH
CTOMMOCTH BPEMEHHBIX COOpYXeHHWH. MccienoBanbl OCHOBHBIC MPUHIIMITBI pacueTa JAHHBIX PacXoJiOB C
IIOMOIIIBKO COCTaBJICHUSA KaHLKy.TISIHI/II/I TpaHCHOpTHBIX paCXOI[OB U 110 prynHeHHI)IM IIOKA3aTCJIsSIM.
®dpaHkupoBKa IIeHbI M TpaBWjia WHKOTEPMC paccMaTpUBAIOTCS KaK MEXaHU3M COIJIACOBAHHS YCJIOBHIA
MOCTaBKU MEX]Ty TOKYIATEIeM W TIPOIABIIOM.

KiroueBblie c1oBa: BpeMEHHOE COOpyxeHue, VHKoTepMC, OlleHKa, TPAHCIIOPTHBIE PAcXobl, (PaHKUPOBKA,
1ieHoo0pa3oBaHue.

UDC 332.6 : 68.003
Kozarchuk I., Ph.D.

ACCOUNTING OF TRANSPORTATION EXPENSES WHILE ESTIMATING THE
CONSTRUCTION COST OF TEMPORARY BUILDINGS

Abstract. The article analyzes the structure of transportation expenses as a component of the cost of
temporary buildings. The basic principles of these expenses estimation using the compiling of transport costs
calculation and aggregative indices are being researched. Franco prices and Incoterms rules are considered as
a mechanism to coordinate the conditions of delivery between a buyer and a seller.

Keywords: evaluation, Franco price, Incoterms, pricing, temporary building, transportation cost.

IMocranoBka npodiaemMu Formulation of the problem

3abe3neuyroun MepeMilieHHs CHPOBUHU i TOTOBUX Providing the moving of materials and
BUpOOIB 31 cdepu BHpOOHHUITBA 10 chepu products from the manufacturing area to
CIIOKUBAHHSA, TPAHCIIOPT MPOLOBXKYE IIPOLEC consumption area, a transportation
BHPOOHHMIITBA. Butparu TPaHCIOPTY Ha continues the production process. Carrying
nepeMillieHHs 30UIBIIYIOTh BapPTICTh MPOIYKTY, L0 expenses of transport increase the cost of
MEPEBO3UTHCSA, TOMY IO J0 HEi J0Ja€ThCs the product to be transported, because the
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BUTpadeHa  BapTicTh  BUPOOHMYMX  (OHIIB
TpaHcnopTy W pobouoi cuiu. Ilpy 1npomy He
3MIHIOIOTBCS KIIBKICHI 1 SIKICHI XapaKTePUCTUKU
OpOAYKTY. Y 1bOMy MHoisrae  ocoOJMBICTh
OpoayKiii Tpancmopty. OCKUIBKH TPaHCIOPTHI
BUTpaTH € OaraTolapaMeTpUYHUMHU Ta MAalOTh
BEJIMKY Bary B LiHI OyJiBeIbHUX MartepiaiiB, sKi
BHKOPHUCTOBYIOTBCSI MPU OYIBHUIITBI TUMYACOBHX
CIOPYA, MPABWIBHUH iX PO3PAXYHOK € aKTYaJIbHOIO
po0JIeMOIO.

AHaJi3 10c/iIKeHb | myOJikanin

JlocmiKEHHSAMH JTaHOI MPOOJIEMAaTUKH 3aliMalIuCs
aBropu benoson B.B. [1], T'omyboa O.C. [2],
Ksan B.B. [5], Pwkmanb JI.1. [7] Ta iHmmi. Y cBoix
poboTax BOHU TPHIULUIA yBary CTPYKTYpi,
HOpPMAaTUBHIA 0a3i Ta NPHUHLIUIIAM PO3PAXYHKY
TPAHCIIOPTHUX BUTPAT, a TAKOX BII3HAYAIN IX
3HAYHUI BIJICOTOK BiJ 3arajibHOI LiHU OYAiBEIbHOI
MPOIYKIII.

Merta cTaTTi — JOCTiPKEHHS OCHOBHUX TPUHITUIIIB
ypaxyBaHHS TPAHCIIOPTHUX BUTPAT TPU OIIHII
TUMYaCOBUX OYIIBEIb 1 CIIOPY/IL.

OCHOBHA YaCTHHA JOCTIIKeHHS

4 KOIITOPUCHIH BapTOCTI Oy/aiBHULITBA
BPaxOBYIOTHCS KOIITH Ha 3BEJICHHS Ta pOo30WpaHHs
TUMYacOBHUX OyiBeNb 1 CHOPYA, HEOOXITHUX IS
BUKOHaHH$ OyJlIBEIbHUX POOIT Ta 00CIyroByBaHHS
MpaIliBHUKIB.

JIo TUTYIbHHX THMYacoBUX Oy/iBelb HalleXKaTh,
30KpeMa, THMYacoBI TIA’i3HI Ta 3E€MJICBO3HI
aBTOMOOUIBbHI JIOpPOTH, THUMYAcOBI MaTepiajibHO-
TEXHIYHI CKJIAQu Ta HaBiCH Ha OyaiBeJIbHOMY
MailaHYMKy,  THMMYacoBl  KaMeHeIpOOMIbHO-
copryBaibH1 ycTtaHoBKH, TuMuacoBi [[b3 1 AB3 Tta
iH.

Po3Mip KOmTIB Ha Taki CHOPYIM BHU3HAYAETHCS
srinito 3 JACTY H B .1.1-5:2013  [3]
KaJbKYJSIIIHHAM METO/IOM 32 JaHUMH TPOCKTY
opraHizauii OyaiBHMITBa ab0 3a ycCepeaHEHUMH
BiJICOTKOBHUMH TTOKa3HHKAMHU.

TpancopTHi BUTpaTH € OIHIEIO 31 CKJIAJ0BHX
BapTOCTI OyIiBeTbHUX Marepiaiis, K1
BUKOPUCTOBYIOThCS TIPU OyIIBHUITBI THMYACOBHX
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value of transport and labor assets spent is
added. At the same time, quantitative and
qualitative properties of the product are not
changed. This is the feature of a transport
product. Since transportation costs are
multivariable and take a big part of the
price of building materials, used in
constructing of temporary structures and
facilities, their proper calculation is the
actual problem.

Analysis of studies and publications

Investigations of this problem engaged the
authors: Byelovol V. [1], Holubova O. [4],
Ryzhman' D. [6], Zhvan V. [8], etc. In
their works they placed emphasis on the
structure, regulatory base, and principles of
transportation costs calculation, and also
noted their significant percentage of the
total price of construction products.

Purpose of the article — to study the basic
principles of evaluation of transportation
expenses as a part of the cost of temporary
buildings.

Main part of the study

The estimated cost of construction
considers costs accounted for the erection
and dismantling of temporary buildings
and facilities needed for the construction
works and maintenance of workers.

Title temporary buildings include, in
particular, the temporary access and earth-
transporting roads, temporary material and
technical storehouses and sheds at a
construction site, temporary crushing and
sorting plants, temporary cement and
asphalt plants, etc.

Size of funds for such facilities is
determined in accordance with DSTU N B
D.1.1-5:2013 [2] wusing a calculation
method according to the data of
construction project or according to the
averaged indexes.

Transportation costs are one of the
components of the value of building
materials, used in constructing of
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copyn, 1 CKIQJarTh
TOPTOBEJIHUX 3aTpar.

B 3arampHOMYy BHIIQAKy KOIITOPHCHA BapTiCTh
Oy/IiBEeJIbHUX MaTepiajiB BKIIOYAE:

* ONITOBY I[iHY IPOMHUCIIOBOCTI;

* BUTpaTH 3  JOCTaBKM  MaTepiaiiB  Ji0
npuo0’€KTHOTO CKIJIAAY (TPAaHCHIOPTHI BUTPATH);

. HAI[IHKH MOCTaYaIbHUAIIEKO-30yTOBUX
oprasizariii;

* BUTPATH HA Tapy, YIAKOBKY i PEKBI3UT;

* 3aroTiBeIbHO-CKJIAIChKI BUTPATH.

3Ha4HY  YacTUHY

Y OymiBHUITBI BHUTpaTH 3 JOCTaBKH MICIICBUX
OyIiBeNbHUX MaTrepialiB, BUPOOIB Ta KOHCTPYKIIii
10  TpHUOO’€KTHMX  CKJIAIiB  OyAiBeIbHOTO
MaiilaHYnKa BU3HAYAIOTHCS Ha OCHOBI
TPAHCIIOPTHUX CXEM 1 KOIITOPUCHUX IIIH Ha
nepeBe3eHHs BAaHTaXIB JJIsl Oy1iBHUIITBA.

Axmo cnoci®  TOCTaBKM  BIAPI3HAETBCS — Bif
BCTaHOBJICHOI TPAHCIIOPTHOI CXEMH, TO BUTpPATH,
MOB’sI3aH1 3 JOCTABKOIO Oy/IiBETIbHUX MaTepialiiB Ha
OymiBeNbHHMIA 00 €KT, BH3HAYAETHCSA  IIIITXOM
CKJIaJIaHHS KaJbKYJSIIl TPAHCTIOPTHUX BUTPAT.

3aranbpHa
BKJIIOYAE:
* BUTPATH Ha HAaBAaHTAXXYBaJIbHO-PO3BAHTAXKYBaJIbHI
orepariii;

* IPOBI3HY IUIaTa 32 aBTOMOOUIbHI, 3aJli3HUYHI Ta
PIYKOBI IIEPEBE3ECHHS;

* OIUIaTy 3a MoJlauy Ta 3a0MpaHHs BaroHiB Mij
HAaBaHTXCHHA 1 BHUBAHTAXECHHS B  IIyHKTax
BIJIIPABJICHHS 1 IPU3HAUCHHS.

BCIIMYHUHA TPAHCIIOPTHUX BUTpPAT

Jnst  po3paxyHKy KalbKYJSIii BHKOPHCTOBYIOTH
HACTYIIHI BUXIIHI JaHi:

1. Cy0’exktu  rocmojaproBaHHsI  (OPMYIOTh
BIJINYCKHI I[IHM Ha BUPOOJIEHI HUMH TOBapu 3
ypaxyBaHHAM a0o ©e3 ypaxyBaHHS BHTpaT,
MOB’sI3aHUX 3 IX TPAHCHOPTYBAaHHSIM 10 ITYHKTY,
O00OyMOBJIEHOTO  JIOTOBOPOM  (YMOBH  (ppaHKO).
3aJIe’)KHO BIJ BHUIlY BIJIITYCKHOT LIHU
IocTavaJlbHUKa 3MIHIOETBCS KUTBKICTb

TPAHCIIOPTHHUX OIepalliifi, MO BpPaXOBYIOThCA B
KaIbKYJISIIII.

2. [TuToma Bara MOCTaBKHM BKa3yeThCs Y BiJICOTKax
BIJI 3araJILHOI KUIBKOCTI.

3. Tapupm Ha  3a;i3HUYHI  HEPEBE3CHHS
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temporary structures and facilities. They
form a significant part of trading costs.

In general, the estimated value of building
materials includes:

 wholesale price of industry;

« costs of shipping materials to the on-site
store (transportation costs);

« markups of supply and marketing
organizations;

« the cost of tare, packaging and requisite;

* procurement and storage costs.

In construction, the costs to deliver local
building materials, products and structures
to the stores of building sites are evaluated
based on transportation schemes and
estimated prices of freighting.

If the delivery method is different from the
established transportation scheme, the
costs associated with the delivery of
building materials to the construction site
are determined by drafting the calculation
of transportation costs.

The total value of transportation costs
includes:

« the cost of loading and unloading
operations;

« freight fees for road, railway and river
transportations;

« payment for the supply and withdrawal of
railway carriages for loading and
unloading in the departure and destination
stations.

To draft the calculation, the following
input data are used:

1. Economic entities form selling prices for
their products including or excluding costs
related to transporting them to the point
specified in the contract (Franco prices).
Depending on the type of the supplier’s
selling price, the number of transport
operations, which are captured in the
calculation, is changed.

2. Specified weight of the delivery is
indicated in percentage of the total amount.
3. Railway tariffs include the cost of
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nependadaoTb BHTpPAaTH HAa TPAHCIOPTYBAaHHS
BAaHTAXIB I OYAIBHUIITBA IO KOJISAX 3arajbHOTO
kopuctyBaHHs. OcHOBHa Maca OyJIiBeIbHHX
MarepiaigiB MepeBO3UThCA MoBaroHHO. I[IpoBizHa
miara 3a I[epPeBe3eHHS BaHTaXIB 3aI3HUYHUM
TPAHCIIOPTOM BHM3HAYAETHCS BUXOISUU 3 HOPMH
3aBaHTXKEHHS PYXOMOTO CKJIaay 1 BijacraHi
nepeBe3eHHs. UMM MeEHIIa HOpMa 3aBaHTa)KCHHS
BaroHa i YuM OinbIa BiJICTaHb, TUM BHIIUHA Tapud
Ha MEepPEeBE3CHHA | T BaHTaxy.

4. KomTopucHI IIIHM Ha TEPEBE3CHHS BaHTaXIB
aBTOMOOUTBHUM TPAHCIIOPTOM YCTAHOBIIOIOTHCS B
3aNeKHOCTI  BiJ KJIacy BaHTaXy 1 BijAcTaHl
nepeBeseHHs. llpm  mepeBe3eHHI  OyaiBeITBHHX
BAaHTQXIB  aBTOMOOUILHMM  TPAHCIIOPTOM  BCI
MaTepiaau MOAUIAIOTECS Ha IT'SATh KiaciB. Yum
JIETIIUI MaTepiall, TUM BUIIUHN KJIac BaHTaXy, TUM
JOpOKUE OIIHIOETHCS TIEpEBE3EHHS | T BaHTaXKYy.

Han6asku npu nepeBe3eHHi1 BaHTaXiB
aBTOMOOUIBHMM  TpPaHCHOPTOM OyBalOTh JABOX
BH/IIB:

* 32 BUKOPUCTAHHS CIEI1alli30BaHOT0 TPAHCIIOPTY;
* 32 MEPEBE3CHHS BEITMKOTa0apUTHUX BAaHTAXKIB.

5. KomropucHi 1iHM Ha HaBaHTa)XXyBaJbHO-
PO3BaHTaXyBaJIbHI pobotu nepeadavaTh
HOpPMAaTUBHUN poO3MIp BUTpaT, TOB’A3aHUN 3
BUKOHAHHSM IIUX POOIT, BKJIIOYAIOUU MiAHOIICHHS,
COpPTYBaHHS 1  INTa0CNIOBAaHHS  MaTepialiB.
KomropucHi 1iHM BCTaHOBIIOIOTHCS 32 OCHOBHUMU
rpynaMyd MaTepialliB OKpPeMO HJisi 3aJi3HUYHUX,
aBTOMOOUTBHHMX 1 BOJHHMX IepeBe3eHb. BapricTh
BAaHTAXXHUX POOIT Ha CKIAJl 3aBOJy-BUPOOHHKA
BpaxoBaHa B OINTOBUX IlIHAX Ha Marepianu (3a
BHHSITKOM BHUIMAJKIB, OOyMOBJICHUX Yy BiJMOBITHUX
npencKypaHTax ONTOBUX ITiH), a
PO3BaHTaXYyBaJIbHUX pOOIT HaA MPHOO’EKTHOMY
CKJIaJi — B OJJMHUYHHX PO3IliHKax [2].

[Ipy HEMOXXITUBOCTI BHU3HAUEHHS TPAHCHIOPTHHX
BUTpAT Ha TMIJCTaBl KaJIbKYJAIl Il BHUTPATH
MOXYTh BU3HAYATHCS 3a YKPYITHEHUMHU
IMOKa3HUKAMHU.

B ykpynHEeHHX TOKa3HWUKaX TPAHCIOPTHI BUTPATH,
SIK TIPaBWJIO, HABOJATHCS B TPH. HA 1 T 00Ja HAHHS
abo y BiJICOTKax BiJ BIAMYCKHOI I[iIHU OOJaJHAHHS
JUTsl TIEBHOTO OY/IIBHHUIITBA 200 TTEBHUX PalOHIB.

VY TpaHCHOpPTHI BUTPAaTH Ha INEPEBE3CHHS BOIHUM
Ta aBTOMOOUIBHUM TPAaHCIOPTOM HerabapuTHOTO
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transportation of the construction freights
by railway lines for public use. Most of the
building materials are transported in
railway carriages. Freight fee for railway
transportation is determined based on the
rate of rolling stock load and transportation
distance. The lower the rate and the greater
the distance, the higher the tariff for
transportation of 1 ton of loads is.

4. Estimated prices for freighting by
automobile transport are set depending on
the freight class and transportation
distance. When transporting construction
freights by road, all materials are divided
into five classes. The lighter the material,
the higher the freight class is, and the more
expensive it is to transport 1 ton of load.

There are two types of extra charges for
the carriage by road:

« for using a specialized transport;

« for transportation of an oversized freight.

5. Estimated prices for loading and
unloading works cover the normative
amount of costs associated with the
performance of these works, including
carrying, sorting and stacking of materials.
Estimated prices are set by the major
groups of materials separately for railway,
road and water transportation. The loading
cost at the manufacturer storehouse is
included in wholesale prices for materials
(except as specified in the respective listed
wholesale prices), and unloading cost at
the on-site stock — in a unit pricing [4].

If determining the transportation costs
basing on this calculation is impossible,
these costs can be determined by
aggregated indexes.

Transportation costs in aggregated indexes
are usually adduced in UAH per 1 ton of
equipment or in a percentage of the selling
price of equipment for a certain
construction or a certain region.

When using a water or road transport, the
transportation  costs  of  oversized
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o0yaHaHHS B Hepo3ibpaHoMy BUTIISAI
BKJIIOYAIOThCS ~ BUTPATH  HAa  IPUCTOCYBAHHS
TPAHCHOPTHUX 3acO0iB /0 YMOB TIEpEBE3CHHS,
BJIAIITYBAHHS CIELIaJbHUX MPUYANTB, IMiJCUICHHS
MOCTIB,  BUOpPAMJICHHA  JOpIl,  TEPEHECEHHs
Oy/iBeJb TOIIIO.

BapricTh BUKOHaHHS TPOSKTHUX POOIT 3 PO3POOKH
METOIIB MepeBe3eHHS YHIKQJIBHAX BHUJIIB
HEra0apuTHOTO OOJIaJHAHHS TEPEHOCHUTHCS Ha
BapTICTh 00JIaHAHHS.

[Ipu HAIXOKEHHI oOJragHaHH BiJ
MOCEePEAHUIIBKUX oprasxizariii BPaxOBY€ETHCS
MOCTaYaIbHUIIBKO-30yTOBa HaIlHKa, 10

BCTAHOBIIIOETHCA Y BIZCOTKAaX BiJl BIAMYCKHOI LiHU
HiANMPHUEMCTBA-BUPOOHNKA B po3mipi 10 5%. VY
3a3HaueHy HAIIHKY, $K @PaBUIO, BXOJATH
TPAHCIIOPTHI BUTPATHU 3 JIOCTAaBKH OOJaJHAHHS Ha
CKJaJ CHOXKMBaya, MOCEPEAHUIIbKI TOCIyTH Ta
1HIII BUTpPATH.

Bubip TpaHCTIOPTHHX CXEM JOCTaBKU OYHiBEIBHHX
MarepiajgiB BiJ TOCTadaJbHUKA [0 CIOKHBa4a
3HaYHOI0 MiIpOI0 BIUIMBa€ Ha co0iBapTicTh
OyniBenbHOI TipoayKitii [1].

Buxonsun 3 TOro, mo TpPaHCHOPTHI BUTPAaTH B
KOLITOPHUCHIM BapTOCTi OyIiBEIbHUX MaTepiajib,
BUPOOIB Ta KOHCTPYKLIN 3aliMatOTh 3HAYHY TUTOMY
Bary (10 30%), mpu iXx BU3HAUYEHHI HEOOX1THO
MIPOBOJIUTH TEXHIKO-€KOHOMIYHUN aHaui3
TPaHCIOPTHUX cXeM. B mporeci Takoro anami3zy,
0cO0JIMBO  TpU  TPAHCIOPTYBAHHI  MICIIEBHUX
MarepiaiaiB, BA3HAYAIOTh JpKepesia iX HaIXOKEeHHS
(3aBOJM, Kap’epH), YMOBH JOCTAaBKH, PI3HOBHJHU
TPAHCMIOPTHUX 3ac00iB, BIJICTaHb IEPEBE3CHHS,
BUIM (PpaHKO TOIIO.

Po3kpuBaroun CTpyKTypy BapTOCTi OyIiBEIbHHUX
matepiainiB (1), caix 3BEpHYTH yBary Ha 4eTBEpTY
rpyny LIHOYTBOpeHHsS T — TpaHCMOPTHI BUTpATH,
SKi TI0 BiJHOIICHHIO J0 3arajibHOI IIHU MaTepiaimy
CKJIAIaroTh 25...30 %:

By = By + By, + Hy + Ty, + By, (1)

ne B, — 3arasbHa BapTiCTh  OYIBEIIBHOTO
Mmarepiaiy, TpH.;
B, — BignmyckHa miHa, omrToBa abo po3apiOHA

(6a3ucHa, mOrOBipHA), TPH.;
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undismantled equipment include costs of
adapting vehicles to carriage conditions,
constructing special berths, reinforcement
of bridges, straightening of roads, moving
buildings, etc.

The cost of design works to develop
methods of transportation of unique types
of oversized equipment is transferred to the
cost of equipment.

When receiving the equipment from
intermediary organizations, the supply-
and-marketing margin, which is set up to
5% of the manufacturer selling price,
should Dbe considered. This margin
typically includes transportation costs of
equipment delivery to the consumer
storehouse, intermediary services and other
expenses.

The selection of a transportation scheme of
delivering building materials from the
supplier to the consumer greatly affects the
cost of construction products [1].

Basing on the fact that transportation costs
occupy a significant proportion (up to
30%) in the estimated cost of building
materials, products and structures, it is
necessary to carry out a technical and
economic analysis of transportation
schemes when determining the costs.
During this analysis, especially when
transporting local materials, their sources
(factories, quarries), delivery terms, types
of vehicles, transportation distance, Franco
types, etc., are being determined.

Revealing the structure of the cost of
building materials (1), it is necessary to
emphasize the fourth group of pricing T —
transportation costs, which are 25...30% of
the total price of the material:

Cm = Sp + Ctpr + Sm + TC + CpSa (1)

where Cp, — total cost of building material;

Sp — selling price, wholesale or retail
(basic, contract);

Cipr — cost of tare, packaging and requisite;
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Biyp — BUTpaTH Ha Tapy, YNaKOBKY Ta PEKBI3UTH,
IPH.;

H,, — HaIliHKH TOCTaYaIbHUKIB, TPH.;

Ty — TpaHCTIOPTHI BUTPATH, TPH.;

B, — 3aroTiBenbHO-CKIIAACHKI BUTPATH, TPH.

VY cBoto uepry Ty — TpaHcmoptHi BuTpaTH Ha 1
TOHY OymiBeIBHOTO MaTepiary (BaHTaXy) — ¥y
ckiami  3araibHOi  cymum  matepianiB  (B,)
PUUMAIOTHCS 32 (HOPMYIIOH0:

Ty =B+ BH.p + Tpr (2)

ne Bpi; — BapTicTh mojaadi TPaHCIOPTHUX 3acO0iB
(aBTOMOOLITIB, BaroHiB, CyJIeH TOIIO), TPH.;

B.p — BapTICTh BCiX HaBaHTAXEHb 1 PO3BAHTAXKEHb
MIPH JTOCTABIIl BaHTAXY JI0 MPUOO’EKTHOTO CKIIATY,
TpH.;

Ty, — TapudHa niata 3a nepeBe3eHHs Marepiaiis
PI3HUMH BHJIAMH TPAHCIIOPTY, IPH.

VY Bumaaky nepeBe3eHHs OyIiBeNbHUX BaHTAXKiB
BJIACHUM aBTOMOOUTBHUM TPAHCIIOPTOM
OyZIiBeNbHOI Oprasizailii BUTpaTH Ha MepeBE3CHHS
BH3HavaroThes Biamosimno ao ACTY-H b J.1.1-
9:2013 [4]. TlonokeHHS IOrO  CTAHIAAPTY
nependavaroTh BH3HAYCHHS BapTOCTI Ta
TPYAOMICTKOCTI poOIT 3 mepeBe3eHHs OyAiBeTbHUX
BAHTAXIB Ha IMJICTaBl CKJIaJIaHHS PO3PAXYHKIB 3a
CTaTTAMU BUTpaT. PO3paxyHKH BHKOHYIOTHCS Ha

MiJCTaBl HOPM BUTpAT MajluBa, MACTUJIBHHUX
Mmartepiais, HOpM CEpENHBOTO pecypcy
MTHEeBMATUYHHUX MIMH, HOPM BHUTpAT MarepiallbHUX
pecypciB  MpU  PEMOHTI Ta  TEXHIYHOMY
0o0cITyroByBaHH1 aBTOMOO1JIIB, a TaKOX
PO3paxyHKOBOI  TPYAOMICTKOCTI  poOIiT  mpu

nepeBe3eHH1 Oy/11BEIbHUX BaHTAXIB.

VYcepenHeHi TOKa3HUKH TPAHCIIOPTHUX BHTPAT
(VIITB) [8] 3acTocOBYIHOTHhCS TMpH CKJIaJaHHI
IHBECTOPCHKOI ~ KOIUTOPUCHOI ~ JIOKyMEHTamii 3
00OB’SI3KOBUM YTOUHEHHSIM BapTOCTI MEpPEeBE3EHHS
IpU  CKJaJaHHI I[IHM TPOMO3UI[i  ydyacHHUKa
KOHKYPCHHX TOPTiB, JOTOBIPHOI I[iHH 1 IPOBEACHHI1
B3aEMOPO3PAXyHKIB 32 00CSATH BUKOHAHHUX POOIT.

VIITB BpaxoByIOTh HpsiMi BUTpATH, MOB’s3aHI 3
NepeBe3eHHSAM OyIiBeNIbHUX BaHTAXIB, HENpsAMi
BUTpaTu (MOJATKU, 300pH, OOOB’SI3KOBI IIATEXI,
AKi BPaxOBYIOTbCA Yy BapTOCTi IE€PEBE3CHHS
OyIiBEJIbHUX BaHTAXIB), a TAKOXK MPUOYTOK.
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Sm — supplier margin;
T — transportation costs;
Cps — procurement and storage costs.

Transportation cost (T) of 1 ton of
materials (freight) in the total cost of
material (Cp,) is calculated by the formula:

Te=Cy+Cy + Ty, (2)

where C,q — cost of vehicles delivery
(automobiles, railway carriages, ships,
etc.);

Cw — cost of loading and unloading for
freight delivery to a site-on store;

T; — tariff fee for material transportation
using different kinds of transport.

When transporting building materials by
construction company’s own automobile
transport,  transportation  costs  are
determined in accordance with DSTU-N B
D.1.1-9:2013 [3]. This standard assigns the
cost and laboriousness of works on
building materials transportation on the
basis of expenditure calculations. The
calculations are performed on the basis of
consumption rates of fuel, lubricants,
average life of  pneumatic tires,
consumption rates of material resources
when repairing and maintaining vehicles,
as well as the estimated laboriousness
involved in the transportation of building
materials.

Average indexes of transportation costs
(AITC) [7] are used in the compilation of
investor estimate documents with a
mandatory elaboration of transportation
cost while drafting the offer price of the
bidder, the contract price, and while
settling for the scope of work performed.

AITC consider the direct expenses
associated with the transportation of
building materials, indirect expenses
(taxes, fees, and compulsory payments
which are taken into account in the cost of
the building materials transportation), and
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VIITB BPaxOBYIOTb ycepeaHeHi YMOBU
MepEBE3CHHS BaHTAXKIB OOPTOBUMHU aBTOMOOUISIMH,
TATa4aMyd 3 TpUYeNaMH Ta HammiBIpUYEIIaMH,
aBTOMOOUIAMU-CAaMOCKHUIAMU, creliaJIbHUM
TPAHCIIOPTOM, YCEpEIHEHY BaHTaXOIiJHOMHICTb
PYXOMOTO CKJIaJy 3a BHJIaMU Ta KJIacaMU BaHTaXiB
HE3AJIeXKHO BiX KiIacu}ikamii Aopir, Mo SIKHX
3MIHUCHIOETHCS PYX.

VIITB po3paxoBani Ha iepeBe3eHHs 1 T 3a 11’ ATbMa
KjlacaMM  BaHTAXIB  3aJIEXHO  Big  Bixcradi
nepeseszenns: Ha 10, 20, 30, 40, 50, 60, 70 kM, a
TaKOX Ha KOokH1 HacTymHi 10 kM B iHTEpBaii 71 kM
— 100 xkm; 101 kM — 200 xm; 201 kM — 500 kM.

BapricTh niepeBe3eHHs BU3HAYAETHCS:
* Ha BifcTani 10 10 kM — 3a hopMyII0IO:

H1 'i

0 KM KM

Mo = 0w )
ne I, « — ycepemHeHWH TIOKa3HUK HA 1-Wid

KiJIOMeTp, TPH.;

ITy0 «« — YCEpeqHEHUH TTOKa3HUK Ha BijcTaHb 10 kM
BiJIMOBIAHOTO BaHTAXY, I'PH.;

Ixy — BIJICTAHB MTEPEBE3CHHS, KM;

* Ha ipoMixkHi BiacTaHi Big 10 1o 70 kM — muisxom
THTEPIOJIALIT;

e Ha Bigcrani Ounpmre 70 KM:

a) Ha BifCcTaH1, KpaTHi 10 KM, — IIJITXOM JT0JaBaHHS
BIIMOBIIHUX TMOMPABOK, HaBeAeHUX B Tabim. 4 [8],
Ha KO>kH1 HacTymH1 10 km;

0) Ha BinctaHi, He kpatHi 10 KM, — HIIIXOM
nojgaBaHHs 10-i yacTMHM BIANOBIAHOI IMOMPABKH,
MOMHOXEHOi Ha He KpaTHy 10 KiTbKicTh
KUIOMETPIB.

Kimac BaHTaXXiB BHM3HA4YacTLCS BIAMOBIAHO 0 IX
HOMEHKJIATypu Ta JaHUX, HaBeleHUX B Tabm. B.1
Honatka B no JICTY-H b J1.1.1-9:2013 [4].

[IponaBens 1 mMOKyHelb OKpIM I[IHU TOBapy
MOBUHHI TaKkoXX TOTOAUTH  Oa3UCHI  yMOBHU
MOCTavyaHHs, 10 BU3HAYAIOTh OCHOBHI TpaBa W
000B’SI3KM Y4aCHHUKIB yroJiy IpU TPAHCIIOPTYBAaHHI,
yHnakyBaHHI 1  MapKyBaHHI  TOBapiB, IO
CTpaxyBaHHIO BaHTaXIB i oopMIIeHHIO
KOMEPIIIMHOI TOKyMEHTAIlli, a TaK0X BHU3HAYAIOTh

107

profit.

AITC consider averaged conditions of
freighting by flatbed trucks, tractors with
trailers and semitrailers, dump trucks,
special transport, averaged carrying
capacity of rolling stock according to the
freight classes and types, regardless of the
classification of roads used for a traffic.

AITC are aimed at the transportation of 1
ton of freight of five classes depending on
the transportation distance: 10, 20, 30, 40,
50, 60, 70 km, and at every subsequent 10
km in ranges of 71 km — 100 km, 101 km —
200 km, and 201 km — 500 km.

Transportation cost is determined:
« within 10 km — by formula:

Ligkm * dikm
11 km — 10 km ) (3)
where | ym — average index at the i-th
Kilometer;
lio km — average index at 10 km for the
corresponding freight;
dwm — transportation distance, km;
« at intermediate distances from 10 to 70
km — by interpolation;
« at a distance of over 70 km:
a) at a distance divisible by 10 km — by
adding the corresponding amendments
contained in table 4 [7] for -every
subsequent 10 km;
b) at a distance, not divisible by 10 km —
by adding the 1/10 of the corresponding
amendment, multiplied by the number of
kilometers that is not divisible by 10.

Freight class is determined according to its
nomenclature and data presented in table
C.1 of Annex C to DSTU-N B D.1.1-
9:2013 [3].

In addition to the price of goods, the seller
and the buyer must also agree on the basic
conditions of supply that define the main
rights and obligations of parties involved
in the transportation, packaging and
labeling of goods, freight insurance and
registration of the commercial
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Miclle 1 dYac TMepexoay IpaBa BIIACHOCTI BiJl
MpOJaBId JO TOKYIIsS 1 Te, SAK I yMOBH
BiJI0OpaXkarOThCsI B IiHI TOBApY.

Y BHYTpIIIHIA TOPTiBNI IIHU B 3aJEKHOCTI BiJ
YMOB TIOCTa4aHHS TOBapiB BIAPI3HAIOTHCA 3a
Bugamu (ppanko. « @pankysannsy — e €KOHOMIYHI

1 TpaBOBi yMOBHM, WIO BHU3HAYAIOTH MOPSIOK
BKJIIOYCHHS B I[IHy BHTpaT, TIOB’S3aHUX i3
TPaHCIIOPTYBAHHSM, HaBaHTaXyBaJbHO-

PO3BaHTAXYBAUIBHUMHU POOOTaMH, CKJIATyBaHHAM 1
CTpaxyBaHHSM BaHTaXIB.

Koxen Bun ¢panko (puc. 1) mokaszye, 10 sSKOTO
NYHKTY Ha IUBIXY PyXYy TOBapy BiJ NpoOJaBls O
MOKYIIIIS JTOJATKOBI BHTPATH BKJIIOYCHI B INHY 3a
JIOTOBOPOM KYMIBII-MIpoJaxy. B ycix Bumagkax yci
BUTPATH CILJIAYye€ MOKYIICIb.

Product costat | Cost of product ! Cost of i Costof Costof
the warehouse | transportation to | product | transportation ! product
of supplier | the departure | loading into | to the ¢ unloading at |
station railway ! destination ! the destination
i wagons at the | station gtation
departure ;
: station

ex warehouse of |

supplier |
free at station
free on rail ]

carriage paid to destination station

carriage and unloading paid to destination station
delivered duty paid (free customer’s warehouse, delivery p

Pucynok 1 — Cucrtema ppankyBaHHS I[IHU

HailiHmkunMu 3a piBHEM ILIHAMH 3 MEpepaxoBaHUX
1 HaMOIBII BUTIHUMHU HiANPHUEMCTBY-BUPOOHUKY
€ 1IHU PPaHKO-CKJIaJ] OCTavYalIbHUKA; HAWBUIIIUMHU
— (¢paHKO-CKJIaA TOKYMUsA, 1 THEBHUM YHHOM
BUTITHUMH JUI TIOKYNISA. Y TEpHIOMYy BHUMAIKY
(ppanko-ckian  mocTavalbHUKA) ~ BUTPAaTH 3
TOCTaBKU HE BKITFOYAIOTHCS JI0 IiHU, @ B JPYrOMY
(ppanko-ckian MOKYIIs) BOHU B MOBHOMY 00cCA31
VBIHAYTh Yy BIANYCKHY I[IHY MiANPUEMCTBA-
nocravyajibHUKa.  BKIIIOYEHHS ~ TpaHCIOPTHUX
BUTpAaT y WIHY MNPU3BOAUTH 10 MIJABUIICHHS i
piBHA, HEMpsAMi MOJATKH Ta HEMOJATKOBI IIATEXi
MPOMOPLIHHO 30UIBLIYIOTH 11 pO3MIpH, IO MOXKE
3poOuTH JaHy MPOAYKIIIO
HEKOHKYPEHTOCITPOMOYKHOIO.

Y  mpaktmi  MiKHApOIHOT
oopmienHi Ta

30BHIIIHLOTOPTOBEJILHUX ~ KOHTPAKTIB
MpOJaXXy CTOPOHH BHKOPUCTOBYIOTH

TOPTiBJII  TIpHU
VKJIaJlaHH1
KYITIBITi-
0a3ucHi
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i Cost of product :
| transportation to :
the warehouse !
of customer !

documentation, as well as determination of
the place and time of the ownership
transfer from the seller to the buyer, and
how these conditions are reflected in the
price of goods.

In domestic trading, depending on the
conditions of product supply, prices are
differed according to the Franco types.
“Franco prices” — are the economic and
legal conditions governing the inclusion in
a price of the costs associated with
transportation, loading and unloading,
warehousing, and cargo insurance.

Each Franco type (fig. 1) shows a point to
which  additional costs of freight
movement from the seller to the buyer are
included in the price of the sale contract. In
all cases all expenses are paid by the buyer.

Product costat | Cost of product | Cost of Cost of Cost of i Cost of product
the warchouse | transportation to | product | transportation | product | transportation to
of supplier | the departure | loading into ! to the i unloading at | the warehouse
| station i railway i destination ! the destination |  of customer
1 wagons at the i station station !
| departure 1 ;
| station :
ex warchouse of |
supplier :
free at station
free on rail 1
carriage paid to destination station
carriage and unloading paid to destination station
delivered duty paid (free customer’s warehouse, delivery price

B

Figure 1 — System of Franco prices

The lowest and the most profitable for a
manufacturer is ex warehouse of supplier
price, the highest — free customer’s
warehouse, and in a certain way beneficial
for the Dbuyer. In the first case,
transportation costs are not included in the
price, and in the second case, they will be
fully included in the selling price of the
supplier. The inclusion of transportation
costs will raise the price, indirect taxes and
non-tax payments will proportionally
increase its size, which can make the
product uncompetitive.

In the practice of international trade, when
concluding foreign sale contracts, parties
use the basic conditions of supply,
interpretation of which and obligations of
the parties are contained in a special
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YMOBH  TOCTa4aHHS, TIyMadeHHs  SKUX 1
3000B’sI3aHHS CTOPIH MICTATHCS B CHEIliaIbHOMY
30ipHMKy ~ MDKHaAponHOi  TOProBoi  majatu
«Inkomepmcey» (3 anrm. Incoterms — International
commerce terms) [6]. BixnoigHo no Iakorepmc
OCHOBHMU TPHHIMI  PErJIAMCHTYBaHHS  YMOB
MOCTaYaHHS TOBApiB TOJIATAE B IOCIIIOBHOMY
30UIBIIIEHH] 000B’s13KIB MPOJIaBIIs Bi
MIHIMAJBHOTO JI0 MAaKCUMAJIBHOTO pIBHSA 1
BIJIMOBIIHE 30UIBIIEHHS BUTpPAT HA IEPEMIIICHHS
TOBapy, AKi OIJIadye MpoJaBelb i, OTKe, OOMIKY iX
B I[iHi TOBapy, 110 GiKCyeThCs B KOHTpaKTi [5-8].

B npasunax [akorepmc 2010 sBHO BKa3yeThCs, 110
BOHM MOXYTh OyTH  BUKOPHCTaHI SIK Y
MDKHAPOIHHUX JI0TOBOpaXx, TaK i y
BHYTpIIIHbOHAIIOHATbHUX. Lle MOsACHIOETBCA THM,
110, no-mepuie, KOMEpCaHTH HIUPOKO
BUKOPHUCTOBYIOTh JaHI NpaBWia B HalllOHAJIbHUX
noroBopax KymiBmi-popaxy. Ilo-mpyre, B CLHA
3pocTae Oa)xkaHHsS BHKOPHCTOBYBaTH IHKOTEepMC y
BHYTPIIIHIN TOPTiBIi 3aMiCTh paHillIe 3aKpIIICHUX
y  ToproBoMy  komekci  CIIA  rtepwmiHiB
BiJIBAHTQXCHHS Ta MOCTAYaHHSI.

[IpaBuiia InkoTepMC HE BKa3ylOTh Ha HEOOXIAHY A0
cruiatu 1iHy abo cmoci6 orutatu. BoHu Takox He
periaMeHTYIOTh TIEpEeXiJ] ITpaBa BIACHOCTI HA TOBAp
a00 HacHiIKM MmopyuieHHs aorosopy. Lli nmuranHs
3a3BUYail BU3HAYalOThCS B JIOTOBOpI KYIIBIII-
npojaxy abo B IpaBi, IIO 3aCTOCOBYETHCS MO
Takoro goroBopy. CTOpoHH, OJIHaK, TOBHHHI
BpaxoBYBarH, 10 CTpOro 000B’13KOBUH
HalioHanpHUM 3akoH (mandatory local law) mosxe
MaTH nepeBary HaJl Oyb-KHM aCleKTOM JI0TOBOPY
KyHIBJII-IPO/IaXy, BKJIIOYAOUM OOpaHUil TepMiH
Iakorepmc [6].

Takum umHOM, [HKOTEpMC MOMKHA PO3IIIAIATH K
METO/T HEMpPsIMOTO peryroBaHHS IiH,
CaMOPETYIIIOBaHHS B3a€MOJIT MPOJABII 1 MOKYIIA
Ha OCHOBI YMOB 1 OOOB’SI3KIB CTOpPiH mpu BHOOpI
YMOB IIOCTAQ4aHHS 3a MIHOIO, CTPYKTypa SKOi
3a3naneriap Bu3HaueHa. [locunanus Ha [HKOTEpMC
B KOHTpaKkTi poOuTh #Oro HOPMaTHUBHUM
nokymeHToM. OKpiM TOTO, 11 TIpaBUiIa JO3BOJSIOThH
YHUKHYTH PO30DKHOCTEH B iHTepmperalii yMoB
YTOJI KYIIBII-ITPOIAXKY.
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collection of International Chamber of
Commerce — “Incoterms” (International
commerce terms) [5]. According to
Incoterms, the basic principle of regulation
of goods delivery terms lies in the
consecutive  increasing  of  seller’s
responsibilities  from  minimum  to
maximum and a corresponding increase of
freighting costs, which are paid by the
seller, and therefore keeping them in the
price of goods that is fixed in the contract
[5, 6, 8].

Incoterms 2010 rules clearly state that they
can be applied in domestic contracts as
well as in international. This is because,
firstly, merchants widely use these rules in
national sale contracts. Secondly, there is
an increasing desire in the USA for using
Incoterms in domestic trade instead of the
shipment and delivery terms previously set
in the Uniform Commercial Code.

Incoterms rules do not indicate a specific
price or a payment method. They also do
not regulate the transfer of goods
ownership or the consequences of breach
of the contract. These issues are usually
defined in the sale contract or the law
applicable to this contract. The parties,
however, should be aware that strictly
mandatory local law may have an
advantage over any aspect of the sale
contract, including the selected Incoterms
term [5].

Thus, Incoterms can be considered as a
method of indirect price regulation, self-
regulation of seller and buyer interaction
on the basis of the conditions and
obligations of the parties when selecting
supply conditions for a price, structure of
which is pre-determined. Referencing
Incoterms in the contract makes it a
normative document. In addition, these
rules aids to avoid discrepancies in the
interpretation of conditions of sale
contracts.
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BucnoBku

Bapricte TUMYacoBHUX OyJiBeNb 1 CHOPY/ 3HAYHOIO
MIpOI0 3aJIeKHUTh BiJl BHTpPAaT Ha IEPEBE3CHHS
OymiBeNbHHX MarepiaiiB, B TOMY YHCII BiJ
paimioHaIbHOTO ~ BUOOPY  TPAHCHOPTHHUX  CXEM
nocrayanHs. [lpy HEMOXJIMBOCTI BHU3HAYECHHS
TPAHCIIOPTHUX BUTPAT Ha IMIJCTAaBl KaJIBKYJAIMIT 1M1
BUTPAaTH MOXXYTh BHU3HAYaTUCS 32 YKPYHHEHUMH
MOKa3HUKAMH.

B ymoBax puHKOBHMX BiJHOCHH 1 3pOCTaHHS 00CATIB
eKCIIOPTHO-IMIIOPTHUX ~ ONepaliil  mianpueMens
MOBHHEH OCOOJIMBY yBary NPHIUISITH TOMY BUIY
IiH, SKUH Oyzne 3adikcoBaHWN B KOHTpPAKTi. Y
3B’S3Ky 3 [IMM 3aCTOCYBaHHS B KOHTpaKTax
TOPrOBUX TEPMiHIB, CPOPMOBAHMX Ha MPAKTHII
MDKHApOAHOI TOpriBii, Mae OyTH abCONIOTHO
TOYHUM 1 BIJIIOBIZJATA BCTAHOBJICHUM BITYM3HIHUM
3aKOHAM i HOPMATUBHUM JIOKyMEHTAM.
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Conclusions

The cost of temporary buildings and
structures is largely dependent on the cost
of transportation of construction materials,
including the rational choice of transport
supplies schemes. If determination of the
transportation costs on the basis of
calculation is impossible, these costs can
be determined by aggregated indexes.

In the conditions of market relations and
growth of export-import transactions
entrepreneur should pay a special attention
to the type of prices to be fixed in the
contract. In this regard, the use of trade
terms, formed on the prevailing practice of
international trade, must be absolutely
accurate and comply with the relevant
domestic laws and regulations.
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YK 625.7
Kpawmkina K.B., kauz. texs. Hayk, Xumepuk T.JO., kana. texs. Hayk, Ckpunmienko O.B.

BILJIUB CTABLJII3ATOPIB HA NOKPAIIIEHHS BJIACTUBOCTEM
I'PYHTIB 3EMJIAHOI'O IIOJIOTHA

AHoOTauis. Y cTaTTi PO3TIISIHYTO NMUTAHHS OIMIHKH (DI3UKO-MEXaHIYHHX BJIACTUBOCTEH TPYHTIB Pi3HHUX
TUTIIB TIpU BBEJCHHI 10 iX CKJIaay crabimizaTopy HoBoro mokomiHHg Envirotak. BBemenusM moGaBku
MOJKJIMBO 3HAYHO MOKPAMUTH (Pi3UKO-MEXaHIYHI XapaKTePUCTHKH TJIMHUCTHUX TPYHTIB, 301IBIIATH
JIOBTOBIYHICT 1 CTIWKICTh MAPiB JOPOKHBOTO OJATY 3 iX 3aCTOCYBaHHSAM. YKpIIUIEHHS cTabiizaTopaMu
TPYHTIB Ta IHIIMX MICIEBUX MaTepiajliB B JOPOXKHIX OJAraXx aBTOMOOUIBHUX JOpIT € OJHIEI 13
HaANO1IBII peaNbHUX MOXKIIMBOCTEH 3HIKEHHS BapTOCTi OyIIBHUIITBA 1 BUTPAT PECypPCiB.

O06’ext mocmimkeHHs — crabimizarop Envirotak.

Meta po0GOTH — MiABUILEHHS MIITHOCTi, BOJO- 1 MOPO30CTIHKOCTI I'PYHTIB pI3HUX THIIIB, YKPIIUIEHUX
crabimizaropom Envirotak.

Metoau HOCIiIKEHb — AaHANITUKO-EKCIIEPUMEHTAIbHI.

Kuro4oBi cjioBa: rpyHT 36MIIIHOTO TI0JI0THA, MOPO30CTIHKICTh, TOBEPXHEBA MIIHICTh, CTAOLIAITIS.

UDK 625.7
Krayushkina K. V., Ph.D., Khymerik T. Y., Ph.D., Skripchenko O. V.

INFLUENCE OF STABILIZER FOR IMPROVING THE PROPERTIES
OF SUBGRADE SOIL

Annotation. In the article addressed the issue of evaluating physical and mechanical properties different
types of soils with the introduction of their new generation stabilizer composition Envirotak.
Introduction of additives can greatly improve the physical and mechanical characteristics of clay soils,
increase the longevity and durability of the pavement layers. Strengthening soil by stabilizers and other
local materials in the pavement of roads is one of the real possibilities of reducing construction costs and
overhead.

Keywords: frost resistance, soil subgrade, stabilization, surface durability.

YK 625.7
Kpawomkina K.B., kaun. rexs. Hayk, Xumepuk T.1O., kana. rexs. Hayk, Ckpunmyenko O.B.

BJIUSHUE CTABUJIN3ATOPOB HA YJIYYIIEHUE CBOMCTB
I'PYHTOB 3EMJISIHOI'O ITIOJIOTHA

AHHoTanus. B crathe paccMOTpeH BOIPOC ONEHKH (U3UKO-MEXaHWYECKHUX CBOWCTB TPYHTOB Pa3HBIX
TUTIOB TIPH BBEIEHWU B WX COCTaB cTabmim3aTropa HOBOro mokosieHusi Envirotak. Beenenmne noGaBku
MOXXET 3HAUUTENBHO YIYYIIUTh (PUINKO-MEXaHUYECKUE XapPAaKTEPUCTUKA TIMHHUCTHIX TPYHTOB,
YBEJIMYUTH JIOJITOBEYHOCTh M CTOWKOCTBH CIIO€B JOPOKHOW OJEXKIBI C MX NMPUMEHEHHEM. Y KpETIeHHE
cTabunm3aTopaM TPYHTOB M JPYTUX MECTHBIX MaTEPHajOB B JOPOXKHBIX OJEKIIAX aBTOMOOMIBHBIX
JIOpOT SBIISIETCS OAHON M3 HauboJjee peaqbHbIX BO3MOKHOCTEH CHM)KEHUSI CTOUMOCTU CTPOMUTEILCTBA U
3aTpaT pecypcos.

OO0mbekT uccnenoanus - cradbunuzarop Envirotak.

Ilenp paGoThl - MOBBILIEHHE MPOYHOCTH, BOAO- M MOPO30CTOMKOCTH TPYHTOB Pa3IUYHBIX THIIOB,
YKpeIIeHHbIX cTabuin3zaropom Envirotak.

MeTobl HCClleTOBAaHHUMN - aHAIUTHKO-3KCTIEPIMEHTAJIbHEIE.

KioueBble cj10Ba: TPYHT 3€MIISTHOTO IIOJIOTHA, MOPO30CTOMKOCTb, MOBEPXHOCTHAS MPOYHOCTD,
CTaOMITN3AIIHSL.
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ITocTanoBka npodaemu

3ampornoHOBAaHO OIIHIOBATH IO CTa0UIi3aTOpy
o MTOKPAIICHHIO (hi3uKO-MeXaHIYHUX
BIIACTHBOCTEH YKPIMJIGHOTO TPYHTY Ta IO
MOKAa3HUKY MOBEPXHEBOI MIIHOCTI TPYHTOBOTO
mapy. Takok B CTaTTi HaBelIeHI OCOOJMBOCTI
xiMiyHOI B3aemomii Envirotak 3 axkTuBHUMH
YaCTKaMH IPYHTIB Pi3HUX TUIIIB.

HaBenena meroanka BU3HAYEHHS TOBEPXHEBOI
MIIIHOCTI  IPYHTOBOTO  IIapy  YKPIIUIGHOTO
Envirotak micust 15 1 25 uukiiB 3aMOpoKyBaHHS
BinTatoBaHHA. Ha  OCHOBI  TpOBeIEHUX
TOCIIIKEHb 3po0IeHi BHCHOBKH po
edexTuBHICTh cTabimizaropy Envirotak s
IBUIIICHHST MIITHOCTI, BOJIO- 1 MOPO30CTIHKOCTI
TPYHTIB Pi3HUX THUIIIB.

Mertoro poOOTH € TiIBHILEHHS MIITHOCTIi, BOJIO- 1
MOpPO3OCTIMKOCTI  IPYHTIB pI3HUX  THUIIB,
yKkpimieHux crabinizatopom Envirotak.

Ha TepUTOPii VYkpainu HaNO1IBII
PO3MOBCIOKEHUMH € TJIHHUCTI TPYHTH, IPH
3BOJIOKEHHI SIKMX BiI0YBa€ThCs MOTIPUICHHS X
(b13UKO-MEXaHIYHUX BIJIACTUBOCTEN —
MiJBUILEHHS BOJAONOIVIMHAHHA, HaOpsKaHHA,
IUIACTHYHICTB 1 3HMYKEHHS [TOKA3HUKIB MIITHOCTI.

baratopiuni nocimikeHHsT B PI3HUX KpaiHax
CBITY MOKa3aJIy, 110 BUKOPUCTAHHS TOBEPXHEBO-
AKTUBHUX pE4OBUH (ITAP) M1JBUIILY€E
BOJIOCTIHKICTh TJTMHUCTUX IPYHTIB.

BBeneHHSAM AaKTHMBHMX peareHTiB  MOKJIMBO
3HA4YHO MTOKPAIIUTH ¢b13UKO-MexaHIuH1
XapaKTepUCTUKU TJIMHUCTHX IPYHTIB,
301IBIIMNTH JIOBTOBIYHICTh 1 CTIMKICTH IapiB
JIOPOKHBOTO OJATY 3 1X 3aCTOCYBaHHSM.

CrabinizaTopy — 1€ IUPOKUHN KJIac PEeYOBHH, SKi
B MajJuxX J03aX IIO3UTHBHO BIUIMBAIOTh Ha
dbopMyBaHHS BJIACTUBOCTEH JOPOKHBO-
OydiBeJbHMX  MaTepiaiB  gK 3a paxyHOK
aKTuBi3aIliil Qi3UKO-XIMIUHUX IMPOIIECIB, TaK 1 3a
paxyHOK ONTHMI3aIlii TEXHOJOTIYHUX IMPOIIECIB
MPUTOTYBaHHS YKpIMJIeHUX cyMimeidl. Bouu
MOXYTb OyTH PpI3HUMH 3a CKJIagoM 1
MOXO/IPKEHHSIM, BiPiI3HATUCH 32 BIACTHBOCTSIMU,
aje BCiX iX 00’egHye Te, 110 BOHH 301IBIITYIOTh
IIUTBHICTh, MIIHICTH, BOJO- 1 MOPO3OCTIHKICTh
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Formulation of the problem

It is proposed to assess the effect of the
stabilizer to improve the physical and
mechanical properties of soil and reinforced
in terms of surface strength of the soil layer.
The article shows the features of chemical
interaction with the active particles
Envirotak soil types.

The above method of determining the
strength of the surface layer of soil fortified
Envirotak after 15 and 25 cycles of freeze
thawing. Based on the research conclusions
about the effectiveness of Envirotak
stabilizer to improve the durability, water
and frost resistance of soils of different

types.

The aim is to increase the strength, water
and frost resistance of soils of different
types of fortified stabilizer Envirotak.

In Ukraine, are the most common clay soils.
When humidification in these soils there is
deterioration in the physical and mechanical
properties. Is an increase in water uptake,
swelling, reduction in ductility and strength
properties.

Long-term  studies in the  various
countries of the world have shown that the
use of surfactants increases the water
resistance of clay soils.

The introduction of reactive species greatly
improves the physical and mechanical
characteristics of clay soils. This increases
the durability and stability of the pavement
layers.

Stabilizers is a broad class of materials,
which in small doses have a positive effect
on the formation properties of road-building
materials. This is due to the activation of
physical and chemical processes,
optimization of technological processes of
fortified compounds preparation. They may
be different in composition and origin, differ
in their properties, but they all share the
increase in  density, strength, water
resistance and frost resistance of soils,
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IPYHTIB, 3HWXKYIOUH iX MyYUHICTICTb.

B nmaniit cTaTTi pO3TasaaEThes i cTadlIizaTopy
Envirotak Ha TpyHTM pi3HUX THIIB, SKUH HE
TUIBKH MOKparrye (hi3uKo-MexaHIYH1
BJIACTUBOCTI  IJIMHUCTHX  IPYHTIB, aje 1
MMOBEPXHEBY  MIIHICTh  YKPIIJIEHOTO  Iapy
IPYHTY, YTBOPIOIOUH IPYHTOOETOHHY TOBEPXHIO.

I'munaucrti rpyHaTH, yKpimieHi Envirotak MoxyTs
Ooytu BUKOPHCTaHI npu OyIBHUIITBI
aBTOMOOUTBHHUX  JOpIr I yJalITyBaHHS
HIDKHIX IIapiB  JIOpIr BHIIUX KaTeropin 1
MOKPUTTSI AOPIr HMXKHIX KaTeropiid, MmapKoBOK,
CKJIQJICBKUX MPUMIILCHb, eKOHOMIYHHUX
TUMYACOBHX 1 MiJx {3JHUX JOPIT, MOJITOHIB IS
IIOXOBAHHS BIIXOIIB TOLIO.

OcHOBHA YacTHHA

Bukopuctanus ykpimieHux —cTaligizaropaMu
IPYHTIB Ta IHIIMX MICIEBUX MaTepiaiiB B
JOPOKHIX OJsArax aBTOMOOUIBHUX JIOpIT €
OJHIEI0 13 HAWOUIBII pEANbHUX MOXIIMBOCTEH
3HIDKEHHS BapTOCTi OYyIIBHUIITBA 1 BHUTpAT

pecypcis.

Oxpim €KOHOMIYHO1 €(peKTUBHOCTI
KOHCTPYKTUBHI IIapu 13 YKPIIUIEHUX TPYHTIB
3a0e3MeuyoTh [Ghi8ii JIOBrOTpUBAJIE
30epexeHHs piBHOCTI uiapy, crpusie
MOKPAIEHHIO BOJIHO-TETNIOBOTO  PEKUMY
3eMJISIHOT'O TOJIOTHA.

3a paxyHOK pO3KJIaJaHHA BOJM 1 aKTHUBHOIO
10HHOTO OOMIHY 3MEHIIY€THCS TOBILMHA IUTIBOK
BOJM Ha TIOBEPXHI IPYHTOBUX arperaris,
PYWHYETbCS €IEKTPOCTATHYHHMMA TOTEHIIHHUAN
O0ap’ep B TpyHTOBIii cuctemi. OpraHiuHi i0HH,
mo wMmicTaTeest B Envirotak mpocouyroTecsi B
KPUCTATIUHY PELITKY TJIMHUCTHUX 1 MIIaHUCTHX
MiHEpaJiB, BUTICHSIIOYH 3BIATH 10HU H' i OH",
KaTiOHM METalliB, CHPUSIOYH YTBOPEHHIO OLIbII
MILHOTO 3B 513Ky M1 KpHCTaJaMH.

OpraniuHi KaTiOHHM, IO MalOTh 3JaTHICTH IO
10HHOTrO OOMIHY, BCTYMAIOTh B MIIHUN 10HHUH
3B’ S130K 3 MiHEPAJIBLHOIO ITOBEPXHEIO,
BUTICHSIOYM MOJIEKYJIH BOJHM 1 HEHUTpami3yroui
3apsad. B pesynprari IMX  TPOIIECIB
BiOyBa€eThCS arperauis IPYHTY, 3HMKYETHCS
ONTHUMajIbHA BOJIOTICTb, 1BUITYETHCS
MIUJIBHICTE, MIIIHICTE 1 BOOOCTIHKICTD.
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reducing their distending.

This article discusses the effect of the
stabilizer Envirotak on different types of
soil. It improves the physical and
mechanical properties of clay soils, surface
strength reinforced soil, forms a soil-
concrete surface.

Clay soils stabilized by Envirotak can be
used in road construction for the device of
the lower layers of roads of higher
categories and covering the lower categories
of roads, parking lots, warehouses,
economic time and access roads, landfills
and so forth.

Main part

The use of reinforced soil by stabilizers and
other local materials in the pavement of
roads is one of the real possibilities of
reducing construction costs and overhead.

In addition to cost-effectiveness of structural
layers of soil reinforcement provide more
long-term preservation of equality layer
contributes to the improvement of water and
thermal regime of the subgrade.

Due to decomposition of water and the
active ion exchange water decreases
thickness on the surface of soil aggregates,
broken electrostatic potential barrier in the
soil system. Organic ions contained in
Envirotak seep into the crystal lattice of clay
minerals and sandy. They are being
squeezed out of H + ions and OH + metal
cations, facilitating the formation of a strong
bond between the crystals.

The organic cations having the ability to ion
exchange, enter into a strong ionic bond
with the mineral surface, displacing water
molecules and neutralizing charges. As a
result of these processes occurs soil
aggregation, reduced optimum humidity,
increased density, strength and water
resistance.
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[lepeBaru Envirotak HaJ IHITAMHA
cTabi1i3aTopaMu 3aKJICYAETHCSA B TOMY, IIIO:

- BiOOyBaeTbCs  MPHUCKOPEHHS  MPOIECY
MEPETBOPEHHS TPYHTY B KamiHHsA (OeToH) 3a
JIOTIOMOT 010 KaTaTi THYHUX peaxiiit i
aKTHUBI3aIlsl TPAKTUYHO  OyAb-SKOTO  THITY
IPYHTY, 3@ paxyHOK XIMIYHOi B3aeMomii
cTab1113aTOpy 3 aKTUBHUMH YaCTKaMHU CYMIIIIi;

- MOXIMBICTb  BHKOPUCTAHHS  MHIyBAaTUX
TPYHTIB JIJIsI CTBOPEHHS CTAOUIHHUX IIAPiB;

- 3MEHIIIEHHS BOJO HACHUYCHHS OOPOOJICHOTO
IPYHTY MPAKTHYHO hi (0] HIOBHOT
BOJIOHETIPOHUKHOCTI (moBHa BIJICYTHICTb
KalnuIsipHOTO MiTHOMY BOJAM), IO MPHU3BENE IO
301IBIICHHS JOMYCTUMOTO HAaBAaHTAXCHHS Ha

J0pory;
- BUKOPHUCTaHHS OJTHOKOMIIOHEHTHOT O
ctabimizaropy cpusie YIOCKOHAJIEHHIO

TEXHOJIOTii ~ OTpUMaHHS IPYHTOBOi  CyMili
HEOOX1THUX TEXHIYHUX XapaKTCPUCTHK;

ExcnepuMeHTa/IbHA YACTHHA

3a mepiox 3 2015 mo 2016 poku y Bimaimi
KOHCTPYKIIIN JIOPOKHIX OJIATIB JIT
«depxnopHAl» imeni M.ILIynbrina Oynu
MIPOBEJICH1 BUIIPOOYBAHHS IPYHTIB PI3HUX THUIIIB,
HallOIIbIl TOLIMpeHi Ha TepuTopii YKpaiHH.
3pa3ku  IpYyHTIB [Uid BUIpPOOyBaHb  Oyiu
BiJIIOpaHi 3 MUISTHOK aBTOMOOIIBHUX AOPIT, IIO0
3HAXOJATHCA B PIZHUX JOPOKHBO-KIIMaTHYHUX
30Hax Ykpainu. ['muOuHa BUpoOOK Ais BiOopy
ckianana Bix 1 no 2 M (pucynok 1). BinOip,
YIIaKOBKA, TPAHCIOPTYBaHHsA 1 30epiraHHs
3pa3kiB, IPYHTY MpPOBOJWIOCH  BIJMNOBIAHO
JCTY b B.2.1-802001 (I'OCT 12071-2000).
3pa3ku UWIHAPUYHOT (HOpMHU ISl BU3HAUEHHS
(bi13MKO-MEXaHIYHUX BJIACTUBOCTEH IPYHTOBHUX
CyMilllell ~ BUTOTOBJISUIMCH  YIIUIbHEHHSIM Y
dopmax posmipom 50 mm 3a JICTY b B.2.7-89-
99.

Envirotek advantages over other stabilizers
lies in the fact that:

- soil is accelerated conversion process
in the stones (concrete) by means of
catalytic reactions and activation of almost
any type of soil, due to chemical interaction
with the active particles stabilizer mixture;

- the possibility of using silty soil
layers to create a stable;

- reduction of water saturation of the
treated soil is almost completely waterproof
(complete absence of capillary water rise),
which will increase the carrying capacity of
the road,;

- the use of one-component stabilizer
contributes to the improvement of the
technology of soil mix required technical
characteristics;

Experimental

During the period from 2015 to 2016 in the
department of road structures SE
"DerzhdorNDI" name M.P.Shulgina were
tested soils of various types, are the most
common in Ukraine. Samples for testing of
soils were sele cted from sections of road
that are in various road and climatic zones of
Ukraine. Depth of excavation for the
selection ranged from 1 to 2 m (Figure 1).
Sampling, packing, transportation and
storage of samples of the soil carried out in
accordance with GOST V.2.1-802001
(GOST 12071-2000).

Cylindrical samples to determine the
physical and mechanical properties of soil
sealing compounds were produced in the
forms of 50 mm per GOST B V.2.7-89-99.

Pucynox 1 — Bingbip npo6 IpyHTY
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Figure 1 — Soil Sampling
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Kinekictes nomasauas Envirotak ckmamana Bix 1
1o 2 %.
3pa3ku 3 YKpIJICHUX TPYHTOBUX CyMilIei

30epiranuck npu Temmneparypi (20 + 5) y BaHHI
3 T1IpaBIIIYHUM 3aTBOPOM.

Busnauenns (i3uko-MexaHIYHUX BJIACTUBOCTEH
3pa3kiB 13 cymimed, ykpimneHux Envirotak
BimOyBanocs micis 28 116 Habopy MIITHOCTI.

JInst  yKpiIJIGHHS TIPYHTY BHKOPHCTOBYETHCS
po3umH ctabimizaropa Envirotak 3 Bomoro. Bua
IPYHTY, IO BHUIPOOOBYEThCS HABEACHUI B
Tabmmi 1.

BusHayeHHs TOKa3HUKIB  (i3MKO-MEXaHIYHUX
BJIACTMBOCTEH IPYHTOBUX CyMIIIEHi BUKOHYBAIU
BixnoBigHo a0 Bumor JICTY b B.2.7-89-99 Tta
BBH B.2.3-218-002-95. BunpoOyBanus
MPOBOAMJIM Ha OONaJHAHHI CepTU(IKOBAHOTO
BUIpoOyBanbHOTO 1HeHTpy HepxaopH/IL

Tabauus 1 — Bug rpyary

Bun rpysty Cxnany Konnenrpartis
% cTabim3 Topa

Envi ota vy
BOJHOMY
po3uuHi, %

CyrnuHok 100 15,3

JIETKUI

MTAJTyBaTUI

CyrnuHok 100 1 .8

BaXKKHI

MMAJTYBATHI

Cymicok 10 19,5

MIIAHUCTHH

Cymicok 100 20,5

MAJTyBaTUI

Number Envirotek was adding 1 to 2%.

Samples of soil fortified mixtures stored at
temperature 200 in a bath of water-sealed.
Determining the physical and mechanical
properties of samples with mixtures of
fortified Envirotak occurred 28 days after
dialing strength.

To strengthen the soil stabilizer solution
used Envirotak water. Type of soil being
tested is given in Table 1.

Determination  of physico-mechanical
properties of soil mixtures  were
performed  in accordance  with  the
requirements of JICTY b B.2.7-89-99 and
BCH B.2.3-218-002-95. Tests were carried
out on the equipment certified test center
DerzhdorNDI

Table 1 — Type of soil

Type of | Compositio Envirotec
soil n % stabilizer
concentration
in the
aqueous solu
tion, %
Silty loam 100 5,3
easy
Si ty 100 17,8
loam
heavy
Sandy 100 19,5
sandy
loam
Loamy 100 20,5
light sand

PesynpTaTu gociikeHb HaBeleH1 B TaOIuUI 2.
AHami3 JaHWX, HaBEIeHUX Yy Tabmuii 2,
MOKa3yI0Th, mo  gomaBaHHs  Envirotak
MO3UTUBHO BIUIMBAaE Ha IOKA3HUKU MIITHOCTI
BCIX THIIIB I'PYHTIB, MPOTE€ HOTr0 €(PEeKTUBHICTh
BBEIACHHS BHINE, 4YUM OUIbIIE KIJIbKICTH
KOJIOIAHOT TaMHUCTOI (pakuii rpyHTy. Mexa
MILHOCTI TpH CTHUCHEHHI B TOpPIBHSAHHI 3
BUXI1JIHOIO TPYHTOM 301IbIIYyeThCA B 5-6 pasis,
MIIIHICT ~Ha  CTUCK  3a0e3mevyeThcs B
HAaCHMYEHOMY BOJIOIO CTaHi TPYHTY 1 MOpPO3Yy.
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The research results are presented in Table 2.
Analyzing the data in Table 2 show that
the addition Envirotak positively
influences the strength values of all types
of soil, however its introduction efficiency
is higher, the greater the amount of
colloidal clay fraction of soil. Compressive
strength compared to the original soil is
increased by 5-6 times, the compressive
strength is provided in water-saturated soil
condition and frost.
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Tabauusa 2 — Iloka3sHuku (i3UKO-MEXaHIYHUX
BJIACTUBOCTEH IPYHTOBUX CyMIiIlIei, 00poOIeHnX
crabinizaropom Envirotak

Table 2 — Indicators of physical and
mechanical properties of soil mixtures
treated stabilizer Envirotak
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16,2 | 1,92 | 0,75 - 8,5 -
113 | 485 | 405 | 2,95 44 | 0,68

heavy

13,3 | 2,02 | 0,60 - 10,2 -
105 | 382 | 3,5 1,93 58 | 0,71

loam

14,4 | 2,08 | 0,60 - 10,5 -
112 | 396 | 3,2 1,85 58 | 0,72

Loamy |Sandy sandy | Silty loam

light sand

Jlnig Toro, mo6 MiATBEpAUTH MO3UTUBHUN BILTUB
Envirotak crabinizatop Ha (i3UKO-MEXaHIYHUX
BJIACTUBOCTEH  TpyHTY, Oylo  TNpOBEIEHO
BU3HAYEHHSI MIIHOCTI TOBEPXHEBOTO Iapy
IPYHTY 3 HEpYWHIBHHM METOJIOM BHUKOPHUCTAHHS
ONYX npuctpoi - 2,5.

3oBuimHi#  Burmsin  mpuiany  OHIKC-2,5
HAaBEJICHUI HAa PUCYHKY 2.

Pucynok 2 — 3osuinmHiii Burisig npuiany OHIKC-2,5

117

To confirm a positive impact Envirotak
stabilizer on the physico-mechanical
properties of the soil, was conducted
determining the strength of the soil
surface layer with a non-destructive method
of using the device ONYX - 2.5.

The exterior of the device ONYX-2.5 is
shown in Figure 2.

Figure 2 — The exterior of of the device ONY X-2.5



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

JloCIiDKeHHST TPOBOJMINCH 3 YKPIIJICHUMHU
ITPYHTOBUMH 3pa3KaMu B CyXOMY CTaHi 1 Micis
20 1MKIIB 3aMOPOKYBAaHHS — BiJITarOBaHHSA. 3a
MMOBEPXHEBY MIIHICTh NPUUMAINCh OTpPUMaHI
3HAYEHHs MicIsl BUIPOOYBaHb.

[Tobepx+eba MiyHCmb

20 YUK

Pucynok 3 — [ToBepxHeBa MilHICTh IPYHTOBOTO APy 3
BBe/IeHHsIM crabinizaropy Envirotak: 1 — cyriamnox
JIETKUI TIMITyBaTHUi; 2 — CyITIMHOK BaXKKUH MIUTyBaTuHil; 3 —
ITICOK MILIAHUCTHI; 4 — CYNICOK MUITyBaTHH

3a [OaHUMHM JOCHIIDKEHb BHOHO, M0 IS

CYINIMHUCTUX  IPYHTIB  MicAsSs 5  IUKIIB
3aMOPOXKYBAHHS - BiATaroBaHHS Hme
301JbIIEHHS  MIIHOCTI, IIOTIM  HE3HA4HE

sumkenHs (10 mwmkmiB) Ha  15-20 % i
IPOJOBXKYETbCA 10 BUOpoOyBaHb mnipu 15
nukiaax. TUIbKM MOTIM HAcTymae cradimizaris
MIITHOCTI.

Ane 1 CymMHMCTI IpYHTH 1  CyMIIIaHI
BUINIPOOYBaHHs BUTpUMaiu. ToOTO, MoBepXHEBa
MIIHICTh CTa011130BaHOTO TIPYHTOBOTO IIapy
Envirotak 3a6e3neuena.

BucnoBku
[TpoBeneni nmabopaTopHi MOCHIIKEHHS BIUIUBY
no6asku Envirotak nokaszamu, mo ykpimieHi
ITPYHTH PI3HMX THIIB, BIINOBIIaIOTh BUMOTAM,
AK1 Tpea’sIBISIOTBCS JI0 YKPIIUIEHUX IPYHTIB
3T1THO HOPMAaTUBHUX JTOKYMEHTIB.

3MiHa  TOKa3HUKIB  MIIHOCTI  IPYHTIB 3
nomaBaHHsM Envirotak, y O0ik 30i7IbIIeHHS
MOPIBHSIHO 3 KOHTPOJIBHUMH 3pa3kamMu y 4-5
pa3iB B 3aJ€KHOCTI Bill KUTBKOCTI M00aBKH 1
BUYy TPYHTY CBIJUUTH TMPO  MOXKIIUBICTh
aKTUBHOTO PETYITIOBAaHHS MOTO BIACTUBOCTEH y
BUPOOHUYMX YMOBAX.

Beenenns no6aBku Envirotak B pi3Hi BUIM
TPYHTIB  JIO3BOJIUTH  OTPUMATH  >KOPCTKUH
KOHCTPYKTUBHUU MIAp JOPOXKHBOTO OJATY —
OCHOBH 4H pO0OOYOTO MIapy 3eMJISTHOTO TMOJIOTHA,
10 B M0/IJIbIIOMY 3a0e3MeUnTh
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Research conducted with fortified soil
samples dry and after 20 cycles of freezing -
thawing. For surface strength values
obtained were accepted after testing.

The research results are shown in Figure 3.

W ==

[Tobepxxeba MiyHCmb

20 Yukny

Figure 3 — The surface layer of soil strength with the
introduction of a stabilizer Envirotak: 1 - silty loam
easy; 2 - heavy loam silty; 3 - sand sandy; 4 - silty
loam

According to studies it is clear that for
loamy soil after 5 cycles of freezing -
thawing is an increase in strength, then a
slight decrease (10 cycles) of 15-20% and
continues to test at 15 cycles. Only then
comes the stabilization strength.

But loamy soil and sandy loam withstood
the test. That is, the surface strength of the
stabilized soil layer Envirotak provided.

Conclusions

The laboratory studies the influence of
additives Envirotak shown that
strengthening of soil of various types, meet
the requirements for soil stabilization
according to regulations.

Changes in soil strength with the addition
Envirotak, upward in comparison with
control samples 4-5 times depending on the
amount and type of additive soil indicates
the possibility of adjusting its active
properties in a production environment.
Introduction Envirotak additive in various
types of soil will provide a hard structural
layer of pavement - a base or working layer
of subgrade in the future will provide
operational resilience and durability of the
road structure as a whole.
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eKCIUTyaTalliiHy CTIHKICTh 1 JIOBrOBIYHICTH
JOPOKHBOT KOHCTPYKIIIT B IIJIOMY.
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YK 528.9
MamonoB K.A., 1-p ekoHoM. Hayk, OuaiiiHuk C.B.
TEOIH®OPMAIIMHUN AHAJII3 CTAHY ) KUTJOBOI'O ®OHJY MICTA

AHoOTaNisl. Y cTaTTi PO3IIISHYTO DS COIIaJbHO-EKOHOMIUYHUX TpoOsieM B YKpaiHi, a came yTpuMaHHS
HAsSBHOTO KHUTJIOBOTO (OHIY B HAJICKHOMY CTaHi. TeXHIYHWH cTaH OaraTOKBapTHPHUX JKUTIOBUX
OynuHKIB B YKpaiHi, iX SKiCTh, 0cOOMMBO y cdepi eHeproeeKTHBHOCTI, a TaKOX 3 TOYKH 30pYy
KOM(OPTHOCTI TIPOKHMBAaHHS, CYTTEBO BIJICTAE BiJ AHAJIOTIB y PO3BUHYTHX 3apyODKHUX KpaiHax.
['0710BHOIO MPUYMHOIO TAaKOTO CTaHy 0araTOKBapTHUPHOTO >KHUTIOBOTO (poHAYy — OararopidyHa BiICYTHICTh
HAJIe)KHOTO TEXHIYHOTO OOCIYrOBYBaHHS W HU3bKHI PIBEHb MPOBEICHHS PEMOHTHHUX poOiT. BupimeHHsam
BOTO MUTAaHHS € CTpaTEriyHe YNPaBJIiHHS MOKIMKaHE 3a0e3MEUUTH HaJIeKHE IUIaHYyBaHHS HEOOX1THUX
3ax0JliB, BU3HAYEHHS JKepen iX (iHAHCYBAaHHA, 3aJy4YeHHsI 1HBECTHULINA Ta €(pEeKTUBHE BUKOPUCTAHHS
HasiBHUX pecypciB. Bee e MOXKIMBO 3aBISKHM BUKOPHUCTAHHIO CIIELIai30BaHMX MPUKIATHUX IPOrpam,
po3pobiienux Ha ocHOBI reoinpopmaiinux cucreM (I'IC) ta nposenenus I'IC anamnisy.

Karouosi ciioBa: OyaiBHUIITBO, TeoiHdopManiiiHi cuctemu, I'IC anami3, xutnoBuit GpoHa, kapTa.

UDC 528.9
Mamonov K. A., Doctor of Economic Sciences, Oliinyk S.V.

GEOIGRAPHIC INFORMATION ANALYSIS OF THE STATE OF THE CITY HOUSING
STOCK

Abstract. The article considers a number of socio-economic problems in Ukraine, namely the maintenance
of existing housing stock in good condition. Technical condition of apartment houses in Ukraine, their
quality, especially in the field of energy efficiency, as well as from the point of view of comfort of living,
lags far behind counterparts in other developed countries. The main reason for this state of multi-family
housing — a perennial lack of proper maintenance and lack of repairs. The solution to this issue is the
strategic management is designed to ensure proper planning of the necessary activities, identifying sources
of funding, attracting investment and efficient use of available resources. All this is possible through the
use of specialized application programs developed on the basis of geographic information systems (GIS)
and GIS analysis.

Key words: construction, geographic information systems, GIS analysis, housing, card.

YK 528.9
Mamonos K.A., 1-p skoHoMm. Hayk, OJjeiinuk C.B.
TEOUH®OPMAIIMOHHBIN AHAJIN3 COCTOSHUS )KUJIUIHOTO ®OHJIA TOPOJIA

AHHoTamus. B craThe pacCMOTPEH PsII COIMAIBHO-DKOHOMHYECKHX MpoOieM B YKpawHE, a UMCHHO
COJICpP)KaHUE MMEIOIIEroCs KHIOTO (OHAAa B HAIJICKAIIEM COCTOSHHH. TEXHHYECKOE COCTOSHHUE
MHOTOKBapTHUPHBIX JKUJIBIX JOMOB B YKpauHe, HX KaueCTBO, OCOOCHHO B cdepe d3HepProdahHeKTUBHOCTH, a
TAKXKXC C TOYKH 3PCHUA KOM(bOpTHOCTI/I IMMPpOXXMBaHUA, CYIIECTBCHHO OTCTA€T OT aHAJIOrOB B PA3BUTLIX
3apyOeKHBIX CTpaHaX. [JIaBHOH NMPUYMHOM TAKOTO COCTOSHUS MHOTOKBAPTHPHOTO JKHUJIOro (oHIa —
MHOTOJIETHEE OTCYTCTBHE HAJUICIKAIIET0 TEXHUYECKOTO OOCIY)KMBAHUS M HU3KUH YPOBEHb NPOBEIACHHS
PEMOHTHBIX paboT. PemieHweM 3TOro BoIpoca SBISETCS CTPATETMYCCKOE YIPABICHUE IPU3BAHO
o0ecreunTh HajIeXkallee IUIAHWPOBAHWE HEOOXOIUMBIX MEPONPHUATHH, ONPEAeSCHHE HCTOYHUKOB HX
(uHAHCHPOBaHMSI, TPUBJICYCHHE HHBECTUIMH U 3((EKTUBHOE MCIIOJIb30BAHUE UMEIOIIMXCS pecypcoB. Bee
3TO  BO3MOXHO Ojaromapsi HCIOJNB30BAHUIO  CICIMATM3UPOBAHHBIX  MPHKIATHBIX  MPOTPaMM,
pa3pabotaHHbIX Ha ocHOBe reouHpopmMarnodusix cucteM (I'MC) u 'NMC ananu3a.

KiroueBble ¢j10Ba: CTPOUTENHCTBO, TeonHpopMaIonHsie cuctemsl, [ UC ananms, xwmoit o, kapTa.
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Beryn
Ha cporomni onHiero 3 HAHOUIBII TOCTPHX
COLIIAIbHO-EKOHOMIYHUX Tpo0sieM YKpaiHu €
yTpUMaHHS HAsBHOTO J>KUTIOBOTO (OHAY B

HaJIE)KHOMY CTaHi. Texuiuauit CTaH
0araToKBapTUPHUX JKUTJIOBHX OYJIWHKIB B
Vkpaini, ix sKicte, oco0auBO Yy cdepi

CHEeproe(eKTUBHOCTI, a TAKOX 3 TOYKH 30pYy
KOM(OPTHOCTI TPOKUBAHHS, CYTTEBO BIiJCTAE
BiJl aHAJOrIB Yy PO3BUHYTHX 3apyODKHHX
KpaiHax. ['OJIOBHOIO NPUYMHOK TAKOTO CTAHY
0araTOKBapTUPHOIO  JKUTJIOBOro  (oHay —
OararopiuHa BiJICYTHICTb HaJIEKHOTO
TEXHIYHOTO OOCITYyroBYBaHHS M HU3BKHI PiBEHb
MPOBE/ICHHSI PEMOHTHUX poOIT. 3acTapimumu €
oprasizailiiiii IpyuHIUIN POOOTH Ta yIPaBIIHHSI
Ta BIJACYTHICTh CHCTEMHHUX IE€PETBOPEHb Y
KHUTIOBO-KOMYHAIIBHIN cdepi.

be3 3ampoBamxeHHs e(EKTUBHOI CUCTEMHU
VIPaBIiHHSA JKATIOBUM (OHIOM, HaBITh 3a
HasBHOCTI JIOCTaTHHOTO (piHAHCYBAaHHS HOTO
YTPUMaHHS Ta PEMOHTIB, CHUTYAIlil0 KOPIHHUM
YMHOM  BHMIpaBUTH  HemoxuBo.  Came
cTpareriune yIIPaBIIiHHS MTOKJIMKaHE
3a0e3MeUnTH HajleXkHe MIaHyBaHHS HEOOX1IHUX
3ax0/11B, BU3HAUECHHS JUKEepes 1X (iHAHCYBaHHS,
3aITy4eHHS IHBECTHLIN Ta epeKTHUBHE
BUKOPHCTAHHS HasIBHUX PECYPCIB.

OcHoBHa YacTHHA

ITutanHs MigBUILIEHHS €(QEKTUBHOCTI CHUCTEMHU
VOPaBIiHHSA JKUTJIOBUM (OHAOM MOTPeOYIOTh
3aJy4eHHsT  aBTOMAaTH30BaHUX  3aco0iB  Ta
IHCTPYMEHTIB, 110  BIAKPUBAIOTh  HeEpe]
YIpaBIIHIMH HabaraTo IMUPLI MOXIUBOCTI
o0 €(QEeKTUBHOIO YTPUMAaHHS, IMOKpalllaHHs
CIIO’KUBUMX SIKOCTEN 0araToKBapTUPHUX
OyauHKIB, 3a0e3meueHHs KOMQPOPTHUX YMOB
NPOXKUBAaHHA. Y 3B’A3KY 3 LIUM IIiJBUIIYETHCS
aKTyaJIbHICTh BHKOPUCTAHHS CHEIiali30BaHUX
NPUKIAJHUX TpOTrpaM, po3poOJIeHUX Ha OCHOBI
reoiHopmanifHux CUCTEM (T'IC) Ta
npoBeneHHs ['IC anamnizy.

I'lC anami3z € mporecoM MONIIyKY MPOCTOPOBHX
3aKOHOMIPDHOCTEH y  pO3MOAUI  JaHUX 1
B3a€MO3B'I3KIB M o00'ekTaMH. AHaAIITHYHI
METOJIN MOXYTh OYTH SIK JTy’K€ MPOCTHMH — TIPH
3BHYAfHOMY CTBOPEHHI KapTd, TaK 1 OUIbII
CKIaJHMMH, IO BKJIIOYAIOTH MOJIEN, SKi
IMITYIOTh peaJIbHUH CBIT HUIAXOM 00’ €IHaHHS
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Membership

Nowadays keeping the housing stock of
Ukraine in proper state proves to be one of the
most urgent socio economic problems in
Ukraine. The technical state of apartment
buildings in Ukraine, their quality —especially
from the point of view of energy usage
efficiency and the comfort of dwelling -
considerably fall back from that in the
developed foreign countries. The main reason of
such a state of the housing stock of apartment
buildings is the lack of the proper technical
maintenance over many years and the low level
of redecoration services. The organisational
principles of work and management are
outdated, the systematical optimization in
housing and communal sphere is not taking
place.

Even if sufficient financing for maintenance and
repairment of houses is available, it is
impossible to achieve radical changes in the
housing system, without introducing an
effective system of housing stock management.
Only the strategic management can serve as a
basis for planning of certain measures, defining
the sources of financing, attraction of
investments and an efficient usage of the given
resources.

The main part

To increase the efficiency of housing stock
management the introduction of automatic
means and instruments is required, what would
grant the city housing administration vast
opportunities in terms of the efficient
maintenance of the housing stock, the
improvement of the consumption quality of
apartment buildings, the provision of dwelling
comfort. That is why the question of usage of
specialized application programmes, developed
on the basis of geographic information systems
(GIS) and GIS analysis, is becoming more and
more topical.

GIS analysis is a process of a search for spatial
patterns in the distribution of data and in the
correlations between the objects. The analytical
method applied may be, when creating usual
maps, very simple, and more complicated, when
including models, that imitate the real world by
uniting multiple informational layers.
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OaraTbox mapiB iHpopmarii.
I'lC anani3 BKIIOYAE HACTYITHI €TaIu:

Eran 1 — IlocranoBka nurtanus. [lounHarouun
aHami3, HEOOXiTHO BHU3HAYHUTH, 5Ky caMme
iHpopmanito HeoOXinmHO oTpumaru. lIpaBuibHa
MOCTAHOBKA  MWTaHHA  4YacTo  JOIoMarae
BU3HAYMTHU SK Kpalle MiAidTH 10 aHami3y, KUl
MeToa e(eKTHUBHIIIE BUKOPHUCTOBYBATH 1 SK
Kpamie TMpeICcTaBUTH  pe3yabTaTd.  [HIIIM
(bakTopoM, 110 BIUIMBAE HA MPOLIEC MPOBEACHHS
aHayi3y: fK 1 XT0 OyJe BUKOPUCTOBYBATH HOTO
pe3ynbTaTu.

Etan 2 — Po3yminHs pgaHux. Tun naHux i
00'eKTiB, 3 SIKUMH Oyae TpPOBOIUTHCA poOOTa,
BU3HaYae crenudiky MeTOHy, SKHH Kparie
BCHOTO BHUKOPHUCTOBYBAaTH. | HaBIaku, SKIIO
OyJIO BHPIIIEHO BUKOPHCTOBYBAaTH KOHKPETHUI
MeToA, mo0 oTpuMartu iH(popMaIiro NoTpiOHOT
SKOCTI, HEOOXigHO 3a0e3MeyuTH MOTPiOHUIHA
HaOlp BuUXigHUX gadux. lloTpiOHO mOOpe
ySIBISTH co0i, sKka BuxigHa iHdopMalis
BUKOPHUCTOBYETHCS (TUTIH 00'€KTIB 1 aTpUOYTiB),
1 110 HEOOX1AHO 1€ OTPUMATH ab0 CTBOPUTH. Y
MpoIeci, CTBOPCHHS HOBUX JIAHUX MOXYTh
3'IBIISITUCS HOBI BEJIMYMHU B TAOIHUII gaHuX abo
HaBITh HOBI IIapH KapT.

Eran 3 — Bubip meromy anamizy. Maibxke
3aBXKAM € JaBa ab0 TpPU CIOCOOM OTPUMAaHHS
HeoOxinHoi 1H(opmarii. Yacto, oauH MeTOI
OUThII IIBUAKUK 1 Jae OUIbII HAOIMKEHY
iHpopMarito. [HIII MOXYTh BUMaratu OUIbLI
JeTalbHUX JaHUX, OlJblle Yacy Ta 3yCHJb Ha
o0poOKy, aye 3abe3medarh OUIBII  TOYHI
pe3yabTatu. [ToTpiOHO 0OMpaTH METOJ aHami3y,
BUXOJIIYM 3 MOCTaBJIEHOI MPOOJIEMH 1 TOTO, SIK
OyayTb BUKOPHUCTaH1 HOTO pe3ysbTaTu.

Eran 4 — O6poOka gaHux. SIK TiIbKM OOpaHO
METOJl  aHalizy, HeoOXiiHO  BHOyAyBaTu
JIAHIIIOKOK Horo peanizanii 3acobamu ['IC.

Eran 5 - Owmiaka pesynbrariB. Pesynbratn
aHaJi3y MOXYTb OYyTH MpPEICTaBICHI Yy BUIJIAL
KapTu, 3Ha4eHb B Tabmuii abo miarpamu. Lle
Oyne ¢axtuuHo HoBa iHopmauis. HeoOxigHO
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GIS analysis encompasses the following stages:

Stage 1 — Setting a question. When starting an
analysis it is important to define which
information it is important to get. The correct
setting of the question usually helps to find the
best approach to the analysis that is the optimal
methods to apply and the best way to present
the results. Another factor that influences the
conduction of the analysis is the knowledge of
who and how will be using the gained results.

Stage 2 — Understanding of the data. The type
of the data to be get and the objects of the
analysis determine the peculiarities of the
optimal methods to apply. On the contrary, if it
is decided to use a definite method, to obtain
information of definite quality, it is important to
provide the necessary data base of basic
information. The understanding of what basic
data has to be used(types of objects and
attributes) and which information is still to be
collected or created is crucial. New values or
even new map layers may still appear in the
data tables, when creating new data.

Stage 3 — Selection of the analysis method.
Almost every time there are two or three
methods to obtain the necessary information. As
a rule one of them is fester and gives more
accurate information. The application of other
methods may require more detailed data, more
time and effort to process the gained
information, which though provides a more
accurate output. It is important to choose the
analysis method considering the specifications
of the set problem as well as the fact how the
results are to be used.

Stage 4 — Data processing. As soon as the
method of the analysis is chosen, it is important
to create a chain of processes of its realisation
with the means of GIS.

Stage 5 — Evaluation of the results. The results
of the analysis may be presented in a form of a
map, a table or a diagram. It will be a purely
new information. It is important to decide which
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BUPIIUTH, AKY 1HQOPMALIIO CITiJl HAHECTH Ha
KapTy, SK TPYIyBaTH 3HAYCHHS JUI1 HAHKPAIoro
npeicTaBieHHs  gaHuX. IloTtpiOHO  Takox
BUPIIMIUTH, YU JOMOMOXXYTH JiarpaMH JIeTIie
cnpuiiHATH  1HpOpMalilo, sfKa HAa  HHUX
npeAcTaBieHa. B mporieci oliHKK pe3yabTaTiB €
MOXJIUBICTh ~ BHU3HAUUTH  OO'€KTUBHICTH 1
HEOOX1IHICTh OTPUMAHOI 1HpOpMAaIlii, TPUHHATH
pilieHHS TpPO MOBTOPEHHS aHali3y 3 IHIIUMH
mapamerpamMu  ab0  3aCTOCYBaHHI  IHIIIOTO
meroxy. [IC no3Bossie TOPIBHSHO — JIETKO
3pOOMTH HEOOXiMHI 3MIHM 1 OTPUMATH HOBHUH
pe3yabTar. TakoX € MOXIIUBICTH OINEPATUBHO

MOPIBHATH  pE3yNbTaTH PI3HUX aHaNi3iB 1
mo0avYnTH, SIKUHA METO]T MIPEICTaBIISIE
iH(opmaIiro HaOUTBIIT TOYHO.

Y pe3ynbTari 3aCTOCYBAaHHS
reoiHGopMaritHoro aHanizy noyooBaHo

JiarpaM# KUTBKOCTI MEIIKAHIIIB BETXOTO JKUTIIA
Ha (POHI KUIBKOCTI BeTXMX OYIMHKIB B poO3pi3i
aJIMIHICTpaTUBHUX paloOHIB MicTa XapKoBa
(puc. 1). Haii6inb111a KiUIbKICTh BETXUX OyIUHKIB
(1265) i mogeii, o0 MPOXUBAOTh B HUX (9222
40J1.) 30cepemkerHo B HoBobaBapchkomMy paiioHi.
Hpyruii  palioH 3a UM  ITOKa3HUKOM
OcHoB’stHCbKkMH — 874 OyauHku Ta 6551 4o
Bigmosigao. HaiiMmeHIIa KIJIBKICTH 3HOIIEHUX
Oy/IMHKIB y Hemunuisacekomy Ta
MockoBcbkOMy paiioHax, — 52 Tta 77 OyAMHKIB,
B SKUX MNpPOXHBaIOTh 221 wom. Ta 727 4ol
BIJIITOBIHO.

129 LesueHKIBCEKMA

e
a

)

} IHaycTpiansHuA

Pucynoxk 1 — JliarpamMu po3mnopily BETXHUX
KUTIIOBUX OyTUHKIB

Y  pesymbTari = CHIBBIAHOIIEHHS  BETXOTO
KHUTIOBOTO  (OHAY Ta  HE3aBEPIICHOTO
OyIiBHHIITBA BiAOOpa3uMO Yy BWIJISAII Jiarpam
(puc. 2) BCTaHOBJEHO, IO HANOLIbINA IUIOIIA
HE3aBEPIICHOT0 OYIIBHHIITBA 30CEpEHKCHA B
[[TeBueHKIBCHKOMY Ta HosobaBapcrkomy
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information is to be depicted on the map, how
to group the values to present the data in the
best way. Furthermore, it is necessary to decide
if the diagrams are really making the perceiving
of the information, depicted on them, easier. In
the process of the results evaluation it is
possible to define the objectiveness and the
importance of the gained information, the
question of the necessity to repeat the analysis,
using other parameters or applying other
methods, can also be answered at this stage.
There is also an opportunity to compare the
results of the current analysis to those of other
analyses and to detect which method gives more
accurate results.

As a result of applying of GIS analysis a
diagram, depicting the dwellers of decrepit
habitation in comparison to those in average in
administrative regions of Kharkiv city, was
created (pic. 1). The highest number of decrepit
houses (1265) and their dwellers (9222) is
concentrated in Novobavarsky region. It is
followed by the second region according to this
indicator i.e.Osnoviansky region: 874 houses
and 6551 dwellers respectively. The least
quantity of decrepit habitation is found in
Nemyshljanskij and Moskomsly regions: 52 and
77 houses with 221 and 727 dwellers
respectively.

|, 129 LieadeHKiacakmi

EMMLLIAHCBKIAR

IHayeTpiansHmi

Figure 1 — Diagram that shows distribution of
the decrepit housing

As the results of the correlation of decrepit
housing stock to that of unfinished ones was
shown in the form of a diagram (pic. 2). In this
analysis it was discovered that the biggest area
of unfinished constructions is concentrated in
Shevchenkivsky and Novobavarsky regions of
Kharkiv city (51,8 and 45,1 thousand square
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paitonax micta XapkoBa — 51,8 Ta 45,1 Tuc. M°
BiamoBimiHO. B TprOoX  pailioHax  MicTa:
[leB4eHKIBCHKOMY, Crnobincekomy,
MocKOBCbKOMY HE3aBEepIICHOT0
OyIIBHUIITBA TICPEBUINYE TIUIOIIY BETXOTO
SKATIIOBOTO ¢bonny. Hatimenmra Ioma
HE3aBEpIICHOTO OYIiBHUIITBA 30CEpeIKEHa B
XonogHoropcrbKkomy paiioi — 6,4 Tuc. M.
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MockoBcbKMit

S
IHaycTplansHui

Pucynok 2 — Jliarpamu CHiBBiJIHOIIECHHSA
BETXOTr0 JKUTJIOBOTO (DOHIY Ta HE3aBEPIICHOTO
OyIiBHUIITBA

BucHoBxku

Orxe, OyJ0 TPOAHATI30BAaHO CTaH >KUTIOBOTO
¢onny M. XapkoBa Ta BHSBIEHI NpoOJIEMHI
paiioHH, 0 TOTpedye 3AIMCHEHHS BiAMOBITHUX
VOpPaBIiHCBKUX  JAIM  MIOJ0  MiABUIICHHA
e(EeKTHBHOCTI YIIPaBIiHHS )XKUTIOBUM (OHIOM.

Penenszenrn:

meters respectively). In three regions of the city:
Shevchenkivsky, Slobidsky, Moskovsky the
area of unfinished construction exceeds the area
of decrepit housing stock. The least number of
unfinished  construction is  situated in
Kholodnogirsky region (6,4 thousand square
meters).

LLieBveHKiBCHKMIA

Figure 2 — Diagram that depicts the correlation
of decrepit housing stock to that of unfinished
construction

Conclusion

So the housing stock of Kharkiv city was
analysed. Due to this analysis the problematic
regions, that require conduction of appropriate
administrative actions, aiming to increase the
efficiency of the housing stock management,
were detected.

Cagenko B.S1., n-p Tex. Hayk, HamioHaapHUI TpaHCIOPTHUH yHIBEpCHTET.
Crasincbka O.C., 1-p TexH. HayK, HauioHanbHUI TpaHCIOPTHUH YHIBEPCHUTET.
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VJIK 528.9
Mamonos K.A., n1-p exoHoM. Hayk, Pag3incbka 1O.b.
T'EOIH®OPMAIIMHUN AHAJII3 HEPYXOMOCTI

AHoOTaligs. VY CTarTi pO3MJIAHYTO NUTAHHSA 3aCTOCYBaHHA TeoiH(OpMAIifHUX CHUCTEM JUIA
BHUPIIIEHHS TEXHIYHUX, EKOHOMIYHUX 1 IJIOTO PANY IHIIMX 3aBJaHb, B TOMY YHCII YIpaBIiHHSA
00’€KTaMH HEPYXOMOCTi. Y pe3ynbTari IOCHIPKEHHS 3alpONOHOBAHO IOCIHIJOBHICTh KPOKIB
3MIMCHEHHS aHAII3y HEPYXOMOCTI 13 3aCTOCYBaHHS T'€0iH(POPMaIlIHHIX CHCTEM.

OO0’exT mocmiKkeHHs: — (POpMyBaHHS Ta BUKOPHCTAaHHS TeOiH(POPMALIHHUX CUCTEM JIS aHAIi3y
00’ €KTIB HEPYXOMOCTI.

KarouoBi cioBa: 06a3za naHux, reogasi, reoiH(opMariiiiHi CUCTeMH, HEPYXOMICTh, MPOCTOPOBI
JIaHi.

UDC 528.9
Mamonov K. A., doctor of economic sciences, Radzinska J. B.
GEOGRAPHIC INFORMATION ANALYSIS OF THE REAL ESTATE

Abstract. The article considers the questions of using geoinformation systems to solve technical,
economic and a number of other tasks, including managing real estate. The study proposed a series
of steps of carrying out real estate analysis using GIS systems.

The object of study — the formation and use of geographic information systems for analysis of real
estate.

Key words: database, geodata, geographic information systems, property, spatial data.

YK 528.9
MamonoB K.A., n1-p sxoHoM. Hayk, Pagzunckas 1O. b.
TEOMH®OPMAIIMOHHBINA AHAJIN3 HEJIBUKAUMOCTH

AnHoTanusa. B crarbe paccMOTpeHBI BONPOCHI NPUMEHEHUs N€OMH()POPMALMOHHBIX CUCTEM IS
pELIEeHNs] TEXHUYECKUX, DKOHOMUYECKUX U LEJIOTO psja IpYrux 3a1ad, B TOM YMCIIE YIPABICHHUE
00BEKTaMU HEIBMKUMOCTH. B pesynbrare uccinenoBaHus MNpesioKeHa IOCIEeI0BATEbHOCTD
I1aroB MIPOBE/ICHUS aHAIM3a HEABMKUMOCTH C IPUMEHEHHUEM reOnH(OPMAIIMOHHBIX CHCTEM.
OO6vbekT uccrnenoBanus — (GOPMUPOBAHUE M HUCHOJIb30BAHUE T'€OMH(OPMALMOHHBIX CUCTEM MJIs
aHaJn3a 00bEKTOB HEJIBUXKUMOCTH.

KuroueBble ciioBa: 0aza JaHHBIX, T€0JaHHbIE, T€OMH(OPMAIIMOHHBIE CUCTEMBI, HEIBUKUMOCTb,
IIPOCTPAHCTBEHHBIE JTAHHBIE.

Beryn

Indopmartiiini TEXHOJIOTIS € HeBiJ’ €MHOIO
YaCTUHOIO (DYHKIIIOHYBaHHS PI3HUX CHCTEM.
OcrtanHiM 4YacoM reoiHpopMalliiiHi CUCTeMHU
(I'IC) craroth Bce OLIBIN TOMYISIPHUMH B
piznux kpainax €sponu, CLIA, Pocii. I'IC €
HOBOIO CHCTEMOIO OpIEHTYBaHHS B daci 1
MpOCTOpi, BOHA BKJIIOYae B cebe cydacHi

Membership

Information technology is the inseparable part
of the functioning of different systems. The
geographic information systems (GIS) become
more popular in Europe, USA, Russia lately.
GIS is the new system of orientation in time
and space, it involves modern methods of
information processing, at the same time it’s
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MeToau oOopoOku iH(popMarii i, B TOH ke yac,
€ JOCTYIHOI I  OLIBIIOCTI  JIFOACH.
3acrocyBannast ['IC mo3Boisie Ha  SKICHO
HOBOMY DiBHI 3a0e3MeuuTd iHpopMaliitHO
0a3010 TPAKTHYHO BCi CIyxOW 1 Ha mik
OCHOBI1 3a0€3IMeYUTH BUPIMICHHS TEXHIYHUX,
€KOHOMIYHHUX 1 IIJIOTO psAy iHIIKUX 3aBIaHb.
Takoxxk I'IC mMpOKO BUKOPUCTOBYETHCS B

pPO3BUTKY 1 yIIpaBJiHHI 00’exTamu
HEPYXOMOCTI.
HesBaxkaroum  Ha  Te, mo  KapTu

BUKOPHUCTOBYIOTbCS THCSIYl POKIB, TUIBKU
MOPIBHSIHO HeNaBHO, 61u3bko 40 poKiB TOMY,
rpadivHa 1 ommcoBa iH(oOpMaris Oyau
00’ eqHaHi VTS CTBOPCHHS nepuoi
reorpadiunoi iHhopMaIliifHOT CHCTEMH.

Omui 3 mepumx ['IC  3’sBunmmcs B
oprasizarisx [10B’ I3aHUX caMme 3
VIIPaBIIiHHAM 00’€KTaMU HEPYXOMOCTI, TaK
aK 1 cdepa X 3acTOCyBaHHS HaWOLIBII
oueBuaHa. Po3Butok I'IC Oyno moB’si3aHo 3
OypXJMBUM  pPO3BUTKOM  iH(OpMaLIMHUX
TEXHOJIOTIH B LiJIOMY i, B TEpIIy 4epry, 3
pPO3BUTKOM amapatHoi Oasu. Ilepmi ik
3arajbHOJIOCTYIIHI, MOBHO(YHKIIIOHAJIbH1
I'lC, s3pmaTHi mpamoBaTd Ha  3BUYHHUX
MEPCOHANIBHUX  KOMIT'IOTEpax, 3 SABHIIUCS
Tpoxu Oimpme 20 pokiB Tomy - B 1994
(Arcview), OypXJMBUN PO3BUTOK SKHX CIILJ
noB’sizyBatu came 3 Humu. ['IC mBuako
ajanTyBaJuCd 1O I[i€l HOBOI, JEHIEBIIOT
wiatgopmi, 1 LiHA CUCTEM Iodaja MajaTH y
MIpy TOro, SK YHCJIO KOpPHUCTYBayiB 1
opraHizauii, ki MOrau 0 J03BONUTH cOO1
I'lC, 301JIBIITYBasIacs. Croronni
nonyisipHicTe ['IC mosiCHIOETBCS 1mie ¥ THUM,
mo A0 85% Bcix icHyrouux y cBiTi BJ]
MICTHUTB reorpadiuny iHpopMallito,
BUKOPHCTOBYIOUM SIKy MOKHA TIPHUB’SI3aTH 1
BCi IHIII JaHi O KapTH 1 OTpUMATH SKICHO
HOBI MOXUTMBOCTI JIJISl aHATI3Y.

OCHOBHA YaCcTHHA

PozyminHs mapaaurmu HeoiH(opMmamiiHUX
CUCTEM BIJIOBia€ YSABIEHHIO TPO Te, IIO
I'IC — me OinbII HIX TAaKET MPOTrPaMHUX
3ac00iB, €NEKTPOHHHUX TaOMUIL JaHHX,
KOMIT FOTEpHHUX 3acOo0iB MJisi BiJOOpakeHHS
CBITY, 33/JI0BOJICHHS 1H(QOpMaLiHHUX MOTPeO

available for majority of people. GIS using lets
providing almost all services with an
information base on the high new level and
basing on it to provide solving of the technical,
economic and big variety of the other tasks.
Also GIS is used spread on the development
and control of the real estate objects.

Despite maps is used thousand years, graphic
and descriptive information were gathered for
creating the first geographic information
system around quite recently, around 40 tears
ago.

One of the first GIS appeared at connected
exactly with the control of the real estate
objects organizations, as this sphere of the
using is most obvious. In the Development of
the GIS was connected with the rapid
development of the information technology in
general, however the first of all it was
connected with the development of the
hardware base. The fist open full-blown
capable to work on a usual PC GIS has
appeared little bit later than 20 years ago — in
1944 (Arcview), which impetuous development
should especially be connected with it. GIS
quickly adapted to this new cheap platform,
and the price of the systems began to move
down in conformity with growing up quantity
of the users and organizations, which could
afford GIS.

The main part

Today GIS popularity is explained by almost
85% all existing DB of the world have
geographic information, using it, all other data
can be connected with maps and it lets to
receive an absolutely new capability
foranalyzing.
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KOPUCTYBa4iB TpU BHUpIMIEHHI MpolieM
00poOKM JaHUX 1 3HAHb Ta TNPUUHATTS
MOJKJIMBHX BianoBinanbHux pimens. ['1C — e
OUThIII HIXK IHCTPYMEHT Il BUPIIICHHS
npo6yiem. Bupimennst mpobnem 3acobamu Ta
TEXHOJIOT1IMU I'ncC BUMarae
BHCOKOKBaJIi(hikOBaHUX (haxiBIIiB, CACTEMHHX
AQHATITUKIB [T aHaIi3y CUTyalli, iHTerpamii
BINOBIAHOI 1H(pOpMaLii, TPUHHATTS pillIeHb
B yYMOBaX HEBU3HAYEHOCTI Ha MHOXHUHI
albTEpHATHB, KpUTEpiiB 1 OOMEXeHb, IO
BH3HAYAIOTHCS MPEIMETHOIO obJacTio [1].

OcobnmuBe 3HA4YEeHHS MAa€ 3aCTOCYBaHHS
reoinopmMaliifHUX cuUCTeM ISl yIpaBIiHHS
HEPYXOMICTIO Ha OCHOBI pe3ynbTaTiB ii
aHanmizy. Jlns aHamizy pUHKY HEpPYyXOMOCTI
XapkoBa 3alpOIIOHOBAHO BUKOPUCTOBYBATU
npoayktu cimeiictBa ArcGIS. Take pimeHHs
J03BOJISIE  CKOHLEHTPYBAaTH  yBary  Ha
(GYHKI[IOHABHOCTI CHCTEMHU 1 peanizamii
pilleHHs 3aBIaHb, MO CTOATH TEpen
KOPUCTYBa4yeM.

BaxnuBum eranoMm y poOOTi 31 CTBOpPEHHS
I'lC € miaroToBKa NPOCTOPOBUX JTaHUX.

Bin ix KopekTHOCTI,
HECYNepe4HOCTI 3aIIEXKUTh
(YHKI[IOHYBaHHS CUCTEMHU B LILJIOMY.

aKTyaJIbHOCTI  Ta
yCIIIIHE

JlxepenaMu  TPOCTOPOBHX  JAHUX €
KapTorpadiusi marepiainm, JaHi
JUCTAHLIMHOTO 30HAYBaHHS (KOCMiuHA 1
aepodOTO3HIMAHHS), BIIOMYI  MaTepiaiu.
BpaxoByroun BIJIMOBIAHI MaTepiaian
CTBOpeHO 0a3y TeoJaHHHMX Ta MOOYIOBaHi
“mapu” Ta  BUKOHYETBHCS  BIAMOBIJIHA
00poOKa.

VY pe3ynabTari AOCHIHKEHHS 3alpOIIOHOBAHO
MOCIIIJIOBHICTh KPOKIB 3JIHCHEHHS aHaji3y
HEPYXOMOCTI 13 3aCTOCYBAHHS
reoiH(opMalifHUX CHUCTEM:

Kpoxk 1. Orpumanus iHpopMmariii mpo 00’ €KTH
HEPYXOMOCTI: 3arajibHa IUIOIIA, JK1JjIa IUIOMIA,
IJI0IIa KyXHIi, BapTiCTh, TOBEPX, aapeca, Ta
1HIIIE.

The conception of the neo-information systems
paradigm appropriates to the notion that GIS is
more than the set of the program means,
electronic data tables, computer means for
depicturing world, satisfaction of the
information needs of the users during problem-
solving of the processing information and
making possible proper decisions. GIS is more
than problem-solving tool. The problem-
solving with GIS technologies and means
claims highly qualified specialists, system
actuaries for situation analyzing, integration of
the appropriate information, making decision,
standing in conditions of the indeterminacy
with alternatives variety, criterions and limits,
which are determined by subject realm.

Using of the GIS has especially meaning for
real estate control, basing on resultsit’s
analysis. The products of the ArcGIS kind were
offered to use for analyzing of the real estate
market. Such solution let concentrating
attention to the system’s functionality and
implementing of the solution of, standing
opposite user, tasks.

The important stage in the creating of GIS is
preparation of spatial data. General functioning
of system depends on correctness, relevance
and consistency of it.

The sources of spatial data are map
information, data of remote probing (space and
air  photography), departmental data.
Considering corresponding the information
base of geographic data was created, “spheres”
were build and proper data processing are
executed.

The result of this research is the proposition of
sequence of steps for, using Geographic
Information Systems, analyzing of a real estate:

Step 1. Collecting information about real estate
object: total area, accommodation, kitchen’s
area, price, stage, address etc.
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Kpok 2. Knacudikariis 00’€KTiB HEpyXOMOCTI Step 2. Classification of real estate objects by

3a THIIOM HEPYXOMOI'O MaiHa: JKHja, types: place of living , commercial real estate,
KOMEpLiliHa  HEePYXOMICTh, 3a  MiCLEeM by location, type of real estate (flat, house,
po3TaniyBaHHs; THIIOM MaiHa (KBapTHpa, parcel).

OYIWHOK, JUTSTHKA).
Kpoxk 3. BaeceHHst 00’€KTiB B 0a3y reoaHux. Step 3. Loading of objects into geo-data base.

Kpok 4. ba3za reomaHux, BUKOHAHHS 3aIlUTIiB Step 4. Geo-data base. Execution of the data
B 0asi. base’s query.

Kpok 5. Tlomyk HepyxoMoro MmaiiHa Step 5. Seeking of the real estate according to
BiJIMOBIHO JI0 3a3HAYEHUX BUMOT TIOKYIIIIS B the customer’s demands.
0a3i reoJaHux.

Kpok 6. BukopucraHHS  IIOBEPXOHb Step 6. Using of distribution surfaces of the
pO3MOJITy  BapTOCTI  HEPYXOMOCTI, IS price for analysis existing variants.
aHaJi3y iICHYIOUMX BapiaHTIB.

Kpok 7. Hagauus indopmarnii mpo o6’ektu Step 7. Informing of client about real estate
HepyxoMocTi  kimieHTy. Ilicmst  Toro sk objects. When, appropriating for client’s
3HalIEHO HEOOXIAHMH 00’€KT HEPYyXOMOCTI demands, object was found, a client have to
32 BUMOT'aMH IOKYIIISA, HEOOXiIHO, 00 BiH consider this proposition. Using maps in the
PO3TIISIHYB 3alpONOHOBaHy Mpormno3uiit. Le computer program ArcMap, a client can

MOXKHa 3pOOWUTH 3 BHUKOPUCTAHHS KapT B visually see district, object’s location,
nporpami ArcMap, KII€EHT MOXe Bi3yallbHO infrastructure and object’s characteristics.
MOJIMBUTUCS PAMOH pO3TalllyBaHHS 00’ €KTY,

iH(ppacTpyKTypa, Ta XapaKTepUCTUKH

00’eKTy.

Step 8. Checking of a satisfaction of a client’s
Kpoxk 8. IlepeBipka yMOBU 4YH 3aJ0BOJIBHSE demands. If proposed object satisfy client than
3alPOMOHOBAHUN O00’€KT YMOBHM KITI€HTA, Step 9 is executed, otherwise returning to Step
SIKIIIO TaK TO TIEPEXOJUMO JI0 KPOKY 9, SKIIO S.
Hi TO Tpeba MOBEPHYTUCS A0 KPOKY 5.

Step 9. Matching of details between customer
Kpok 9. Y3romkenHs neraneil Mixk MOKYIIIeM and owner, discussing price and other
Ta BIIACHUKOM MaiiHa, 0OrOBOpPEHHS BapTOCTi conditions.
Ta IHIIUX JETaJIEH.

Step 10. Issuance of documents. Juridical
Kpok 10. OdopmieHHs  JOKYMEHTIB. issuance of all needed documents for
IOpunnune odopmieHHS BCiX HEOOXiTHHX conducting a transaction.
JOKYMEHTIB JJIs 3/11iICHEHHS yTOJTH.

Step 11. Contract of sale. Signing of a contract
Kpok 11.  JloroBip-KymiBili  HpPOAAXKY. Is last step.
OcTaHHIM KPOKOM € YKJIaJIaHHS IOTOBOPY.

Keeping records as data base, implementing of
JInst eeKTHUBHOTO YIPABIIHHS HEPYXOMHUM structural systems of having wide set of
MaifHOM, PEKOMEHJOBAaHO: BECTH OOJIIK BCiX characteristics and opportunity adding of free
00’€KTiB y BUTIIAAI 0a3u Te0aHUX, BEIACHHS characteristics real, estate objects: all loaded

CTPYKTYPOBaHOI CHCTEMHU 00’€KTIB characteristics can be used in future for
HEPYXOMOCTI 3  IIUPOKUM  HabOpoM creating requests and making reports, creating
XapaKTePUCTHK 1 MOXKIIUBICTIO JOJIaBaHHS list of real estate objects with opportunity to
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JOBUIBHUX  XapaKTePUCTHK; BCi BBEJCHI
XapaKTEePUCTHKH B MOJAIBIIOMY MOXYTh
BUKOPUCTOBYBATHCS Ui MOOYIOBH 3alMTiB
Ta (hopMyBaHHS 3BITIB, POPMYBaHHS PEECTPY
00’€KTIB  HEPYXOMOCTI 3  MOXIJIUBICTIO
B1100pY 32 PI3HUMH XapaKTePUCTUKAMHU.

BucuoBku

OTtxe, reoindopmarinHum aHai3
HEPYXOMOTO MaifHa JI03BOJISIE BHKOHYBATH
olepaTUBHUI Meperisi po3MilleHHs 00’ eKTa
Ha TUTaHI, 3aHECEHHS 00’ €KTIB HEPyXOMOCTI
10 0a3u TeoJaHuX, MOXKJIMBICTh reorpadivyHoi
NpPUB’S3KH, a TaKOX TPHUB’SI3KH 00 €KTIB
HEPYXOMOCTi J0 LIHOBUX Kareropisx. OTxe,
BIIPOBA/DKEHHSI POOOTH HA  IiIIPUEMCTBI,
JI03BOJIIE CKOPOTHUTH 4Yac POOOTH, a TaKOXK

MepCOHAI IpaIiBHUKIB, 3abe3neuye
KOPUCTYBaYiB  JIOCTOBIPHOIO, AaKTyaJbHOIO
iHpopMarie€ro.
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Penenzentn:

chose objects by different characteristics.

Conclusion

So Geographic information analysis gives
opportunity to execute operative review of
object’s location on a plan, adding real estate
objects into geo-data base, possibility of a
geographic linking, linking of real estate
objects to price categories also.
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YK 528.9
MamonoB K.A., 1-p exonom. Hayk, Pynomaxa A.B.

BUKOPHCTAHHSA TEOITHOOPMALIMHNUX CUCTEM JJIS OIIHKA BAPTOCTI
3EMJII HACEJIEHUX ITYHKTIB

AHoTaunisi. B ctaTTi nmokaszano, mio aHami3 Bukopuctants [ IC-TexHoIoTi# y rpoIIoBii OIiHII 3eMelb
HACEJICHUX MYHKTIB J03BOJII€ 3pOOMTH BUCHOBOK ILOJO 3HAYHHUX IepeBar aBTOMaTH3allii X pooiT
Ta OTPMMaHHI TNeBHOro edeKTy Bif iX BukopucTaHHs. [li mepeBarum 3HAWIUM BiOOpa)KEHHS Yy
CKOpOYeHHI (B/ABiYi, BTpHYi) TEPMiHIB BHUKOHAHHS pOOIT, WiABHUIICHHI SKOCTI TMPOEKTHOT
JOKYMEHTAIlil, MOXJIMBOCTI TPAKTHYHO HEOOMEKEHOI0 THPAKYBaHHS pe3yJIbTaTiB  OIIHKH,
yHi(iKarii NpOeKTHUX MaTepiais.

KuarouoBi caoBa: ['IC-texHosorii, rpomioBa OIliHKa, 3€MENbHI BiJHOCHHH, 3€MEJIbHA MUISHKA,
PEHTHHIA TOXi]I.

UDC 528.9
Mamonov K. A., doctor of economic sciences, Rudomakha A. V.

APPLICATION OF GEOGRAPHIC INFORMATION SYSTEMS TO ESTIMATE THE
VALUE OF THE LAND OF INHABITED LOCALITIES

Abstract. The article shows that analysis of GIS technology in the monetary evaluation of land
settlements leads to the conclusion about the significant advantages of automating work and getting
some effect of their use. These benefits are reflected in the reduction of (double, triple) deadlines,
improve the quality of project documentation, the possibility of virtually unlimited duplication of
evaluation, harmonization project materials.

Key words: GIS technology, monetary valuation, land relations, land, rental income.

YK 528.9
MamonoB K.A., 1-p s5xoHOM. Hayk, Pynomaxa A.B.

HNCITOJIb30BAHUE 'TEONH®OPMALMNOHHBIX CUCTEM JJIs1 OHEHKHU
CTOUMOCTH 3EMJIM HACEJIEHHBIX ITYHKTOB

AHHOTanmus. B crarbe moka3zaHo, 4To aHaiau3 ucmoib3oBaHus ['ICTeXHOJOrH IEHEKHOM OIlEHKE
3eMeNIb HACEJICHHBIX ITYHKTOB TIO3BOJISIET CJENaTh BBIBOJA O 3HAYUTEIBHBIX MPEUMYIIECTB
aBTOMATHU3AIMK 3THX Pa0OT M IMOJIYYEHUH OMpeaeacHHOro 3g¢eKkra OT MX HCIOIb30BaHUI. OTH
MPEUMYIIECTBA HAIIM OTPAXEHUE B COKpAIIeHWH (BIBOE, BTPOE) CPOKOB BBIMOJIHEHHUS DPabOT,
MOBBIIICHUN KayecTBAa MPOEKTHOW JOKYMEHTAIMHU, BO3MOXKHOCTH NPAKTUYECKH HEOTPAHUYEHHOTO
THPAKUPOBAHUS PE3yJbTaTOB OINCHKH, YHH(HUKAIIUHA MPOCSKTHBIX MaTEPHAJIOB.

KarwueBbie ciaoBa: ['MIC TexHomoruu, aeHE)KHas OICHKA, 3¢MEIbHBIC OTHOIICHUS, 3€MEIIbHBIM
y4acCTOK, PEHTHBIH J10X0/1

Beryn Membership
3a ocTaHHIN Yac TpoIIOBa OIIHKA HACEIEHUX In the recent time the monetary evaluation of
NyHKTIB YKpaiHU MepeTBOPHUIach y BUI POOIT, inhabited localities of Ukraine turned into one of
B SKUX HAWOUIBII TOBHO Ta eQEKTUBHO the fields in which the GIS systems are used on
BUKOPUCTOBYIOThCS I'IC-TexHOIOTI1. the biggest scope and the most efficiently.

3akoH VYkpaimum "lIpo mmaty 3a 3emmro”
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BU3Ha4yae, 10 TPOLIOBAa  OLIHKAa  3eMJi
3aCTOCOBYETHCS TSt eKOHOMIYHOTO
peryaioBaHHS  3€MEJIbHUX  BIJHOCHH IIpU
YKJIaJaHH1 [IUBUTBHO-TIPABOBUX yrom,
nepeadayeHnx  3aKOHOAABCTBOM  YKpaiHH.
Crarrero 2 3aKOHY nependoadeHo, 1o IiaTa 3a
3eMJII0, KA CHOpPAaBISETbCA Yy  BUIISAL

3eMENBbHOTO IMOJATKy ab0 OpeHAHOI IUIaTH,
BH3HAYAETHCS 3aJI€KHO BiJl IPOIIOBOI OI[IHKU
3eMellb.

HopmaruBHO-MeTOqMUHy — 0a3y
OLIIHKH 3eMelb HaCEJIEHUX IYHKTIB
3a[l0YaTKOBYE METOAMKA TIPOILIOBOI OLIHKU
3eMeJb CITbCHbKOTOCIIOAPCHKOTO MPU3HAYEHHS
Ta  HAaceJIeHWX  IYHKTIB,  3aTBep/DKEHa
nocraHoBoro KaGinery MiHicTpiB YKpainu Bif
23 OGepe3ns 1995 p. 3a No 213 Tta mopsaok
IpOILIOBOT OLIIHKH 3eMelb
CUIBCBKOTOCIIOIAPCHKOI0  NPU3HAYEHHS  Ta
HACCJICHUX  ITYHKTIB (Mincimsrocmmpon,
Jlep>kkoMm3eM, JlepKKOMMICTOOYyBaHHS,
VYkpaiHchka akajaemis arpapHux Hayk, 1995 p.,
3 ypaxyBaHHSM 3MiH Ta JIONIOBHEHb 3TiJHO 3
Haka3zoM [lepxxkom3emy Ykpainu Bix 15 kBiTHS
1997 p.).

TPOIIOBOL

3rigHo 3 3akoHoM Ykpainu "llpo muaty 3a
3eMII0" TPOIIOBA OIlIHKA € KamiTali30BaHUM
PEHTHUM JIOXOJIOM 13 3€MeNbHOI IUISHKU. B
HACEJICHUX MYHKTaX PEHTHHUH J10X1Jl BUHUKAE,
mepur  3a  BCE, 3aBISKM  OOJALITYBaHHIO
TEPUTOPII Ta TMepeBaraM MiCIisi PO3TallyBaHHS
BITHOCHO PUHKIB CUPOBHUHH, 30yTy Ta pobouoi
CHJIN.

OcCHOBHA YaCcTHHA
Ha po3mip peHTHOro 10X0/1y BIUIMBAIOTh:

*  MICHENOJIOKEHHSI HACEJIEHOTO MYHKTY YV
TEPUTOPIATBHAX CHUCTEMAaX BUPOOHMIITBA 1
po3ceneHHs Ta 0COOJIMBOCTI
MICIIepO3TalllyBaHHSI 3€MENIbHOI JIJISTHKH B
HOro MeXax;

* piBEHb 1HKEHEPHO-TPAHCIIOPTHOTO
o0JalmITyBaHHs, NPUPOAHO-KIIMAaTHYHI  Ta
1HYKEHEePHO-TEOJIOT19H1 YMOBH,
apXxiTeKTypHo-TaHmapTHA Ta
ICTOPUKO-KYJIbTYpPHA IIHHICTh, €KOJOTIUHUM
CTaH TEPUTOPIii HACENECHOTO MYHKTY;

131

The low of Ukraine “About Payment for Land”
specifies that the monetary evaluation of the land
IS to be used for the economic regulation of land
relations, when making civil legal agreements
that are regulated by the legislation of Ukraine.
According to the Article 2 the payment for the
land, in a form of a tax or a rental payment,
depends on the monetary evaluation of theland.

The regulation basis of the monetary evaluation
of lands sets the methodology of monetary
evaluation of lands that areassigned for
agricultural purposes and of lands of inhabited
localities, approved by the resolution No 213 of
the Cabinet of Ministers of Ukraine from March,
23 1995 and by the order about monetary
evaluation of agricultural lands and inhabited
localities (Ministery of  Agreeculture,
StateLandCommittee, State Commetee of City
Planning, Academy of Agricultural Science of
Ukraine, 1995 considering the changes and
supplements in accordance to the order of
theStateLandCommitteeofUkraine from April, 15
1997).

According to the low of Ukraine “About
Payment for Land” the monetary evaluation is
considered to be a capitalized interest income
from a land. In the inhabited localities the
interest income depends in the first place on the
arrangement of the territory and on the
advantages of the location in relation to the
proximity to the raw material markets as well as
to the product and working force markets.

The main part
The interest income is influenced by:

* the location of the inhabited locality in the
territorial  systems  of  production and
demography as well as the peculiarities of the
position of the land propriety in the measures of
a certain system;

* The level of the engineering and transport
development, natural an climatic as well as
geotechnical conditions, architectural, landscape,
historical and cultural value, the ecological state
of the inhabited locality;

* The kind of purpose the land is to be used for.
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* xapaktep (YHKIIOHAJIBLHOTO BUKOPHUCTAHHS
3eMEeIbHOT TUISHKY.

[Ipouenypa BHUKOHAHHS TPOILIOBOi OIIIHKHU
3eMeNb  HACeJIeHWX  NYHKTIB  BH3HAuCHa
“ITopsimkoM  TPOIIOBOi  OIIIHKH  3€MeJlb
CUTBCHKOTOCTIOAPCHKOTO  MPU3HAYCHHS  Ta
HaceJCHUX MyHKTIB”.

Ha mnepmomy erami BHKOHaHHS TPOLIOBOT
OLIHKA OyIb-SKOTO  HACENEHOrO  ITYHKTY
BH3HAYAECTHCS 0a30Ba, CEPENHS BapTiCTh 1M’
3eMellb, SIKa 3aJIeKHUTh BiJl MiCIIEpO3TAIIyBaHHS
HACEJICHOT0 TYHKTY B 3arajibHOICP)KaBHI,
perioHaNBHIM  Ta  MICIEBIN cucTeMax
BHPOOHUIITBA 1 PO3CEJICHHS Ta PIBHS OCBOEHHS
Ta 00JIAIITYBaHHS TEPUTOPII.

Ha  nmpyromy erami  06a3oBa  BapTicTh
IUQEpeHIIIeETbC B MEXaxX  HACceIeHOro
MYHKTY TI0 E€KOHOMIKO-TUIAHYBaJIbHHUX 30HAX,
SKi BCTAaHOBIIIOIOTHCS B  3aJEKHOCTI  Bif
HEOJTHOPITHOCTI

(G yHKI[IOHATbHO-TIJIAHYBaJIbHUX SIKOCTE!
TepUTOpii, KOTPI BIUIMBAIOTH HA PO3MIp
PEHTHOr'O JIOXOJy: PI3HHUI B JOCTYIHOCTI, B
piBHI  IHXEHEpHOro  3abe3meueHHs  Ta
OaroycTpor TepuTOopii, PO3BUTKY cdepu
0o0CITyrOoByBaHHSI HACEJEHHS, B EKOJOTIYHIM
SKOCTI1 TepuTopii  Ta  MpUBAOIMBOCTI
CepeIoBHINA.

Ha Tperhomy erami BHU3HAYA€THCA BapTICTh

OJHOTO  KBaJpaTHOTO  MeTpa  3eMelbHOI
TUISTHKA MEBHOTO (G YHKI1IOHATEHOTO
BUKOPUCTAHHS 3 ypaxyBaHHSAM
TEPUTOPiATbHO-TUTAHYBATTBHHUX,
1H)KEHEPHO-T€0JIOT1YHHX,
ICTOPUKO-KYJIbTYPHHX,
NPUPOJHO-TAHAIA(PTHUX,
CaHITapHO-TIT1€EHIYHUX Ta

IH)KEHEpHO-1H(PPACTPYKTYPHUX OCOOIMBOCTEH
11 MICLIEIIOJIOKEHHS.

CroropHi, konu B YKpaiHi IIUPOKO PO3TOPHYTI
poOOTH 3 TPOIIOBOI OLIHKH 3e€Mellb, BaKIMBO
MOBEPHYTHCHh B MUHYJIE 1 IpOaHaNi3yBaTu TON
TePHUCTUN [UISIX, SKAW MPOWIIIAa OIliHKA

3eMeNb HAcelleHMX IYHKTIB 3a OCTaHHE
JECSITHPIYYSL.
ITonepenHukom IpOILIOBOT OLIIHKH €
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The procedure of the monetary evaluation of
inhabited localities is defined by the “Order of
the Monetary Evaluation of Lands for
ArgiculturalPuposes  and of Inhabited
Localities™.

On the first stage of the monetary evaluation of
any inhabited locality the basis and middle value
1m? for have to be set, depending on the location
of the inhabited locality in the state, regional and
the local systems of production and demography
and the level of the development of the
infrastructure.

On the second stage, the basis value will be
differentiated in the measures of the inhabited
locality, according to the qualities of the
functional planning of the area, which influence
the size of the interest income: the difference in
availability, in the development of the service
sector, in the ecological quality of the territory
and the attraction of the area.

In the third stage the price of one square meter of
a land is set, considering the territorial, planning,
geotechnical, historical, cultural, natural,
geological, sanitary and hygienic as well as
infrastructural characteristics of the location.

Today, that in Ukraine the work in the field of
monetary evaluation of land is widely deployed,
it is important to look at the past and to analyze
the hard way the evaluation of land of inhabited
localities went through in the last decades.

The predecessor of the monetary evaluation was
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KOMIUICKCHA €KOHOMIYHa OIliHKa 3eMelb
HaceneHux NyHKTIB (ckopoueHo KEOT), ska
noyajia BUKOHYBaTHCh B PI3HHUX MiCTax
konumHboro CPCP 3 kinng 80-x pp. Ha Toit
gyac KEOT He wmama mig co0oro HiTKOTO
MPaBOBOTO MArpyHTA. B Toi e yac 3miicHeH1
eKCIIePUMEHTAIbHI JOCTIKEHHS i
BrnpoBapkeHHss KEOT y niro B meskux mictax
CPCP (B Tomy umcii i B YKpaiHi) CBITUHIH
po i1 HeaOUAKYy EKOHOMIYHY e(PeKTUBHICTh. 3a
paxyHok BrpoBajkeHHs KEOT BBoaunacs
ara 3a KOPUCTYBaHHS MICBKMMH 3E€MIISIMH 1,
TUM CaMuM, 30UIbIIYBABCS MICHKUIH OIOJIKET.

Crpobu 3acrocyBanHs KEOT B ymoBax
COIIIANICTUYHOT  JIepKaBH OyiaM MEpIIUMH
cpobamu nepexony y 3eMeNbHUX

BiJTHOIIICHHSX HA PUHKOBI PEHKH.

@akTHYHO B Il 4Yac CKIAJIUCSH KUIbKa
metononorivaux mkin KEOT. Oany 3 Hux
ouomoBana C.KabakoBa (H/IEB HepxOymy
CPCP), inmy cknanu Cankr-IlerepOyp3bki
¢axiBui HIAIBI renmmany: M.[lanpumnkos,
O.ITaxomoBa, B.Msrkos, B.denopos; Tpetio
OYOJIFOBAB B.IlermoB (IHAAIT
MICTOOYAyBaHHS); B YKpaiHi CBOIO METOJAUKY
po3pobmsimn  rpymu € Ky (Kuis  HIIII
MICTOOYAYBaHHS), I".3abno1pK0T0 i
B.CornikoBa (Kuis H/IIImicToOynyBaHH:),
O.IManexu,  O.31o03t0ka,  [.Iligrpymsoro
(ircTuTyT “dimpomicTo”).

Came B po3poOkax ykpaiHCbKUX (axiBI[IB B
€KOHOMIUHI{ OLIHII BHepIle Oy 3aCTOCOBaHi
€IEMEHTH TIeolH(QOpMAI[IfHUX  TEXHOJIOT1H
(JIeBiB, Jlucuuancwek, TepHominb, bepasHchk
tomo). OCHOBHAM HAINPSIMKOM BUKOPWCTAHHS
reoiHpopMaliiHUX TEXHOJIOTIH B IIMX poOOTax
Oyl10 eKOHOMIKO-TUIaHyBaJIbHE  30HYBaHHS
TepUTOpii HaceJIeHUuX MTYHKTIB, SAKe
MPOBOIWIIOCH HAa  OCHOBI  BHUKOPHCTaHHS
eJIEKTPOHHUX BEKTOPHUX KapT MICLIEBOCTI Ta
3ac001B MPOCTOPOBOTO aHAJI3y 1 MOACITIOBAHHS
I'c (po3paxyHOK
TPaHCIIOPTHO-(YHKITIOHATLHOT 3pYYHOCTI,
OLIIHKA €KOJIOTIYHOTO CTaHy, eKCIIEPTHA OLlIHKA
MICTOOYAIBHHX SIKOCTEH TEPUTOPIT).
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a complex economic evaluation of land of
inhabited localities,that started to be introduced
in different cities of the Soviet Union at the end
of 80-ies. At that time the complex economic
evaluation of land of inhabited localities did not
have a definite basis. At the same time the
experimental researches as well as the
introduction of the complex economic evaluation
of land of inhabited localities in some cities of
the Soviet Union (also in Ukraine) can serve as
an evidence of its high efficiency. With the
introduction of thecomplex economic evaluation
of land of inhabited localities the payment for
the wusage of municipal lands was also
introduced, what meant an additional
contribution into the city budget. The attempts to
apply thecomplex economic evaluation of land
of inhabited localities in the conditions of a
socialistic country were the first endeavor of
transition in land relations to the market ones.

Practically at this time a few methodological
schools of economic evaluation of land of
inhabited localities were founded. One of them
was headed by S. Kabakova, the other was

formed by specialists in St. Petersburg:
M.Palchikov, O.Pahomova, V.Miahkov,
V.Fedorov; the third was headed by

V.Shcheglov; in Ukraine the groups of E. Kutzia
(Kiev National Research and Project Intitute of
Municipal Building), of G.Zablodzkij and
V.Sotnikova (Kiev National Research and
Projectintitute of Municipal Building), of J.
Pelecha, O. Zaziuka, G.Pidgrushnuj (Intutute
“Dnipromisto”)  were  developing  their
methodology.

Exactly in the developments of the Ukrainian
specialists in the field of the economical
evaluation the first elements of geographic
information technologies were employed (Lviv,
Lysychansk, Ternopil, Berdjansk etc.). The main
sphere of the usage of geographic information
technologies in these area was the economic and
planning zoning of the territories of the inhabited
localities that was carried out on the basis of the
usage of electronic vector maps of a certain
location as well as of the means of spatial
analysis and GIS modeling (calculation of the
transport system convenience, evaluation of the
ecological state of the area, expert evaluation the
city building qualities of the territory.)
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B incrutyti “Ainpomicto” 3actocyBanus ['IC
B KEOT (a 3 1995 p. y rpomioBiii OIiHII1)
HaOynmo MmacoBoro xapakrtepy. OrmnpanboBaHi
METOOJIOTIYHI Ta TEXHOJIOTIYHI TPUHOMH
BukopuctanHsa I'IC-texHonoriii y oMy Bui
poOiIT.

3acTocyBaHHS I'IC-TexHOMOTIi
MIJBUIIYE  SKICTh  TPOMIOBOI
KOHTEKCTI 3011CHEHH:

3HAYHO
OLIHKH Yy

1. ABromarm3oBaHoro 30ipy, OOpoOKu Ta

cucreMarusanii BUXITHUX TAHUX (s1x
KapTorpagiuHux, TaK i CEMaHTUYHHUX ).
2. Amnanizy OTPpUMAHOL iHdopmarrii

(3acTocyBaHHS METOJIIB MTPOCTOPOBOTO aHATI3Y
Ui 00paxyHKY Iuion] o0’€KTiB, iX IOBXKHWHH,
NepUMeTpa; BUKOPUCTAHHS OBEPIICHHOrO Ta
OydepHoro  aHamizy  JUisi ~ BH3HAYEHHSA
HIUTBHOCTI PO3TIOBCIOIKEHHS OKpeMHX
dakTopiB owiHKK; TOOyI0Ba KapTorpaMm Ta
KapTojiarpaM NpW BU3HAYEHHI IHTETPaIbHUX

IHIEKCIB  SIKOCTI TEpUTOpil; 3aCTOCYBaHHS
METOAY 13011H1I pu IHTEPIOJISILIT
pe3yJbTariB).

3. Tlomyky, copTyBaHHi Ta  BHOIpPKH
pe3yibTaTiB  TPOIIOBOT  OIIHKKH  OKPEMHUX

3CMCIIbHUX I[iJ'ISIHOK.

4. ITiATOTOBKYU Ta PO3JPYKYBaHHS pe3yJbTaTiB

IpOIIOBOI  OLIHKM  4Yepe3  3aCTOCYBAHHS
MIPUHTEPIB Ta MJIOTEPIB.
[lepmM  mporpaMHUM — TPOIYKTOM,  SIKUH

BUKOPHCTOBYBABCSl HAMU B OLIiHIII 3eMelb Oyna
reoindopmaniitna cuctema MICTO. Ane Bxke
B 1997 p. Mu Biauynu HEOOX1AHICTH PO3POOKH
IIPOrPaMHOTO MPOAYKTY, IKa BUKOPUCTOBYE SIK
0000HKY onHy 3 mupokoBigomux [IC.
Takoro T'IC crama ArcView 3.1. Bin ¢dipmu
ESRI. Ha panwmii wac po3poOka mporpamu
“I'pomioBa  oOlliHKa 3eMelb’  3aKiHUeHa 1
BIIPOBa/DKEHA TIPM  BHKOHAHHI  TPOIIOBOT
OLIIHKHU PSLy MICT YKpaiHH.

YMoBaMu Ul BUKOHAHHS T'POILIOBOI OI[IHKH
OKpeMoOi 3eMeNnbHOI AUIIHKM (a came Ie €
KIHIIEBOIO METOI0 OY/b-sKO1 OIIIHKK) Ha OCHOBI1
3acrocyBanHs ['IC e:
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In the institute “Dniptomisto” the usage of GIS
within of the complex economic evaluation of
land of inhabited localities (from 1995 within
monetary evaluation) became massive. The
revised methods and techniques of usageof GIS
technologies in this area.

The employment of the GIS technologies
considerably improves the quality of the
monetary evaluation in the context of realization
of:

1. the automated collection, processing and
systematization of the output data (both
cartographic ~and  semantic)*  HasBHICTB
CJICKTPOHHOI ~ KapTU  HACEJICHOI0  IIYHKTY
(BekTOpHOT 260 PacTpoBOi);

2. the analysis of the obtained information
(application of the methods of spatial analysis
for the calculation of the areas of an object and
its perimeter; employment of the overlaying and
buffer analysis, to define the density of the
expansion of the single factors of the evaluation;
building of cartograms and of diagram maps,
when defining the integral indices of the territory
quality; using of isolines, when interpolating the
results)

3. search, sorting and selecting of results of the
monetary evaluation of single lands.

4. preparation and printing out of the results of
the evaluation, using printers and plotters.

The first program product that we applied in the
evaluation was the geographic information
system MISTO. However, already in the 1997
we felt the need to develop a program product
that would use as its shell one of the widely
known GISes. This GIS was ArcView 3.1. by
ESRI. At present, the development of the
program “Monetary Evaluation of Lands” is
completed and has already been introduced when
conducting the monetary evaluation of a number
of cities in Ukraine.

The conditions for using of monetary evaluation
of single lands (this is the final aim of every
evaluation), basing on the GIS are as follows:

* availability of an electronic map of the
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* na”i

rpadiuni 10710
€KOHOMIKO-TUTaHyBaJIbHOTO 30HYBaHHS
TepUTOpii, 30HM BIUIMBY JIOKAJIBHUX (DAaKTOPIB,
arpoBUPOOHMYI TPYITU TPYHTIB;

* nmaHi 3eMeJBbHOr0 KaJuacTpy, abo CHUCTEMH
peecTparii 3eMeITbHUX JUISTHOK.

VY BHNAAKY HasBHOCTI BCIX IepepaxoBaHHUX
JaHUX  KOPUCTYBaud  CHUCTEMH  OTPHMYE

MOYJIUBICTD:

1. Bu3HauuTH TPOLIOBY OLIHKY 3€MENIbHOT
TUISTHKA pi3HOTO (YHKIIIOHAJILHOTO
BUKOPUCTAHHS B Oy/b-SKii TOYILl €JIEKTPOHHOT
KapTH HaceJIeHOro IYHKTY 3 2 Mepesikom
JOKaIbHUX (PAKTOPIB, MO (HOPMYIOTH OLIHKY
(ominka 1 m).

2. Bu3HaYMTH TPOUIOBY OIIIHKY BUIBHOTO
MOJIITOHY 3 ypaxyBaHHSAM  B3a€MHOTO
po3TallyBaHHs MOJITOHY 1 (haKTOPiB.

3. BusHauuTH TpOWIOBY OIIHKY 3EMEIbHOI
TUISTHKA  IOpUANYHOT 4M  (pismuHOi ocobm i3
30epexeHHsM iHdopmalii B 0a3i maHMX Ta
MOJKJIMBICTIO OTPHMAaHHS 3BITY 13 TpOIIOBOT
OLIIHKH.

3a ocraHHIi dYac 3arajoM B IHCTHUTYTI
“JlimpomicTo” reoiHpoOpMaIiiiHI TEXHOJIOTIi
Oynn BUKOpUCTaHI y po3pobui Outbme 40
MPOEKTIB  KOMILJIEKCHOI =~ €KOHOMIYHOI  Ta
IPOLIOBOI OILIIHKM 3€MeJlb HACEIEHUX ITYHKTIB.
Cepen  HHUX  cCHig  BIO3HAUYATH  MiCTa
CeBactononb, 3anopixoks, JIHIMPONETPOBCHK,
Opnecy, Mukonais, UepHiris.

[lepeBara BUKOHAHHS TPOIIOBOi OINIHKH 3
BukopuctanusMm ['IC momsirae He TIIBKUA Yy
3a0Ma/PKeHH]  Yacy, ajle ¥ y MOMJIMBOCTI
noeqHaTH il 3 IHIIUMU  MiCTOOYAIBHUMHU
poOoTamMu: 3eMeIbHMM 1 MICTOOYAIBHUM
KaJlaCTpaMH, TEHEpaJbHUM IUTAHOM, CXEMOIO
npuBaTH3alii 3eMelb HAaCeJeHUX ITYHKTIB
TOLLIO. [Tpuxnagom CTBOPEHHSA TaKol1
“nepmanenTtHoi” I'IC craB TepHomninb, ne Ha
ocHoBi Bukopuctanas [IC Ta cTBOpeHHs
nudposoi €JIEKTPOHHO1 KapTu
(BUKOPUCTOBYBAIIUCH TOTIOTUTAHIIIETH
Macmtady 1:2000) Oymm y 1992-95 pp.
BHUKOHaHi pobotu 1o KOMILIEKCHIH
€KOHOMIYHIN OIlIHIIl TepUTOpii, 3eMETBLHOMY
KajgacTpy, KOHLENIii wmicToOyniBHOroO i
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inhabited locality (vector or raster one);

*graphic data about the economic and planning
zoning of the territory, zones of influence of
local factors, agroindustrial groups of the soils;
thedataoflandcadasterorthesystemofregistrationof
lands.

In the caseif all the information is provided, the
user of the system is able to:

1. Define the monetary evaluation of a land with
a different functional purpose in any point of the
electronic map of an inhabited locality with 2 list
of local factors that form the evaluation
(evaluation of 1 meter).

2. Define the monetary evaluation of the free
polygon, taking into consideration the correlated
location of the polygon and the factors.

3. Define the monetary evaluation of a piece of
land that belongs to a legal or a physical person,
preserving the information in the data base, with
an opportunity of getting a report on the
monetary evaluation.

Till present time the geographic information
technologies has been used in the institute
“Dnipromisto” to develop more than 40 projects
of complex economic and monetary evaluation
of lands of inhabited localities. Between them
such  cities as  Sevastopol, Zporizzia,
Dnipropetrovsk, Odessa, Mykolaiv, Chernigiv
should be noted.

The advantage of the implementation of
monetary valuation of the GIS is not only save
time, but also the ability to combine it with other
town planning works, land and urban cadastre,
general plan, scheme of privatization of land
settlements and so on. Examples of such
"permanent” GIS has become Ternopil, where
through the use of GIS and creating digital
electronic cards were in 1992-95 years and the
work performed on the overall economic
assessment of the territory, land cadastre concept
of urban and economic development of the city
and urban land privatization schemes.
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TOCIOJApChKOTO0 PO3BUTKY MicTa 1
MpUBATHU3AIlli MICBKUX 3€MEJIb.

CXEMHU

B 1997-99 pp. ananoriudi mnpoektu Oyau
BUKOHaHi y M. CtaxaHoB, bpoBapu, UepHiris.

Amnaniz  Bukopuctanus ['IC-texnomoriii vy
TPOIIOBIM OIIHII 3€MeJIb HACEICHUX ITyHKTIB
J03BOJISIE 3pOOMTH BHCHOBOK IIOJ0 3HAYHHUX
mepeBar aBTOMaTH3alii IUX  poOiT Ta
OTpUMaHHI  TEeBHOro  edexTy  Big  ixX
BukopuctanHsa. Lli  mepeBarm  3HaWNUIM
BiJOOpaXeHHsI y CKOpOYeHHi (BJBiYi, BTpHUYI)
TEpMiHIB BUKOHAaHHA POOIT, MiABUIICHHI
SKOCTI TPOEKTHOI JOKYMEHTAIlil, MOXIJIMBOCTI
NPAaKTUYHO  HEOOMEXKEHOTO0  THUPaKyBaHHS
pe3yabTaTiB OLIHKM, YHi(IKamii MPOeKTHUX
Marepiaiis.

BucHoBku
Takum  4YMHOM, 3aCTOCYBaHHs
TexHoyorii  Takux Ak [IC
3a0€3MeYnTH 3pOCTAaHHS SKOCTI OIlIHKH, 11
MOBHOTH Ta JOCTOBIPHOCTi, IO MO3UTUBHO
BIUIMBA€E HA PUHOK 3eMJIi Ta 1HIIMX 00’ €KTIiB
HEPYXOMOCTI.

Cy4acHHX
JI03BOJISIE

Penenzentn:

In the 1997-99 years similar projects have been
implemented in the city: Stakhanov, Brovary,
Chernihiv.

Analysis of GIS technology in the monetary
evaluation of land settlements leads to the
conclusion about the significant advantages of
automating work and getting some effect of their
use. These benefits are reflected in the reduction
of (double, triple) deadlines, improve the quality
of project documentation, the possibility of
virtually unlimited duplication of evaluation,
harmonization project materials.

Conclusion

The use of modern technologies such as GIS
allows for the growth of quality assessment, its
completeness and reliability, which has a
positive impact on the market of land and other
real estate. Also using of modern technologies
such as GIS allows for the growth of quality
assessment, its completeness and reliability,
which has a positive impact on the market of
land and other real estate.
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Yenuenko O.10., xana.texH. Hayk, Mukoaaenko O.A.,

AHAJII3 ICHYIOUUX METOAIB JIs NIIABOPY TEOCUHTEUYHHUX
MATEPIAJIIB B IPEHA’KHUX KOHCTPYKIIAX

Anotanisa. B mponeci OymiBHMnTBa 00'€KTiB, a TakoX NpU PEKOHCTPYKLii icHyrouoi 3abynoBu
OyZiBeNbHUKAaM YacTO JOBOAWTHCS MAaTH CIpPaBy 3 TPYHTOBHMH 1 MOBEpXHEBUMH Bogamu. KiHIleBa BapTiCTh
00'exTa 6e3mocepeTHhO 3AICKUTH BiJl €PEKTUBHOCTI i BUTPAT HA MPOTUMABOIKOBI 1 PLIBTpaiiftHO-IpeHaXHI
3axou. Ha chOromHIIIHIM JeHh ICHYIOTh Pi3HI CHUCTEMH, IO JO3BOJISIOTH 3a0€3MEUNTH MOCTIHHMUN CTIHKUI
npeHax. OHUM 3 CYYacHUX MiIXOJIB € 3aCTOCYBaHHS TEOCHHTETHYHHNX MaTepialiB B IPEHAXHUX CHCTEMaXx,
0 JO03BOJSE 3HAYHO CKOPOTHUTH BUTPATH TpHU OYIIBHUITBI Ta BUPIMIATH NHTAaHHSA HAIIAHOCTI Ta
JIOBFOBIYHOCTI 00’ €KTiB OymiBHHMIITBA[ 1 ].

KaouoBi cioBa: TeOCHHTCTHYHMI MaTepiay, T'E€OKOMIIO3UT, JApEHaX, (UIbTPAliHHUN MPOIIAPOK,
BOJIONIPOHUKHICTH, BOAOMIPOIYCKHA 3JaTHICTb.

YIK 625.7/.8
Ycenuenko EJO., kana.texH. Hayk, Mukojaenko O.A.,

AHAJIN3 CYHIECTBYIOIUX METOA0B IS IOABOPA TEOCUHTEYHUX MATEPHAJIOB
B IPEHA’KHOU KOHCTPYKIUAX

AHHoOTanusa. B mpormecce CTpOMTENBCTBA OOBEKTOB, a TAKKE IPH PEKOHCTPYKIMH, CYHMIECTBYIONIEH
3aCTPOMKH CTPOUTENISIM YacTO MPHUXOAUTCS HMETh €0 C TPYHTOBBIMH W TIOBEPXHOCTHBIMH BOJaMH.
KoHeuHast CTOMMOCTh 00BEKTa HAMPSIMYIO 3aBHCUT OT 3((GEKTUBHOCTH M 3aTPaT HA MPOTHBOMABOIAKOBBIC U
(UIBTPAIIMOHHO-APEHAXKHBIC MeponpuATUsS. Ha CeromHsIIHUA JEHb CYIIECTBYIOT pPa3JIMYHBIC CUCTEMBI,
MO3BOJISFONIUE 00ECIICUNTh OCTOSHHBIN YCTOHUUBBIN IpeHax. OJHUM U3 COBPEMEHHBIX MOJXO0I0B SBJISCTCS
NPUMEHCHHE T'€OCHHTETHYECKUX MATepHaIOB B APCHAKHBIX CHCTEMaX, YTO IO3BOJISICT 3HAYMTEIHHO
COKpaTUuTh pacxoabl IpHU CTPOUTCILCTBEC M PCHINTL BOIPOC HAACKHOCTU U JOJITOBECYHOCTH O6’I)CKTOB
crpoutenscTa [1].

KiaioueBble ¢J0Ba: TEOCHMHTETHYCCKHE MaTepHalibl, T'€OKOMIIO3HT, JPEHaX, (QHIbTPAI[MOHHBIN CIIOH,
BOJIONPOHHUIIAEMOCTh, BOJIONPOITYCKHAsI CIIOCOOHOCTb.

UDC 625.7/.8
Usychenko E., Cand. Eng. Sci. (Ph.D.), Mykolaienko O.

AN ANALYSIS OF EXISTENT METHODS IS FOR THE SELECTION
OF GEOSYNTHETIC MATERIALS IN DRAINAGE CONSTRUCTIONS

Abstract. Often builders have to deal with subsoil and superficial waters in the process of building of objects
or at the reconstruction of existent building. The eventual cost of object directly depends on efficiency and
charges on torrent-control and filtration and drainage measures. Today there are different systems that allow
provide permanent proof drainage. One of modern approaches there is application of geosynthetic materials
in the drainage systems. It allows cutting down expenses at building and deciding the question of reliability
and longevity of building objects.

Key words: geosynthetics, geocomposites, drainage, filtration layer, permeability, culvert capacity.
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Beryn

Knacugikamiss reOCHHTETHYHUX MaTepiaiB, sKa
BHUKOPHUCTOBYETHCS B JIOPOKHBOMY OY/TIBHHUIITBI

NpeJCTaBIeHa 3a TakKUMU  (QYHKIISIMH

apMyBaHHS, PO3IUISTHHS, GbinTpTpyBaHHS,
JpeHYBaHHS, 6opoTsba 3 epo3ie€ro,
TIAPOI30JIAIIS, TEIUIOBOJALISL  Ta  3aXHUCTY.

3BepHEMO OCOOJIMBY yBary Ha Taki (QyHKIIi SK
GbiTbTpyBaHHS Ta JApCHaX. Y  JIPEHAXKHO-
¢GinbTpamiiHUX  CHUCTEMaxX  3aCTOCOBYIOTBHCS
TKaH1 1 HETKaH1 TEOCUHTETUYHI MaTepialiu.

I'eocunTeTMUHMI MaTepial - 3arajJbHUN TEPMiH,
KW OMUCYE PYJIOHHHUH, CTPIYKOBHHA abo
00’eMHMI (y BUTISAAI TPHOXMIPHOT CTPYKTYpH)
Mmarepial, OIMH 13 KOMIIOHEHTIB  SIKOTO
BUKOHAHUH 13 CUHTETMYHOTO a00 HaTypajabHOI'O
noJiiMepy, SIKHi BUKOPHCTOBYIOTh Y KOHTAKTI 13
rpyatoMm 1 (abo) IHIIMMH MaTepiaiamMu B
JOPO’KHBOMY, T€OTEXHIYHOMY Ta LUBUILHOMY
OyIIBHUIITBI.

JlpeHaxxi 3 3aCTOCYBaHHSIM T'€OCHHTCTHKIB
BIIAIITOBYIOTh JUIS  BIIBEJICHHS BOIH  BiJ
JOPOKHBOT KOHCTPYKIIIT B IPEHAKHY CUCTEMY.

OcCHOBHA YacTHHA

[Ipu BnamTyBaHHI BCIX IIapiB JOPOKHBOIO
OJIATY 3 MOHOJIITHUX MaTepialiB sIK TUIONTUHHUN
TOPU3OHTAIBHUM ~ JApeHaXk MICas  TEeXHIKO-
€KOHOMIYHOTO OOIPYHTYBaHHSI JOIYCKA€ETHCS
3aCTOCOBYBAaTH (3aMiCTh JPEHYIOUYOrO MIapy)
NPOMIAPOK 3 TEOTEKCTUJIIBHOTO  Marepiaiy
TOBILMHOIO HE MeHIle 4 MM 3 KoeQillieHTOM
¢binbTpanii He Hkue 50 M/H00y 3 BHITyCKOM
MOJIOTHUILl HAa YKOCH HACUIy Ha BHCOTY He
Menme 0,5 m. Bubip wmarepiany B 1bOoMy
BUMAJKY TPOBOJUTHCA 32  CHEUiaJbHUMHU
BKa31BKaMH.

A came, po3paxyHOK (UIBTPYIOUYMX MPOILIAPKIB
y JIOPOKHIM KOHCTPYKLIi 3aCTOCOBYIOTH II'SITh
KpUTEPIiB:

1) xputepiii yTpUMaHHS IPYHTY — IOPHUCTICTb
¢b1IpTpa NOBUHHA OyTH JOCTATHHO Majoro, 00
3aTpUMYBATH IPYHTOBI YaCTHHKH;

2) KpuTepid BOJONMPOHMKHOCTI (imbTpa —
T'COTCKCTUJIb IIOBUHCH GYTI/I JOCTAaTHBO
BOJIOTIPOHUKHHM, j11(e13) 3a0e3reynTr

MaKCHUMaJIbHO BUTbHE MPOTIKAHHS BOJU;
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Introduction

Classification of geosynthetic materials that
used in travelling building presented after
such functions: of reinforcement, division,
filtration, catchment, fight against erosion
waterproofing, insulation and protection. Lets
turn the special attention on such functions as
filtrations and drainage. The woven and
nonwoven geosynthetic materials are used in
the drainage and filtration systems.

Geosynthetic material is a general term that
describes roll, band or by volume (as a three-
dimensional structure) material, one of
components of that is executed from a
synthetic or natural polymer that is used in a
contact with soil and (or) other materials in
travelling, geotechnical and civil building.

Drainages using geosynthetics arrange for
removal of water from road construction in
the drainage system.

Subject matter

When the device of pavement layers of
reinforced material like plane horizontal
drainage after the feasibility study may be
applied (instead of draining layer) layer of
geotextile material. It thickness must be not
less than 4 mm with a coefficient of filtration
not less than 50 m/day of release panels on
the slopes of the embankment on height of not
less than 0.5 m. The choice of material in this
case is for special instructions.

Specifically, the calculation filter layers in
road construction using five criteria:

1) Soil retention criterion - porosity filter
should be small enough to hold soil particles;

2) criterion permeability filter - geotextiles
must be water permeable enough to provide a
maximum free flow of water;



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

PO3PaxyHKIB 13 BUKOPUCTAHHAM MOAU(]IKOBAHOI

MareMaTUYyHOI  MOJeTIl  pyXy piauHH Yy
nopucromy cepeaoBuili [1]

3) kpurepiii  He3abuBaHHA  (QinbTpa  —
TCOTEKCTUIb TMOBHHEH 3alUIIATUCh BUCOKO
MOPUCTUM  BIIPOJIOBXK  CTPOKY  CIy)KOH 3

HU3bKOIO IMOBIPHICTIO 3a0MBaHHS;

4) xpuTepiii MIIHOCTI — I€OTEKCTUJIb TOBHHEH
OyTH JOCTaTHRO MIIHUM 100 NPOTUCTOATH
MOIIKO/DKCHHSM i  4Yac  yKJIQJaHHA B
KOHCTPYKIIIO, OyniBeTbHIM Ta
eKCIUTyaTal[lfHIM HaBaHTA)KCHHSIM;

5) kpuTepil CTIHKOCTI — I€OTEKCTU/Ib MOBHHEH
OyTH CTIKUM [0 XIMIYHOTO, O10JIOTiYHOTrO 1
yIbTpadioNeTOBOTO BIUTMBY BITPOJOBXK
3alPOEKTOBAHOTO TEPMIHY CITYKOH.

[Ipu po3paxyHKy 3a KpHUTEpiEM YTpUMaHHS

IPYHTY, BHU3HAUYaIOTh po3mip OTBOpIB
re€OTeKCTUIIBHOTO GiabTpa [1]:

099 < 2-dgs, 1)
ne Ogp — HeoOXigHWII pO3Mip OTBOpIB

TC€OTeKCTHIIBHOTO (iabTpa, MM, 3rigHO 3 7.4.1
COV45.2-00018112-025; dgs — po3mip dpaxkiii,
MM, JIpiOHimIe SIKOI B IPYHTI MICTUTbCS 85 %
YaCTUHOK 332 MacOI0 CyXOI'o IPYHTY.
MiHIManbHO  JIOMYCTUMY  BOJONPOHUKHICTH
I€OTEKCTUIII0 BCTAHOBIIIOIOTh 3 YMOBH (2):

kFT21O'k¢, (2)

ne krr — BOJONPOHUKHICTE TEOTEKCTHIIIO,
M/n00y, 3rimHo 3 7.4.2 COY45.2-00018112-025;
kKo — xoedimient dinpTpanii rpyHTy, SKHit
3aXHIIAI0Th T€OTEKCTHILHUM (DUTBTPOM.
HominanbHy BOJONPOHUKHICTH T'€OTEKCTHIIIO
BHU3HAYaloOTh 3 yMOBH (3):

K 7 wom > Kpr - Kz Kpp * Ky - Ky - K, 3)

ne Krrmow — HOMIHAJIBHA BOJOMPOHHUKHICT
TeOoTeKCTHIO, M/mo0y; Kz —  koedimieHT
3MEHILICHHS BOJOMPOHUKHOCTI BHACITIIOK
3a0pyaHeHHs 1 3a0uBaHHs QUIbTPAa YaCTUHKAMU
pyary; Kp  —  koe(ilieHT  3MEHIICHHS
MMOPHUCTOCTI T€O0TEKCTUIIIO B HACJIIOK
nos3yyocti; Kpp — Koe(ilieHT BIIMBY iX

MIPOHUKHEHHS B CTPYKTYpy reoTekcTuinto; Kx —
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3) criteria not clogging the filter- geotextiles
must remain highly porous over the lifetime
of the low probability of clogging;

4) strength criterion - geotextile should be
strong enough to resist damage during styling
in the design, construction and operational
load,;

stability criterion - geotextile to be resistant to
chemical, biological and UV exposure over
projected service life.

5) stability criterion - geotextile to be resistant
to chemical, biological and UV exposure over
projected service life.

For calculating the size of the holes geotextile
filter use the criterion keeping the soil [1]:

Ogp < 2 -dgs, 1)

where Ogp - a necessary mesh size into
geotextile filter, mm, according to SOU45.2-
00018112-025 7.4.1; dgs - fractions size mm,
which is smaller in soil particles contained
85% by weight of dry soil.

Condition of the minimum allowable
permeability geotextile set (2):
kht210'kf, (2)

where ki - geotextile permeability,
m/day, according to SOU45.2-00018112-025
7.4.2; k¢ - coefficient of soil filtration, which
protects geotextile filter.

Nominal permeability
determined from the condition (3):

geotextile

K htnom > ht K- Kp Kpr - Ky " Kp, (3)

where kninom - rated geotextile permeability,
1/day; Kz - rate reduction of permeability due to
ollution and clogging of the filter soil particles;
p - coefficient geotextile porosity reduction as
result of creep; Kp, - coefficient of influence
Jrrounding the granular material because of
leir penetration into the structure geotextiles;
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KOe(QiIieHT BIUIMBY XIMIYHOTO 3a0MBaHHS
¢binpTpa; Kg — KoedilieHT BIUTMBY 010JI0TTYHOTO
3abuBaHHA (iabTpa [6].

B [6] wHaBemeHi METOIUKHA  PO3PaxXyHKY
JTPEHAKHUN KOHCTPYKIIH, SKI BKIIOYAIOTh Pi3HI
napamMeTpu migdopy Ta HaBeIeHI CXeMH 0
pO3paxyHKiB.

OmparroBaBim [3] MOXKHa MOOAYHMTH, IO
BUMOTH /10 TEOCHHTETHKIB  BHCYBaIOTHCS
HACTYIIHI:

- (GUIBTP MOBUHEH MATH CTIHKICTh 1O XIMIYHOTO
CKJIaJly BOJ IPOTSTOM BCHOTO TEPMiHY CIYXOH;

- (IIBTp MOBMHEH MPOITYCKATH MaKCHMAJbHY
KUIBKICTh IPYHTOBHUX BOJ;

- Boja B (QUIBTp NMOBUHHA HAAXOIUTH 3 yCi€l
3MOYYBaHO1 MTOBEPXHi,

- GimpTp TOBMHEH MaTH  ONTHUMAJBHY
MTOPHUCTICTH;

- TpU TOCTiHIA poOOTI (igbTpa HE MOBUHHO
BiI0yBaTucs 3aMyJIeHHS (xompMmarartii)
T€OTEKCTHIIIO;

- GiIBTp HEOOXITHO MAOUpATH 3 YypaxXyBaHHIM
MOJKJIMBOT 3MiHH PO3MipiB MPOXIJHUX OTBOPIB B
3aJIe)KHOCTI BiJl XIMIYHOTO CKJaxy IPYHTOBHX
BOJ;

- rpaBiifHe  oOcumaHHsA TpyOM  cHpuUsie
3arno0iraHHio Bl 3aMyJieHHs  (QuIbTpiB 1
MIBUIIICHHIO TEPMiHIB iX eKCIuTyaraiii.

[IpaBunabHO MiNIOpaHUM T'€OTEKCTUIbL MOXE
BUKOPUCTOBYBAaTHCSI ~ 3aMICTh  MiHEpaJIbHHUX
MmarepiaiiB, 110 QUIBTPYIOTb, a TaKOX B
CYKYITHOCTI 3 HUMH [4].

OTxe, BUKOPHCTAHHS TE€OCHHTETHIHUX
MaTtepialliB JO3BOJISIE ICTOTHO 3HU3UTH BapTiCTh
CIIOPYAM 3a PaxXyHOK 3aMIHHM TPaJUIIHHAX
JOPOTUX TPaBiHO-TAIBKOBUX (PIIBTPIB HA TOHKI
GUIBTpU 3 HETKAHOro Marepiany, a 3 1HIIOTro
00Ky MPHUBOAMTH IO BUPILNIEHHS CHeUU(IYHUX
3aJad  3B’S3aHUX 3 KOJNBMATAIli€l0  Ta
¢binbTpaniiHUMH BIACTUBOCTSMHU.

I'eocunTeTHYHI Marepianu MOKYTb
BUKOPUCTOBYBAaTUCh B SIKOCT1 (PUIbTpaliifHOro
apy npu:

. YKJIaJlaHHl TEOTEKCTHIIIO MO MEPUMETPY
TpaHIIEHHOT NpPEeHH, M0 JO03BOJSE 3aMOOIrTH
Mirpariii YaCTHHOK IPYHTY B IpEHaXHUH 111ap;

. BUKOPHUCTaHHI T€OTEKCTUIIIO ushil
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- - coefficient of influence of a chemical filter
logging; Kg - factor influence biological filter

logging. [6]

In [6] there are methods of calculating
drainage structures that include different
parameters of selection and some schemes for
calculations.

There are  seven
geosynthetics [3]:

- Filter should be resistant to the chemical
composition of water throughout the service
life;

- Pass filter has the maximum number of
groundwater;

- Water filter should come with all wetted
surface;

requirements  for

- Filter should have optimal porosity;

- At constant work filter performance should
not be geotextiles siltation (mudding);

- Filter should be select considering possible
changes in the size of through-holes
depending on the chemical composition of
groundwater;

- Sprinkled gravel pipes helps prevent silting
of filters and improve their life.

The correct geotextiles can be used instead of
mineral materials filtered and together with
them [4].

On one hand, using geosynthetics can
significantly reduce the cost structure by
replacing costly traditional gravel filter on
thin nonwoven filters. On the other hand, it
leads to solve specific problems related to
mudding and filtration properties.

Geosynthetic materials
filtration layer at:

» Laying geotextiles perimeter trench drains
that prevents migration of particles in soil
drainage layer;

* The use of geotextiles under sidewalks,
providing a collective  geocomposites,
combined with drainage sewers;

are using as a
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TPOTyapaMu, IO J03BOJISIE CTBOPUTH 301pHUIA

IFCOKOMITO3UT,  OO'€HAHMK 3  JAPEHAXKHOI
KaHaIIi3alli€clo;
. OyIIBHUIITBI  MiAMIPHUX  CTiH, IO

JI03BOJISIE BIIOKPEMUTH JIPEHAXKHY CHUCTEMY BiJl
3BOPOTHOI 3aCHIIKH.

CTpyKTypa TEOTEKCTHIIIO CXO0XKa Ha TIPYHTOBY,
BiH Ma€ MycTOTH (TMOpHW) 1 4YacTKu (HUTKH 1
BOJIOKHA), TPOTE CTUCIMBICTh 1 B3aEMHE
po3TalryBaHHS KOMIIOHEHTIB  BiJIPI3HSIOTHCS.
CTpYyKTYypOlO TEOCHHTETHYHOTO MaTepiany €
T€OMETPUYHE CITIBBITHOIICHHS MK BOJIOKHAMU
1 mopamu, siIKe Ha TOPSAOK CKJIAJHINIE, HIXK Y
IPYHTI. Po3mip nop BHU3HAYAETHCS
1a00paTOPHUM IILJISIXOM.

OCHOBHOI0O 3a/1a4ueto T€OCUHTETHYHOTO
Mmarepiany,  SKHH  BHKOPHCTOBYETBCS B
JIPEeHAXHUX CHUCTEMaX € MEePeMIIEHHS PiIUHU
Y3[0BXK IOJIOTHA TKaHUHU. Sk  1apeHax
HaWOLIbII e()EeKTUBHI HETKaHI T€OCHHTETHKH,
BOJIOTIPOHUKHICTh SIKMX OJHAKOBO BHCOKa SIK
MomepeKk IUIOUIMHHU TMOJIOTHA, TaK 1 B3JOBXK
HBOTO.

JlpeHyio4i TI'€OCHMHTETUKM 3aCTOCOBYIOTH B
KOHCTPYKTUBHHUX IIapax TOPOKHBOTO OJATY, B
3eMJISIHOMY IOJIOTHI Ta B MiJCTUJISIOYIA OCHOBI
Ta  BUKOPUCTOBYIOTH  JJISl  BJIAIITYBaHHS
TPAHLIEWHOTO0 1 TMJIOUIMHHOTO TOHMXKYIHOUOTO
JpEHaxy, TOPU3OHTAIBLHOTO JIPEHaKy B OCHOBI
3eMJISIHOTO  TOJIOTHA  YW/MiJA ~ TUMYACOBUM
HAaBaHTAXCHHSM, JUII  BEPTHKAIBHOTO  Ta
TOPU30HTAIBHOIO JPEHAXy OCHOBU 3 METOIO
MIPUCKOPEHHS KOHCOJiAaii, JUIS
KalIsiporepepuBaHHsl, Uil TOPU30HTAIBHOIO 1
MIPUKPANKOBOTO JPEHAXY KOHCTPYKIIii
JOPOKHBOTO  OJATY, JJsl  IEPEXOIUIIOKYOI0
IPEHaXY TPU 3aXHCTI YKOCIB BHUIMOK, ISt
JpeHa)kxy apMOBAaHOI'O YKOCY Ta MigMIpHUX
CTIHOK, ITPHU 3aXHUCTI OETOHHOTO GYHIAMEHTY BiJ
arpecuBHOI JIii 3aCOJICHUX TPYHTOBUX BOJ [1].

[[IBUIKICTP TOTOKY, SKHU TPOXOAUTH Uepe3
MOJIOTHO, BU3HAYAETHCS TPU BUITPOOYBAHHIX HA
npunagax MT — 162 (puc. 1). OcHoBHOIO
3amauer0  BUMPOOYBaHHS €  BU3HAYCHHSA
Koedirienta ¢inbTpanii, SKUi ABISE COOOIO
MIBUIKICTh (QUTBTpaIlli BOAW MEPHEHIUKYISIPHO
0 IUIOIIMHM a00 B ILIOMIMHI ImojgoTHAa. OTxe,
koedimienT ¢umpTparii 3akmoyae B co0i JBa
TIOHSITTS:
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* Construction of retaining walls to separate
the drainage system of back filling.

Geotextile structure similar to the soil, it has
voids (pores) and particles (yarns and fiber)
but there are different between the
compressibility and the relative position of
the components. Structure of geosynthetics
are geometric ratio between fibers and pores,
which is an order of magnitude more difficult
than in soil. The size of the pores is
determined by laboratory methods.

The main task of geosynthetics used in
drainage systems is to move fluid along the
leaf tissue. As the most effective drainage is
nonwoven geosynthetics. Permeability are
equally high as a plane across the cloth and
along it.

Geosynthetics for drainage used in structural
layers of pavement, the roadbed and
underlying basis. They used for the device
trench and planar lowering drainage,
horizontal drainage in the basis of the roadbed
and/or under temporary load for vertical and
horizontal drainage foundations to accelerate
consolidation. For intercepting drainage
grooves in the protection

of slopes for drainage and reinforced slope
retaining walls while protecting the concrete
foundation of the aggressive action of saline
groundwater. [1]

The flow rate, which passes through the
canvas, is determined by tests on devices MT
- 162 (Fig. 1). The main objective of the test
is to determine the coefficient of filtration,
which is a filtration rate of water
perpendicular to the plane or in the plane of
the canvas. Thus, the filtration coefficient
concludes two concepts:

- O culvert capacity - the ability to hold water
in the material plane;



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

- BOJOMPOITYCKHA 3MaTHICTh O — 3HaTHICTH
MaTepiary MpoycKaTy BOy B TUIOIIUHI;

- BOJOIPOHUKHICTh Y — 3AaTHICTb Marepiaiy
BiJIBOJTUTH BOAY 3 ILIOLIHHH.

CaMe 11 XapaKTEepPUCTUKH JO3BOJSIOTH OIIHUTH
e(eKTUBHICTh pOOOTH JPEHAKHOI CUCTEMU [6].
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Pucynok 1 — Ilpuxman cxemu npunaaiB ajis
BHU3HAYEHHS BOJIONPOHUKHOCTI T€OCHHTETHYHUX
MarepiajiB

A- B HampsaMi,IEpHNeHIUKYIIPHOMY IO
TUTOIIMHY TI0JIOTHA, b- B TUTOMIMHI MONTOTHA.

1 - ¢inpTpamiiina kamepa 3 BHYTpIIIHIM
niametpom D (mns A) abo posxkuHOO L 1
mmpuHoto B (st B); 2 — nepdopoBanuii nuck;
3 — citka; 4 — 3pa3oK TE€OTEKCTHIHHOTO
Mmarepiany; 5 — mnepdopoBanuii mramm; 6 —
npuiag ansa nepeaadi tucky (P) Ha nmpoby; 7 —
npuia Jis mojadi BoAu; 8 — eMKICTh JUIst 300py
BOAM; 9 — pe3nHOBI npoknanku; H — 3HaueHHd
Haropy; h — piBeHb BO/IM Ha BUXO/I1 3 IPHUIIALY.

BogormpornyckHa 34aTHICTE 1 BOJONPOHUKHICTH
OI[IHIOIOTHCS MPHU PI3HUX 3HAUYCHHSX THCKY, IO
Jla€ MOXKIIMBICTh BU3HAUUTH, SIK OyJie BeCcTH cebe
TE€OCMHTETHYHUN MaTepial Ha pI3HUX TNIMOMHAX
1 Mpu pPi3HOMY HaBAaHTA)XEHHI, B KOHKPETHHUX
OydiBeNbHUX  KOHCTPYKIisAX. Y  mpoleci
BUNPOOYBaHHA  Ha  NpwiIagl  HEoOXiTHO
3a0e3neuyBatu Oe3NepepBHUN MOTIK PIAUHMU.
TakuMm YnHOM, TMOBHHEH 30epiratucsi piBeHb
BOJIM Ha BXOJI 1 BHXOAI BOAW 3 TpoOH, MpH
[[bOMY HEOOXiJHA HE3MIHHICTh MOJIOKEHHS
3pa3ka B Tpoleci  BUNpoOyBaHb.  3a
pe3yiabTaTaMu BHUNPOOYBaHHS 3a KOEQIIiEHT
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- ¥ permeability - the ability to divert water
from the material plane.

These characteristics allow evaluate the
efficiency of the drainage system. [6]

A)

hzilom

Figure 1 — Example circuit devices for
permeability of geosynthetics.

A- Perpendicular to the plane of the canvas, a
B-plane of the canvas

1 - filtration chamber with an internal
diameter D (for A) or length L and width B
(for B); 2 - perforated disc; 3 - net; 4 - like
geo-textile material; 5 - perforated punch; 6 -
a device for transferring pressure (P) in the
sample; 7 - A device filing water; 8 - capacity
to collect water;

9 - rubber gaskets; H - value of pressure; h -
the water level at the output of the device.

Culvert capacity and permeability are
measured at different values of pressure,
which makes it possible to define how to
behave geosynthetic material at different
depths and at different load, in particular
building structures. During the test instrument
must provide a continuous flow of liquid. So
the water level should be maintained at the
inlet and outlet of water samples, with the
necessary provisions immutability sample
during testing. As a result of tests on filtration
coefficient taken the arithmetic mean
calculated values (at least 5 - perpendicular to
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¢inbTpanii npuitMaeTses cepeiHe apudmernane
oOunciaeHuX 3HauYeHb (HE MeHme 5 -
NEPIEHANKYIIIPHO /0 TUIOIIMHH IOJIOTHA, HE
MeHIIe 6 - B IUIOIIMHI MOJOTHA), BU3HAYEHHUX
IpU OJTHAKOBOMY THCKY Ha rpobu [2].
EdexTuBHUMU reOCUHTETUKAMU JUTSl APEHAXKY €:
T€OTEKCTUIIbHI HeTKaH1 CKPITUICH]
MEXaHIYHUM (TOJIKOIPOOMBHUM), TEPMIYHUM Ta
KOMOiIHOBaHUM crocodamus; JpeHyooYi
reokomMno3utu. Haiounpm eQeKTHBHUMH st
IpEHaXXy € TeOKOMITO3UTH, AKi CKIAJar0ThCs 3
JIPEHYIYOTro SApa Ta FTEOTEKCTUIBLHUX (PUIBTPIB,
AKI MOXYTh BUKOHYBaTH ApPEHYBaHHS 3 OMHi€i
91 000X CTOPIH BiJl FTEOKOMIIO3UTHOTO MOJIOTHA
JlpeHaxHI TEOKOMIIO3UTH - OJWH 3 BHJIIB
TE€OCUHTETHKIB, SBISIIOTH COOOI0  TE€OCITKU
(reopemriTku), 3 OcepenKkaMH POMOOBUIHOI
dbopMH, 10 BHUTOTOBISIOTHCA 3 KOMIIO3UILII
MOJIIETHIICHY HHU3BKOTO 1 BHCOKOTO THCKY a0o
MTOJTIIPOITIJIECHOBI eKCTPYAOBaH1 rCOMATH.
['eopemriTka ab0 reoMaTH BHKOPHCTOBYIOTHCS B
SKOCTI Kapkaca, IIOKPUTOrO II0 BEpXHIH 1
HIDKHIA TUTOIMHAX  (QUIBTPOM 3 HETKAHOTO
TOJIKOMPOOUBHOTO T'€OTEKCTHIILHOTO MaTepiany.
Taka cTpykrypa 3abe3nedye BUCOKY 1 CTaOUTbHY
BOJOIMPOHUKHICT B  IUIOHIMHI  MaTepiamy.
BukopucTaHHs TE€OKOMIIO3HUTHOTO Marepiaimy
Jla€ MIMPOKI MOKJIMBOCTI 1O mid6opy QpinpTpa B
3aJIe)KHOCTI  B1I ~ KOHKPETHUX  IPYHTOBHX,
T1IpOTOTiYHUX YMOB, IIPUMHSITOrO
KOHCTPYKTHUBHOTO PIIIICHHS.
ITikaBoro € METOAMKA BUKOPHUCTaHHS
TFE€OCMHTETUYHOTO Marepiajly B IO€JHAaHHI 3
rmuHamMu. Excniepumentn Oynu mposeneHi I1.
Kennemom Ta JIx. bakmi B Ascrpami. Tax
3BaHUN «CEHJIBIY», SIKUM BKJIAJA€THCS B OCHOBY
KOHCTPYKLIi 1  TMpamioe  OJHOYACHO  SIK
KaluIsiporiepepruBaOunii map Tak i JIpeHaKHUN
MpOIIAPOK, IO 30upae 1 BIABOAUTH 3alBY
BoJjiory [7].

BucHoBku
Ha cporopnimHiii [eHb BYE€HI 3aliMalOTHCA
MUTAaHHSAM ONTHMI3AIIl PO3paXyHKY APEHaMHUX
MPOIIAPKIB 3 MPUPOJHUX MaTepialiB YM MOBHOI
iX 3aMiHM Ha TEOCHHTETHYHHH MaTepiai.
MoxHa cka3aTH, 110 T€OCUHTETHYHI MaTepiaiu
€ aJlbTEPHATHBOIO JUIS CHUIYyYUX MaTepiaiiB.
BigmoBuBIIHCH 200 CKOPOTHBIIN BUKOPUCTAHHS
MPUPOTHUX  MaTepiaiB  MOXXHA  3MCHIIUTH
3aTpaTH Tpali Ha BIAIITYBaHHS APEHAXKHOI
KOHCTPYKIIIi Tpu 3a0e3medyeHHl HeOoOX1THHUX
MMOKA3HUKIB HAMIMHOCTI Ta JOBTOBIYHOCTI.
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the plane of the canvas no less than 6 - in the
plane of the canvas) defined at the same
pressure tests [2].

Effective for geosynthetic drainage are: non-
woven geotextile mechanically fastened
(punched) by thermal and combined methods;
geocomposites draining. Most effective for
drainage geocomposites is composed of core
and draining geotextile filters that can
perform draining from one or both sides of
geocomposites canvas.

Drainage geocomposites - a type of
geosynthetics  represent  geogrid  with
diamond-shaped mesh made from
polyethylene compositions of low and high
pressure or polypropylene extruded geomats.
Geomats or geogrid used as a skeleton,
covered on the top and bottom planes
punched nonwoven filter from geotextile
material. This structure provides a stable and
high permeability in the plane of the material.
Use geocomposites material provides many
opportunities for the selection of filter
depending on the specific soil, hydrological
conditions and the adopted constructive
solutions.

An interesting technique is the use of
geosynthetics in combination with clay. J. P.
Kendel and Buckley conducted the
experiments in Australia. The so-called
"sandwich”, which is embedded in the
foundation design and works both as
capillaries interrupting layer and a drainage
layer that collects and removes excess
moisture. [7]
Conclusions

Nowadays scientists involved in the
optimization calculation drainage layers of
natural materials or their complete
replacement by geosynthetic material. We can
say that geosynthetic materials is an
alternative for bulk materials. Refusing or
reducing the use of natural materials can
reduce labor costs for the arrangement of

drainage structures while ensuring the
required parameters of reliability and
durability.

Now conducts many experimental studies
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3apa3 mpoBOUTHCS OaraTto eKCrepUMEHTaAThHIX
JOCII/DKEHb 3@  KOPAOHOM 1O  miabGopy
OIITUMAJIBHOI'O I'€COCUHTCTHKA IJI1I TUX YU IHIITNX
ymoB. HaykoBui 3 Anrmi, ®panmii Ta
HiMe4yurHu B CBOIX mparsx OMHUCYIOTh JaHi, sKi
Oynu OTpUMaHi €KCIIEPUMEHTAJIbHUM LUIIXOM 1
ACMOHCTPYIOTh nepeparu BUKOPUCTAHHA
T€OCUHTETHYHUX MarepiaiiB nepen
JMCTIEPCHUMH MaTepiagaMu
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YIK 691.327.32
MimyTin A.B. 1-p TexH. Hayk, KpoBsikoB C.O. x-T TexH. Hayk, [lonrTopanasios A.O.

3ACTOCYBAHHA ITIOPUCTUX 3AIIOBHIOBAYIB Y BETOHAX
JJIAA TPAHCIIOPTHHX CIIOPY [

AnoTtanisi. [JocmimkeHi 6ETOHHM I TPAHCIIOPTHUX CIIOPYJ 3 3aCTOCYBAaHHSM IEOSHIO 31 MIUTBHUX
BamHAKIB 1 kepam3uty. llopiBHAHO BmacTHBOCTI OeToHIB 1 (iOPOOETOHIB HAa BAMHIKOBOMY i
rpa”iTHoMy 1meOeHi. JlocmimKeHo BJIaCTUBOCTI OETOHIB, MOIU(]IKOBAaHUX CyIepIuiacTU(dIKaTOpOM
C-3 1 wmikpokpeMHe3eMoM. [IpoBeeHO TOpPIBHSHHS BJIACTUBOCTEH OETOHIB, BHTOTOBICHHX 3a
TPAAUIIIHHOIO TEXHOJOTIEID Ta 3 TOMEPEIHBOI0 OOpPOOKOI TMOPUCTOrO IMIEOCHI0 IEMEHTHOI
cycnensi€ro. BcTaHoBneHo, 1m0 HAWOUIBIIY MIOHICTP MalOTh OETOHM TPH  KUIBKOCTI
MiKpoKpemMHe3eMy Onu3bko 30 kr/MC i nob6asku C-3 Big 0.8 mo 0.9%. Ilomepemns oOGpoOka
MOPUCTOTO MEOCHIO ITiIBUIITYE MIITHICTh OCTOHY MPU CTUCKY B cepenHbomy Ha 5 MI]a.

O06’exT gociKeHHS — OETOHU Ha MOPUCTUX 3aTIOBHIOBAYAX JJISl TPAHCIIOPTHUX CIIOPY/I.

MeTta poOOTH — MiJBUIICHHS MEXaHIYHMX BIACTHBOCTEH OCTOHIB JUIsl TPAHCIOPTHHX CHOPYJI Ha
mie0eHi 31 MUTPHUX BAMHSKIB 1 KEPAM3UTI 32 paXyHOK 3aCTOCYBaHHS MOJIU(IKATOPIB 1 MOMEPEIHBOT
00pOOKH TOPUCTOTO 3aIMIOBHIOBAYA.

Metoau  NOCHiDKEHHST —  IUIAaHYBaHHS  €KCICPUMEHTY, CKCIIEPHUMEHTAIbHO-CTAaTHCTUYHE
MOJICTTIOBAHHSI, CTAHIAPTHI METOIMKH BU3HAYCHHS BIIACTHBOCTEH OCTOHY.

KirouoBi cioBa: xapOoHaTHMi 111e0iHb, KepaM3HUT, IonepeaHs oOpoOka 3amoBHIOBaua,
MIKpOKpPEMHE3eM, cynepruiacTudikaTop, TPaHCTIOPTHI CIIOPY/IH.

UDC 691.327.32
Mishutin A.V., Doctor of science, Kroviakov S.O., PhD., Poltorapaviov A.O.

THE USE OF POROUS FILLERS IN CONCRETE
FOR TRANSPORT STRUCTURES

Abstract. Concretes for transport structures were investigated. Rubble from a dense limestone and
expanded clay aggregate was used for the concrete. Comparison of the properties concrete and fiber-
reinforced concrete with limestone and granite rubble was conducted. Concretes were modified
superplasticizer S-3 and silica fume. It was comparing the properties of concrete prepared by
different technologies. One batch of concrete was made by traditional technology, the other batch
was made with pretreatment of the cement slurry of porous rubble. It has been found that concretes
have the greatest strength when the content of silica fume about 30 kg/m® and superplasticizer S-3
from 0.8 to 0.9%. Pretreatment porous rubble increases the compressive strength of concrete
average on 5 MPa.

The object of study — concrete on porous fillers for transport structures.

Purpose — improving the mechanical properties of concrete for transport structures in the rubble of
dense limestone and expanded clay aggregate through the use of modifiers and pretreatment of the
porous filler.

Research methods — design of experiment, experimental-statistical modeling, the standard methods
of determining the concrete properties.

Keywords: carbonate gravel, expanded clay aggregate, pretreatment of aggregate, silica fume,
superplasticizer, transport structures.
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YK 691.327.32
MumytuH A.B. 1-p TexH. Hayk, KpoBsikoB C.A. k-T TexH. Hayk, [loaTopanasiioB A.A.

MPUMEHEHUE IOPUCTBIX 3AITIOJTHUTEJIEHA B BETOHAX
JJIAA TPAHCIHOPTHBIX COOPYXEHUU

AHHoTanus. VccrienoBanbl OETOHBI 17151 TPAHCIIOPTHBIX COOPYKEHUH ¢ UCIOIB30BaHUEM IIEOHS U3
IUTOTHBIX M3BECTHSKOB U Kepam3uTa. IIpoBeneHo cpaBHeHHE CBOMCTB 0eTOHOB U (hruOpoOeTOHOB Ha
U3BECTHSIKOBOM W TpaHUTHOM ImieOHe. VccrnemoBaHbl cBoOWCTBa OETOHOB, MOAM(PHUIIMPOBAHHBIX
cyneprutactupukatopom C-3 u MHKpokpemHe3eMoM. IIpoBeneHo cpaBHEHHE CBOWCTB OETOHOB,
W3TOTOBJICHHBIX IO TPAJUIMOHHON TEXHOJOTUU M C MPEABAPUTENBHON OO0pabOTKOM MOPUCTOrO
meOHs [IEeMEHTHON CYCICH3UeH. Y CTaHOBJIEHO, YTO HAMOOJBIIYIO MPOYHOCTh UMEIOT OCTOHBI MPH
KOJIMYECTBE MUKpPOKpeMHe3ema 0kojo 30 kr/M° u noGasku C-3 ot 0.8 10 0.9%. [IpenBapurenbHas
00paboTKa MOPUCTOTO MICOHS MOBBIIIACT MPOYHOCTh OSTOHA TIPU CKATHU B cpeaHeM Ha 5 MIla.
OOBbeKT uccienoBaHus — OETOH Ha MOPHUCTHIX 3aMOJHUTENSIX U TPAHCIIOPTHBIX COOPYKEHHIH.

Ilenb pabOThl — MOBBIILIEHNE MEXAHUYECKUX CBOMCTB OETOHOB /JIsi TPAHCIOPTHBIX COOPYKEHUN Ha
meOHe U3 IUIOTHBIX M3BECTHSKOB W KepamM3uTe 3a CUeT MpPUMEHEHUs MOIu(pUKATOpOB U

IIpeIBAPUTENILHON 00padOTKH MOPUCTOTO 3aIOTHUTELS.

Meroasl uccnenoBaHHS — IUIAHUPOBAHUE OSKCIEPUMEHTA, AIKCIIEPUMEHTAIbHO-CTATUCTUYECKOE
MOJICIIMPOBaHNE, CTAHJAPTHBIC METOIMKHU OIIPEICIICHUS] CBOMCTB OETOHA.

KonioueBbie ciioBa: kapOOHATHBIN 1e0CHb, KEPAM3HT, MPEIBapUTEIbHAS 00padOTKa 3arOIHUTES,
MHUKPOKPEMHE3EM, CYNepIUIaCTU(PUKATOP, TPAHCTIOPTHBIE COOPYKEHHS.

IMocTanoBKa npodieMu
JUis  KOHCTPYKLIH  TPaHCIOPTHUX  CHOPYI,
30KpeMa BOJIOMPOITYCKHHUX, CbOTOJIHI HalyacTiIIe
BUKOPHUCTOBYETHCSI OETOH Ha IpaHITHOMY IeOeHi.
[Ipore B miBAEHHMX 1 JESKHUX IHIIMX pErioHax
VkpaiHu  e(eKTHBHIIIMM  MOXHa  BBaXaTH
3aCTOCYBaHHS OETOHIB Ha MICLIEBUX NPUPOAHIX 1
HITYYHUX MOPHCTUX 3amoBHIOBauax. Hampuxman,
B Opnechbkiil o0nacTi BUPOOJISETHCS KEpaM3HUTH 1
0araTo MOKJa/aiB BalHAKIB, CEPE SIKUX € 1 IOCUTh
mibHl.  Takl  3amoBHIOBaul  MOXYTh  OyTH
3aCTOCOBaHI Yy TPAHCIOPTHOMY OyIiBHUITBI.
beronn w©Ha BamHAKOBOMY IMIeO€HI  MarTh
MOPIBHAHO HM3bKY BapTICTh MpPU JIOCTATHIH
KOHCTPYKIIIHHIKN MinHOCTI. Bigomo, mo OeTtoHu

Ha KapOOHATHUX 3all0OBHIOBAYax abo
KepaM3UTOOCTOHH  MarOTh  JOCHTh  BHCOKY
MIIHICTh ~ MOPIBHSHO 3  MIIHICTIO  BIacHE

3anoBHIOBaYa. [lO3WTMBHMI BIIMB NOPUCTUX
3allOBHIOBAYiB YaCTilllEé BCHOTO IOSICHIOETHCS
mpolecaMu caMoBaKyyMyBaHHSI ioro 3epeH [1].
BoHu BiJirparoTb posib CBOEPIIHHUX «HACOCIBY,
K1 3a0UparoTh BOAY 3 IIEMEHTHOTO TiCTa, B
pe3yabTaTi 4oro po3YMHHA CKJIaZoBa OETOHY
yuIuibHIOEThCA.  [lpu  momanbsiomy  TBEpAiHHI
BOJIOTA, 110 aKyMyJIbOBaHa 3epHaMu
3arMoBHIOBAYa, 3HOBY BIJITAETHCS 3 3alIOBHIOBAYA 1
MOKpAIIlye TMpoLec TiapaTarii eMeHTy. 3aBIsKu
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Formulation of the problem
Concrete on a granite gravel used for
construction of transport structures (for
example, culverts pipes) more often.
However, the use of concrete on the local
natural and artificial porous aggregates
effectively in the south and other Ukraine
regions. In the Odessa region is made
expanded clay and limestone deposits there.
There is also a dense limestone in the
region. Expanded clay and limestone may be
used in transport engineering. Concrete on
limestone rubble has a relatively low cost
and sufficient strength.

It is known that the expanded clay concrete
and concrete on calcareous rubble have
strength higher than the strength of
expanded clay or limestone. The positive
effect of porous fillers often explains the
process of self-vacuuming [1]. They perform
the function of "pumps" that take water from
the cement paste. As a result of the porous
filler is compacted cement paste. Moisture
that has been accumulated filler grains,
again given in the cement paste later. This
moisture from the filler improves the cement
hydration process. The concrete on the
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CaMOBAaKyyMyBaHHIO O€TOH Ha TMOPUCTOMY
3aloOBHIOBAYl B TMOPIBHAHHI B OETOHOM Ha
rpa”HiTHOMY IeOeHi TaKoXXK MEHII CXMJIbHHUU 10
CeAMMEHTAIlIMHUX TIporeciB. 3a gaHuMu [2]
CaMOBaKyyMYyBaHHSI TaKOX IMiJBUIIYE XIMIUHY
CTIHKICTP ~ OCTOHIB, 3aBAJKH  4YOMY  JUIS
KOHCTPYKILIN, WiAJaHUX arpecMBHOIO BIUIMBY,
PEKOMEHIYEThCSI 3aCTOCOBYBAaTH 3allOBHIOBaul 3
BEIIMKMM  KaIliJIIPHUM  BOJONOTIMHAHHIM. Y
po6oti [3] mpu BUKOPUCTAHHI HU3BKOMIITHHX
BaITHAKIB 1 BUTpaTi ieMenty Big 250 mo 450 Kkr/m®
Oynu OoTpuMaHi OETOHU 3 MIIHICTIO TIPH CTHCKY
25-45 MIlIa ipu Bogocritikocti 0.98-1.0.

CporonmHi QakTHYyHO Maike Bech OETOH €
MoaudiKoBaHUM B Tik abo iHmIKA crmocio. Y

TPaHCIIOPTHOMY OyAiBHHUIITBI LIUPOKO
BUKOPHUCTOBYIOTBCS ¢$i6pobeToHw, TOMY
JOCITI IKSHHS e(eKTHUBHOCTI BBEJICHHS

HHCHepCHOi apMarypu y 0eToH Ha BAITHAAKOBOMY
HAaIOBHIOBaY1 € AKTyaJIbHUM.

Takox BeNbMH TEPCIEKTHBHUM HANPSIMKOM Yy
TEXHOJIOTii KOMIIO3UTIB HA OCHOBI LIEMEHTY €
3aCTOCYBaHHSA  MIKPOKpPEMHE3eMy B  SIKOCTI
aKTUBHOI MiHepanbHOi n00aBku [4]. ILlei
MoOU(]IKaTOp MOKpaIlye CTPYKTYpPY 3a pPaxyHOK
XIMI4HO{ aKTUBHOCTI 1 eexTy
«MIKpDOHAIIOBHIOBaYa», CHpHUSA€  YIIUILHEHHIO,
3MEHIIEHHIO KIJBKOCTI MikpoaedekTiB 1 Beae 10
MIJBUIIEHHS MIIHOCTI, 3HM)KEHHS IPOHUKHOCTI
Ta 3017bIIEHHS JOBroBiYHOCTI OetoHy. IIpote
3aCTOCYBaHHS MIKpOKpEMHE3EeMY BUMArae
migsuiienns B/Il  cywmim, dYepes mio #oro
epEeKTHBHE 3aCTOCYBaHHS MOJIMBO JIAIIE B
KOMILIeKCl 3 cymnepmiactudikaropom [5]. Tobto
aKTyaJIbHOO € 3amaya TOCIIIHKEHHS
MO (IKOBaHUX MIKPOKPEMHE3EMOM i
cymnepriacTu(ikaTropoM OETOHIB Ha BAITHIKOBOMY
meOeHi.
MeToanka a10c/IiIKeHb

VY momepemHiX MOCHTIKEHHSX 3aCTOCOBYBABCS
KepaM3HuTOBHil rpaBiii OecbKOro KepaM3uTOBOTO
3aBoay ¢pakiii 5-10 MM 3 HACHITHOIO NIUIBHICTIO
rpaBiro 655 kr/mS. Y MaHUX JOCIIIKEHHIX
3aCTOCOBYBABCS BaITHAKOBHI meO1Hb
Benukononuncekoro kap’epy (Onecbka 001acTh)
¢dpakmii 5-20 MM 3 HacumHOMO MmIIBHICTIO 1200
Kr/M°, KBapuoBMH micok 3 Mkp=2.6 Ta
noptaanaiemeHT  M400. Insg  mopiBHSHHS
BJIACTUBOCTEHl OETOHIB Ha BalHIKOBOMY Ta
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porous filler is less prone to sedimentation
than concrete to granite rubble. This is due
to self-vacuuming too. According to [2],
self-vacuuming also increases the chemical
resistance of concrete. For this reason, in an
aggressive environment for constructions
concrete recommended fillers with large
capillary water absorption. In [3] concretes
have been obtained with compressive
strength of 25 to 45 MPa at a water
resistance of 0.98-1.0. Used in this study is
not strong limestone and the amount of
cement was from 250 to 450 kg/m®.

Almost all concrete is modified in different
ways in our time. Fibre-concretes are also
widely wused in transport construction.
Therefore, there is an important study of the
effectiveness of using dispersed
reinforcement in the concrete on the
limestone rubble

It is known that silica fume is active mineral
additives. This additive has promising for
composites based on cement [4]. This
modifier improves the structure due to
chemical activity and the effect of "micro
filler.” Also silica fume compacts the
concrete structure, reduces the number of
micro-defects, increases strength and
reduces water permeability, increase the
durability of concrete. However, the use of
silica fume requires increasing the W/C ratio
in the mixture. Because of this, silica fume
used effectively with the superplasticizer
only [5]. Thus, the current research is the
task of the modified silica fume and
superplasticizer concrete with limestone
rubble.

Research methodology

Expanded clay gravel Odessa plant of
expanded clay used in previous studies.
Gravel size was 5.10 mm and an average
density of 655 kg/m°. In these studies used
limestone gravel quarry Velikodolinskoe
(Odessa region). Crushed stone has a size of
5-20 mm and an average density of 1200
kg/m®. Also used silica sand with gradation
factor 2.6 and Portland cement MA400.
Properties of concrete with limestone and
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rpaHiTHOMY IIeOCHI mepiua cepis eKCIepUMEHTIB
NPOBOAMJIMCSA Ha JBOX AHAJOTIYHUX HapTisix
OeTOHIB 3 pIBHOIO TIO 00cATY KUIBKICTIO
BaITHSIKOBOT'O 200 TPAaHITHOTO MIEOEHIO.

Y mepuriii cepii mpoBoauBcs 2-X (aKTOpHUU
EKCIIEPUMEHT 3a 9-TH TOYKOBUM ONTUMAIbHUM
mIaHoM [6], y SKOMYy BapilOBaJIKCs HACTYITHI
dakropu ckiangy OeToHY:

X1 — KUTbKIiCTh IOpTaanaemMenTy, Big 300 xo 500
KI‘/M3;

Xy — KUIBKICTH TIominponiaeHoBoi ¢Gidopu Baucon
(miameTp BosoKOH 18.7 MkM, noBxkuHa — 12 MMm),
Bix 0 no 1 Kr/nm.

Bei pocmimkeni 'y maniid cepii cymimi  Oymim
wiactudikoBani cymnepruiactugikaropom C-3 B
kimpkocTi 0.8% Bixm Macu LEMEHTY 1 Manu piBHY
pyxmuBictb OK = 2 + 0.5 cm, mo gocsranocs
migbopoM KIIBKOCTI BoaM 1 3abe3medyBaiio
KOPEKTHICTh TOPIBHSIHHSI.

Y npyrii cepii AOCTIIKEHb MPOBOIUBCS IHIIUI
2-X (pakTOpHUI E€KCIEepUMEHT 3a 9-TH TOUYKOBHM

mwiaHoM.  BapitoBamucs  HacTynHi  (hakTOpH
CKIIaJy:
X1 — KIUIBKICTh MIKpOKpemMHe3eMy, Bix 0 1o
40 Kr/M3;

X2 — KuUIbKICTH cymnepruiactugikaropy C-3, Big
0.5 o 1.0% Bix Macu 1IeMeHTY.

Jlnst BCiX CKJIAAIB KUIBKICTh TMOPTJIAHIIEMEHTY
cranosuma 450 xr/m°. Bei CyMIlll MajHu piBHY
pyxomocti OK=6..8 cm.

Y nmpyriii cepii TakoX BHMKOHYBAJOCS [IBI
napajellbHUX TMapTii, OOHJBI Ha BAaITHAKOBOMY
meleHi, NpoTe 3a PI3HUMHU  TEXHOJOTISIMHU
3MIIIyBaHHS  cyMmimn. Y mepmiid  mapril
(KOHTpPOJIbHIN) 3MILIYBaHHS TPOXOJOAMIOCA 3a
TPAIUIIIfHOIO ~ TEXHOJIOTIEI0 3 TOCHiJOBHUM
3aBaHTQXEHHSIM y  3MilllyBad  BAITHIKOBOTO
meOeHIo, SIKMM MpH 3MIIIyBaHHI 3BOJIOYKYBABCS
BOI0I0 B 00c:31 10% Bif 3arajgbHOI KIIBKOCTI BOIN
y  CKJIaji, Jam  3aBaHTaXyBaBCi  IICOK,
MTOPTJIaH/ILIEMEHT, MIKPOKpEMHE3EM (mpu
HeoOXiaHOCTI) ¥ Boja 3 100aBkoro C-3. 3aranbHuid
Yac MPUTOTYBAHHSI CYMIIIIl CKJIaaB 4-5 XBHWJIMH.

Jlnst npyrid mapTii 3MillyBaHHS MPOBOAMIOCS 3
MOTIEPETHHOIO 00poOKor0 MTOPHUCTOTO
BaITHAKOBOI'O MIEOCHIO IIEMEHTHOIO CYCIEH3IEIO.
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granite rubble compared to the first series of
experiments. Studies have been conducted
on two batches of similar concrete with
equal volume of crushed stone: limestone or
granite.

2 factorial experiments were conducted in
the first series with accordance of 9-a point
the optimal plan [6]. In the experiment
varied following concrete composition
factors:

X1 — the amount of Portland cement, from
300 to 500 kg/m®;

X, — the amount of polypropylene fibers
Baucon (fiber diameter is 18.7 microns,
length is 12 mm), from 0 to 1 kg/m°.

All investigated in this series mixture
contained superplasticizer S-3 0.8% by
weight of cement. Also, all mixture had the
same mobility 2 £ 0.5 cm. This is achieved
by selecting the amount of water in the
mixture and provided a comparison between
the concrete.

Another 2 factorial experiment was
conducted in the second series with
accordance of 9-a point the optimal plan to.
Such concrete composition factors varied:
X1 — the amount of silica fume, from 0 to
40 kg/m®;

X, — the amount of superplasticizer S-3,
from 0.5 to 1.0% by weight of cement.

For all compositions the amount of Portland
cement was 450 kg/m®. All blends have
equal mobility 6..8 cm.

In the second series also produced two
parallel batch of concrete. Both parties were
made on limestone rubble, however,
different blending technology has been used.
The first batch (control) the mixing
produced by traditional technology. At first
charged to the mixer limestone gravel,
which is then saturated with water in the
amount of 10% of the total amount of water
in the concrete. Further, the mixer was
charged with sand, Portland cement, silica
fume (if necessary), and water with addition
S-3. The total time of mixing is 4-5 minutes.
For the second batch mixing was carried out
with pre-treatment of porous limestone
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OOpoOka TPOBOAMIIOCS 3 METOK IMOKPAIICHHS
BJIACTUBOCTEH OCTOHY 3aBASKH  3MilHCHHIO
KOHTAaKTHOI ~30HM  KpPYIHOI'O  3allOBHIOBAua.
[TocnmimoBHICTE 3MilIyBaHHA Oyja TakKow: Yy
3MilllyBay IojaBaiacs Bcs Boja 3 jpo6aBkoro C-3

u 3 30% Bl  HEOOXIOZHOI  KUIBKOCTI
MOPTIAHAIEMEHTY Ta, TpH  HEOOXITHOCTI,
MIKPOKPEMHE3EMY. [Ticns XBHJIMHHA
nepeMillyBaHHs ~ IIEMEHTHOI  CycmeHsii y

3MilllyBay TMOJAaBaBCS BAIHSAKOBHH I€0IHb, KU
naii oOpoOISBCs JAaHOK CYCIEH3I€0 MPOTATOM 1-
i XBUJIMHU (TobTO MIPOJIOBKYBAIOCS
nepeminryBaHHs). Jlani B 3minryBadya mojaBaBcs
MICOK 1 pemTa LEMEHTYy Ta MIKPOKpEMHE3eMy.
Cymimr  mepemimryBajiacsi 10  JIOCSTHCHHS
OJTHOPITHOCTI. 3arajbHUI Yac TMepeMillyBaHHS
CKiamaB 5-6 XBWJIMH, IO JIMOIE HAa XBHWIMHY
JIOBIIIE, HI)K MPUTOTYBAaHHS CyMillll TPaguIliiHUM
cnocoobom. Ilg xBuaumHa  HeoOXigHA  JUIS
MPUTOTYBAaHHS IIEMEHTHOI CyCIIeH3ii, a moJaIbIi
oreparii MpoXoIATh MPUOIU3HO B TOMY K TEMITi,
0 1 IpHU TPAAULIIMHIA TEXHOJOT1l MPUTOTYBAHHS
0eTOHHOT cyMmiIi.

Pe3yabTaTn nociigkeHb

[IpoBeneni y momepemHix eTamax AOCHiKEHHS
BJIACTUBOCTEN KEepaM3UTOOETOHIB JUTS
KOHCTPYKLIH TPaHCIOPTHUX CIIOPYJ IOKa3aTH
BUCOKY e(eKTHBHICTh [bOTO Marepiany [7].
MoaudikoBaHi MIKpOKpPEMHE3eMOM 1 J00aBKOIO
C-3 kepaM3UTOOETOHU MaJli MILHICTb MPU CTUCKY
1o 40 Mlla, MiHICTh Ha PO3TAT MpPH 3THHI A0 7
MIla 1 BomonemponukHicte a0 WI12. IIpore
noJ1i6Hi Mmarepialii  4yepe3 JIOCUTh BHKOCY
BapTICTh KEpaM3UTy MOXXHa PEKOMEHIYBaTH
avme Juis  OOMeXeHOro Koja CHopyA, B
KOHCTPYKIIISAIX SIKUX BaXKIIUBOIO XapaKTEPHCTHKOIO
€ Bara Ta/abo TepMiuHi BiactuBocTi. Tomy B
MOJTAITBIIIOMY OYAYTh PO3TJISIAIOTHCS OCTOHM Ha
BaITHAKOBHMX 3amoBHIOBayax. Lli 3amoBHIOBaui Ha
PUHKY € JelIeBIIMMU 3a TPaHIT 1 3aBAsSKU
MICIIEeBOMY MOXOJKEHHIO 3a0e3MeuyloTh MEHII1
BUTPATH HA JOCTABKY.

VY mepmnii cepii [8] 3 yMOB eKCHEpUMEHTY
BoJOTOTpeOa CyMimiel 3anexkana Bil iX CKiany,
BinmoBiAHO Haiimenme B/I[ B o000x maprisx
MaTh CYMIlll 3 MaKCUMaJIbHOK KIJIBKICTIO
nopTiaHaueMenty i 6e3  ¢iobpu.  Ilpm
BUKOPHUCTaHHI kapOoHaTHOro 1meOeHo  B/I]
cyMimmeil Oyno Jemio BHUIIOK, MO MOSICHIOETHCS
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rubble cement slurry. Processing was carried
out to strengthen the contact zone of the
coarse fillers. This operation improves the
properties of concrete. Mixing sequence was
as follows: all loaded into the mixer with the
addition of water, S-3 and 30% of the
required amount of Portland cement, and (if
necessary) silica fume. After one minute of
mixing the cement slurry in the mixer was
charged with limestone rubble. Then gravel
treated with this suspension in the course of
one minute while mixing. Further in the
mixer was charged with sand, cement and
silica fume remainder. The mixture was
mixed to it reached the homogeneity. Total
time of the mixture was 5-6 minutes. This
time just for a one minute longer than the
time of preparation of the concrete mixture
in the traditional way. This one minute is
required for the preparation of a cement
slurry. The remaining of the mixing
operation are roughly the same pace as in
the traditional technology of concrete
preparation.

Research results

Properties of lightweight expanded clay
concrete for construction of transport
structures were studied in the early stages of
research. These studies show the high
efficiency of expanded clay concrete [7].
The modified silica fume and additive S-3
expanded clay concrete had a compressive
strength up to 40 MPa, tensile strength in
bending up to 7 MPa, and water resistance
up to W12. However, such materials
because of the high cost of expanded clay
can be recommended only for limited types
of structures. It is effective for constructs in
which weight or a thermal property is
important. Therefore, in the future will be
considered concrete on limestone
aggregates. These fillers on the market
cheaper than granite. They also provide a
lower cost of shipping because of local
origin.

For the experimental conditions in the water
demand of the first series of mixtures
depend on their composition [8].
Accordingly, the smallest W/C ratio in the
two batches were mixed with the maximum
amount of Portland cement and without
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MIOTJIMHAHHSM BOJHM 3aMOBHIOBadeM. B mimomy, 3a
paxyHOK 3actocyBaHHs gob6aBku C-3  Bci
JNOCTDKEHI  CyMillli  MaJd  JOCUTh  HHU3bKI
nokazuuku B/I (Bix 0.34 no 0.49 nis cknaais Ha
BanHsKoBoMy miebeni ta Big 0.32 mo 0.46 — Ha
TPaHITHOMY).

Cepennsi UIIBHICTE OCTOHIB Ha BaIHIKOBOM
mebeni kommBanacs Bim 2270 mo 2300 xr/m”,
AQHAJIOTIYHUX CKJIQJIB Ha TpaHITHOMY IeOeHl —
Bigx 2380 go 2400 «kr/M°. ToGro mpu
BUKOPUCTaHHI KapOOHATHOrO 3allOBHIOBaYa 3
IIUIBHUX TIOpPiJl BaIHAKY CEPeIHs IIUIBHICTh
0ETOHY HECYTTEBO BIAPIZHAETbCS BiA 00 €MHOL
Macu «TPAIMIIITHOTO» BaXKOTO OETOHYy Ha
IpaHITHOMY IICOCHI.

BcranoBiieHO, 1m0 KUTBKICTH TMOJIIPOIIJIEHOBOT
¢i0pu He BIUIMBAaE Ha MILHICTh MaTepialiiB mpu
CTHCKY. BimmoBimHo Ha puc.l moka3aHO BIUIMB
KUTBKOCTI ~ TOPTIAHANEMEHTY Ha  MIIHICTb
JOCITIJDKEHUX Y TIEPIIii cepii OETOHIB.

fck.cubc

62
601
581
561
541
521
501
48
46

44 X,
42

300 400 500
LemeHT

Pucynoxk 1 — BmomuB KigbKOCTI HOPTIAHAIEMEHTY Ha
MIIHICTE ~ OCTOHIB TPH CTHCKYy: —— CKIaJAd Ha
KapOOHaTHOMY mIeOeHi, - - - CKJIaM Ha TPaHITHOMY mieOeHi
(mepa cepii gOCIiKEHb)

Sx BuAHO 3 [giarpam, MIIHICTh TMPU CTUCKY
OeToHIB Ha KapOoHaTHOMY mieOeHi Oymna Jemnio
HIDKYOI0, HIK Ha rpaHitHoMmy. [Ipote mo Mipi
301bIIEHHS ~ KUIBKOCTI ~ LEMEHTY  PI3HHIL
3HWXKYETbCS 1 NMPH KUTbKOCTI B'spKydoro 450-500
KI/M° BOHA He nepesumye 5%. Ile moxHa
MOSICHUTH ~ Kpamiol0  poOOTOK  MOPHCTOTO
3all0OBHIOBAYa y «CKUPHUX» CyMIIIaX 3 BEJIHKOIO
KUTBKICTIO IIEMEHTY,  TaKOXX IMpHU 3pOCTaHHI
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fibers. When using a carbonate gravel W/C
ratio blends were slightly higher, it due to
the absorption of the water by filler. In
general, due to the use of the additive S-3 all
the studied mixtures had enough low levels
W/C ratio (from 0.34 to 0.49 for a
composition of limestone rubble and from
0.32 to 0.46 for a composition of crushed
granite).

The average density of concrete on
limestone rubble was from 2270 to 2300
kg/m®. The density of the compositions
similar to granite rubble was from 2380 to
2400 kg/m®. That is, when using a carbonate
filler of solid limestone rocks average
density of concrete is little different from the
density of the "traditional™ heavy concrete
on the granite rubble.

It is found that the amount of polypropylene
fibers has no effect on the compressive
strength of the concrete. Accordingly, in
Figure 1 shows the effect of the amount of
Portland cement concrete for strength, which
was study in the first series.

62 fck.cube

60
581
561
541
521
501
48
46
441 X,
42
300 400 500
Cement

Figure 1 — The impact on amount of Portland cement

to concrete compressive strength:

—— compositions on carbonate rubble,

- - - compositions on a granite rubble (the first series

of studies)

The diagram shows that the compressive
strength of concrete on carbonate rubble was
slightly lower than the concrete strength of
concrete on crushed granite. However, this
difference is reduced as the amount of
cement. When the amount of the binder of
450-500 kg/m?®, strengths difference does not
exceed 5%. Also, when the amount of binder
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KUTBKOCTI B’SKYy4Oro 3TiIHO 3 MPUHIUIAMH
mig0opy CKJIaay JCIIO 3HIKYEThCS —4YacTKa
KpPYITHOTO 3alOBHIOBaYa B CYMIIIi Ta 3pOCTa€E
PO3CYHEHHS HOro 3epeH.

[ToGynoBana 3a BIIITOBITHUMHU
E€KCIIEPUMEHTAIIbHO-CTaTUCTUYHUMU (EC)
MOJCIISIMHM Jllarpama, 0 BiJIOOpakarOTh BIUIMB
dakTopiB Ha MIIHICTP OETOHIB Ha pI3HUX
3alOBHIOBAYax Ha PO3TAT IPH 3THHI, TOKa3aHa Ha
puc.2. Ti ananiz mo3Bonse cka3aTu, MO MilHICTH
JOCII/DKEHUX OETOHIB Ha PO3TAT HECYTTEBO
3aJIe)KHUTh BiJI BUIY 3aCTOCOBAaHOTO ImeOeHro. Lle
MO’KHA ITOSCHHUTHM TiM, IO BalHAK € JOBOJI
MMOPUCTUM 3aIOBHIOBAYEM, Yepe3 IO TPOSBIISIE
edeKT «caMoBaKyymMyBaHHsS». ToOTO aaresis Mix
PO3UMHHOIO YAaCTHHOIO OETOHY 1 3allOBHIOBaueM
MTOKPaITy€eThCA, 1[0 B nepury 4yepry
BiJI0OpakaeThCs HA BEJIMUMHI MIITHOCTI HA PO3TSIT.
ITpu BBeneni 0.8-0.9 Kr/MS JIUCTIEPCHOTO BOJIOKHA
MiIHICTh OeTOHIB Ha po3Tsar 3pocrae Ha 0.4-0.9
MlIla nns ckiaaiB Ha TpaHITHOMY IIeOeHI Ta Ha
0.3-0.4 MIla s cxiagiB Ha KapOOHAaTHOMY
mebeni. binpme npozyBanHs (iOpu Bxke He
e eKTHUBHE, III0 MOSCHIOETRCS 11 BILIMBOM Ha B/I]
CyMIIIEH.

VY npyriii cepii ekcriepuMEHTY BCl CyMIIll Majiu
pyxomictb OK=6..8 cm, ToOTO iX BOJoOmoTpeda
TeX 3alexana Bil ckianxy. BcraHoBieHo, 110
TEXHOJIOTISl 3MIIlyBaHHs (TpaguiiiHa abo 3
MOTIEPETHBOIO 00poOKOIO MIOPUCTOTO
BAITHSIKOBOTO MICOCHIO CYCIIEH31€10) HE BIUIMBAE
Ha piBeHb B/I] cymimi. Ilo wmipi 3pocranHs
KUIbKOCTI  cynepruiactudikaropy B/Il  cymimni
3HWXKYeTbes. [lpu BBeneHHI B O€TOHHY CyMill
MIKpOKpEMHEe3eMy y KiuIbKocTi 10 20 kr/m° i B/IL
3MIHIOETBCSI HECYTT€BO. 3OUIbIIEHHS KITBKOCTI
MiKpokpemHe3emy 10 40 Kr/M°  BUKIIHKA€
HeoOXimHicTh miaBuIneHHS B/I] abo KiabKOCTI
no6asku C-3 aist 30epekeHHs] pyXOMOCTI CyMIIIIi.
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IS increased in accordance with the
principles of selection of the composition of
amount of coarse gravel in the mixture is
little reduced, thereby increasing the
distance between the porous gravels in
concrete.

Figure 2 shows a diagram, which reflects the
impact of factors on the strength of concrete
at various fillers tensile bending. This
diagram is based on relevant experimental-
statistics (ES) models. Its analysis makes it
possible to say that the tensile strength of the
investigated concrete insignificantly
depends on the application of rubble. This
can be explained by the fact that limestone is
a porous filler, because of which shows a
“self-vacuum” effect. That is, the adhesion
between the filler and the soluble part is
improved, which greatly affects the tensile
strength of the concrete. With the using of
0.8-0.9 kg/m® of fiber concrete tensile
strength is increased by 0.4-0.9 MPa for the
composition on granite rubble and 0.3-0.4
MPa for compositions on carbonate gravel.
But increasing the more amount of fiber is
not effective, because the influence of the
fiber on the W/C ratio in the mixtures.

In the second series of experiment were all
mixtures mobility 6..8 cm, i.e. W/C ratio of
mixtures is also dependent on the concrete
composition. It is found that blending
technology (traditional or pretreatment
calcareous gravel cement slurry) the level
W/C mixing ratio does not affect. By
increasing the amount of superplasticizer
W/C ratio of the mixture is reduced. When
injected into the concrete mix of silica fume
in amounts of up to 20 kg/m® WI/C is
changed slightly. Increasing the amount of
silica fume 40 kg/m® is the need to increase the
WI/C or increasing the amount of additive S-3
for storing the mobility of the mixture.
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Pucynok 2 — BB KiTbKOCTI MOPTIAHALIEMEHTY 1 (iOpu
Ha MILHICTh OETOHIB Ha PO3TAr NPH 3THHI: —— CKJIAAM Ha
KapOoHaTHOMY IeOeHi, - - - CKJIaIM Ha TPaHITHOMY IeOeHi

(mepima cepii TOCIiIKEeHB)

3a BignoBimaumMu EC-Monensami Oyiu modymoBaHi
JiarpaM#, 110 TIOKa3aHi Ha puc.3 1 BiIOOpaKarTh
BIUIMB KitbkocTi C-3 1 MIKpOKpeMHe3eMy Ha
MILHICTh TPU CTUCKY MOCIIPKEHHX OETOHIB Ha
BaITHAKOBOMY IIeOCHI. AHAJ3 JiarpaM IOKa3ye,
mo aig 000X mapTiii JOCHIDKEHUX OETOHIB
MakCHMajJbHy MIIHICTh MalOTh CKIaAH MpH
KIUJTBKOCTI J00aBKH C-3 0.8-0.9% 1
MIKpOKpeMHe3eMy npuoan3Ho 30 Kr/M°. 3aBJIsKH
3aCTOCYBAHHIO ONTUMAJIbHOT KUTBKOCTI
MOIU(]IKAaTOPIB MILHICTh TpPU CTUCKY OETOHIB
3poctae Ha 16-18 MIIa B mopiBHSAHHS 31 CKJIalaMU
0e3 MIKpOKpeMHe3eMy 1 3  MIHIMQJIbHOIO
KinbkicTio 106aBku C-3. ToOTO 3amponoHOBaHUit
MeToJl MoAudikalii € epeKTUBHUM JUIsi OETOHIB
Ha BalHAKOBOMY IIEOEHI.

BaxmuBuM edekToM MOXKHA BBaXaTd, IO
MIIHICTh OETOHIB Ha 00pPOOIEHOMY IEMEHTHOIO
CYCTICH31€10 BaITHAKOBOMY IeOeHi Oyna Ha 4-5
MIla Buma 3a MIIHICTP KOHTPOJBHHUX OETOHIB
aHaJIOTIYHUX CKJaaiB. ToOTO 3a paxyHOK 3MiHH
TEXHOJIOT1i MPUTOTYBaHHS OETOHY Ha MOPUCTOMY
3alOBHIOBaul BIAYYTHO 301IbIIYETHCS MIIHICTD
Mmatepiany. Llel edekt mosicHIOeTbCs 3MIITHEHHSIM
MOBEPXHEBOTO IApy KPYITHOTO 3allOBHIOBAadYa Ta
mepexigHoi  30HM MK  3alOBHIOBaYeM i
PO3YMHHOIO YaCTUHOIO OETOHY.

VY npyriii cepiii Takox aHaji3yBajiacsi MIIHICTb
OETOHIB Ha PO3TAr MpH 3TUHI. BcTaHoBieHo, 110
BEIMYMHA I[IHOTO IOKAa3HHKA HE 3aJeKUTh Bif
TEXHOJIOTI] MPUTOTYBaHHS OeToHHOI cymimm. Ile
MOYKHA MOSCHUTH THM, 110 MIIHICTD
3aMoOBHIOBaYa B MEHINIM Mipi BIUIMBaE Ha
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Figure 2 — The impact on amount of Portland cement

to concrete tensile bending strength:

—— compositions on carbonate rubble,

- - - compositions on a granite rubble (the first series

of studies)

Figure 3 shows diagrams that were built
under the relevant ES-model. These
diagrams reflect the influence of the amount
of P-3 and silica fume on compressive
strength of concrete on limestone rubble.
Diagram analysis shows that the maximum
strength of the concrete are at the amount of
the additive S-3 0.8-0.9% and silica fume
about 30 kg/m® (for both parties). Use
optimum amount of modifiers increases the
compressive strength of concrete at 16-18
MPa compared to compositions without
silica fume and with the minimum amount
of additive S-3. That is, these modifiers is
effective for concrete on limestone rubble.
The strength of the concrete on pre-treated
by cement slurry limestone rubble at 4-5
MPa higher, than the strength of control
concrete of similar composition. This is a
very important technical effect. That is the
strength of concrete with porous fillers
increased due to the change of its production
technology. This effect is due to the
strengthening of the surface layer of coarse
filler and the transition zone between filler
and cement paste in concrete.

The tensile strength of concrete in bending
investigated in the second series of
experiments as well. It is found that the
value of the tensile strength is independent
of the technology of preparation of a
concrete mix. This can be explained by the
fact that the filler strength has little effect on
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3IaTHICTh KOMIIO3UTY MPOTUAISTH PO3TATYIOUHM
HABaHTAKCHHSM, HK HABAHTAXKCHHSIM CTHCKY.

a) Xop C-3(%)
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\ 0
X
0.5 { =
0 MiKpOerMHe;gw)l (kr/m3)
5)1%)2/\ C-3(%)

075 ‘SOMQJ
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0 \/
0.5 4\5\ X1
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MikpokpemHesem (Kr/m3)
Pucynox 3 — BrumB KUIBKOCTI MIKpOKpeMHe3eMy i
nobaBkn C-3 Ha MIHICTD NPH CTUCKY JOCIIJDKEHHX

OeToHIB  Ha iebeHi cepii
JIOCITIJI)KCHB )
a) MPUTOTOBAHUX 32 TPAAHUIIHHOIO TEXHOJIOTIE0,

0) Ha 0OpOOIICHOMY IIEMEHTHOIO CYCIICH3I€10 MeOeHi

BaIHAKOBOMY (mpyra

Ha puc.4 noka3zana niarpama y BUTJISII KBajpary,
ska moOynoBaHa mo BiamoBigHi EC-momem Tta
BijoOpaxkae BIUIMB CKjJaxy OeToHy (Uit 000X
napTiif Ipyroi cepiil) Ha BEIMYUHY HOTO MILIHOCTI
Ha PO3TAT NpPHU 3TUHI. AHaJ3 JiarpaMu MOKasye,
0 BapiioBaHI y eKCIepuMeHTI (akTopu Ha
BEIMYHNHY fok OKA3ylOTh MEHIIMH BIUIMB, HIX Ha
BEJIMYMHY MIIHOCTI MpPU CTHCKY. 3a pPaxyHOK
BBEJICHHS MIKPOKPEMHE3eMY MIIHICTh Ha PO3TAT
301mbHIyeThest Ha 0.2-0.6 MIla, npu yomy o mipi
30UIBIIEHHS KIIbKOCTI 100OaBku C-3 BIUIUB LIBOTO
dakTopy 3MeHmyetrbes. llpw  migBHIEHHS
KiTbKOCTI cynepmiactudikaropy 3 0.5 mo 1%
BEJINYNHA etk OCIIIKEHNX O€eTOHIB
30impHIyeThest pubau3Ho Ha 1 MIla qnis cknanis
0e3 MikpokpemHezemy 1 nmpubiau3Ho Ha 1.5 MIla
st ckiagie - 3 BMmictoM  30-40 Kkr/m®
MiKpokpeMHe3eMy. To0To mocmimkeHi 0eToHH Ha
BaITHAKOBOMY IIeO€HI XapaKTepU3yIOThCS JOCUTh

153

the ability of the composite to withstand
tensile loads.
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Figure 3 — The impact on amount of silica fume and
additives S-3 to compressive strength of concrete on
limestone rubble (second series of studies):
a) prepared by traditional technology,
b) pre-treated cement slurry rubble

Figure 4 shows a diagram which illustrates
the effect of the composition of the concrete
tensile strength in bending (for both parties
of the second series). This diagram
constructed in a square form for the relevant
ES-model. Analysis of the diagram shows
that the factors, for varying, the tensile
strength of the concrete has less effect than
the compressive strength. By introducing
silica fume tensile strength increases by 0.2-
0.6 MPa, but as the amount additives S-3 the
influence of this factor diminishes. The
tensile strength of concrete is increased by
about 1 MPa with increasing the amount of
superplasticizer by 05 to 1% for
compositions without silica fume and about
1.5 MPa for compositions containing 30-40
kg / m3 silica fume.

That is concrete on a dense limestone rubble
have high tensile strength. This allows us to
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BUCOKMM DIBHSAM MIITHOCTI Ha pO3TAT, IO
J03BOJISIE BBa)KAaTH ix MEePCIEKTUBHUM
MaTepiaJioM I KOHCTPYKIIH TPaHCIOPTHUX
cnopya. Hocmimkeni wmomudikoBaHi  OETOHH
TakoX  MAalTh  JIOCUTh  BUCOKHUH  pIBEHBb
MOPO30CTIMKOCTI Ta BOJOHEIPOHUKHOCTI [8], 1m0
3a0e3rneuye X TOBrOBIYHICTb.

Xo ) C-3(%)
1.0

8.0—]

T 7.5MIIa

0.75

70

6. X1
0.5 65 T =
0

MiKpOerMl—le3e?l(Rl"/M3)
Pucynox 4 — BrumB KUIBKOCTI MIKpOKpeMHe3eMy i
nobaBkn C-3 Ha MINHICTD Ha pO3TAr MNpPH  3THUHI
JIOCIIZPKEHNX OETOHIB Ha BaITHAKOBOMY IieOeHi (apyra cepil
JIOCITIJ[)KCHB ).

BucnoBku

MexaHiuH1 BIACTUBOCTI MOAM(PIKOBaHUX OETOHIB
Ha OOpoOJEHOMY MiICLIEBOMY  BaIlHSIKOBOMY
meOeHl JO3BOJIAIOTh PEKOMEHAYBAaTH 1X  JUIS
KOHCTPYKLIN psTy TPaHCHOPTHUX CIIOPY/I.
Mingicte O€TOHIB Ha INUIBHUX  BamHIKax
HECYTT€EBO BiIPI3HAETHCA BiJl MIIIHOCTI OETOHIB Ha
rpaHiTHOMY mieOeHi. Haiibinpury MIIHICTH HpH
CTUCKY  MaioThb  O€TOHM  TpU  KUIBKOCTI
MiKpOKpeMHe3eMy 6mm3bko 30 kr/m® i moGaBkn C-
3 Big 0.8 1o 0.9%. 3a paxyHok Monudikauii Ta
aucriepcHoro  apmyBanHs Ha 1-1.5 Mlla
MiABUILYETHCS MIIHICTh Ha PO3TAT NPH 3THUHI
O0eToHIB Ha BamHsAKoBoMYy miebeHi. llomepenHs
o0poOka  MOpHCTOro  MIEOCHI0  [IEMEHTHOIO
CYCTICH31€10  JO03BOJISIE  TIABUIIUTH  MIIHICTh
O0eToHy IpH CTHUCKY B cepeaHbomy Ha 5 Mlla,
TOOTO TmomepenHss o00poOka € ePEeKTUBHUM
TEXHOJIOTITYHUM HPUHOMOM IMiJBUILEHHS SIKOCTI
OETOHIB Ha MOPHUCTUX 3aIIOBHIOBAYaX.
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consider them a promising material for the
construction of transport structures. The
modified concrete on limestone rubble also
have high levels of frost resistance and
water resistance [8], which ensures their
durability

XoA S-3(%)
1.0

8.0—]

| T——_75MPa

0.75

70

65 X
0

0.5

0 40

Silica fume (kg/m?3)
Figure 4 — The impact on amount of silica fume and
additives S-3 to tensile bending strength of concrete
on limestone rubble (second series of studies).

Conclusions
The modified concrete on pre-treated by
cement slurry local limestone rubble has
high mechanical properties. It is possible to
recommend such concrete for some
transport structures.
The strength of concrete on solid limestone
does not differ from the strength of concrete
on granite rubble. The highest compressive
strength of concretes have composite in an
amount of silica fume about 30 kg/m® and
additives S-3 from 0.8 to 0.9%. Tensile
strength in bending of concrete on limestone
rubble increases by 1-1.5 MPa due to the
modification and reinforcement fibers.
Pretreatment cement slurry of porous
concrete  rubble can increase the
compressive strength in average of 5 MPa.
Thus, pre-treatment of the porous fillers is
an effective technological methods of
increasing the quality of concrete.
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YK 625.7/.8
Mycienko I.B., k-T TeXH. HayK
PO3PAXYHOK HEXOPCTKHUX JOPOXHIX OJSATI'IB Y ITPOI'PAMI UKRRDO 16

AHoOTaUig. Y CTarTi pO3MISIHYTO MpOrpamy s aBTOMAaTH30BAHOTO PO3PAXYHKY HEKOPCTKUX
nopoxHix oxsariB YKPPJIO 16. PosrisinyTo iHTepdelic mporpaMu, KOMIIOHOBKA BUXITHUX JTaHUX
Ta pe3yJbTaTiB pO3paxyHKiB. Po3paXxyHKH BeIyTbCs 3a TphOMa KPHUTEPIsIMH MIITHOCTI: 3a
JTOMYCTUMHM TPY)XKHIM TPOTHHOM, 32 YMOBOIO 3CYBOCTIMKOCTI 3€MJITHOTO TIOJIOTHA Ta IIapiB 3
MaJIO3B’SI3HUX MaTtepiajiiB, M0 MIITHOCTI Ha po3TAr mpu 3ruHi. Y Bepcito 2016 poky mobaBineHa
MOJKJIMBICTh aBTOMAaTH30BAaHOTO PO3PAaxXyHKYy Ha po3paxyHKoBe HaBaHTakeHHs 130 kH mis
NpUOIM3HOT OIIHKH, a TAKOX (YHKIIII0 popMyBaHH 3BiTY 1o po3paxynkam y MS Office Excel.
OO0’ €KT OCIIKEHHS — aBTOMATHU3allisl PO3PaXyYHKY JOPOXKHBOTO OJSTY HEXKOPCTKOTO THUITY.

Meta po0oTH — alTOpUTMIi3allis Ta MPOrpaMyBaHHS yChOTO IIMKIIY MPOEKTYBAaHHS JOPOKHBOTO
OJISITY HEXOPCTKOT'O THITY 32 YKPaiHChbKUMU HOPMATHBAMH.

MeTtoau AOCHTIKEHHS — METOAU 00’ €KTHO-OPi€EHTOBAHOTO MIPOTPaMyBaHHS.

Karw4oBi cjoBa: aBTOMaTH30BaHHMN PO3PaXyHOK, HEKOPCTKHH JOPOXKHINA oxsr, iHTepderic
Mporpa-Mu, PO3pPaxyHOK JOPOXHBOTO OJSTY, IPYHT 3EMJITHOTO IOJOTHA, BiAOMYi OyHiBENBHI
HOPMH, PO3pa-XyHKOBE HaBaHTAKCHHSI.

UDC 625.7/.8
Musiienko 1.V., Cand. Eng. Sci. (Ph.D.)
THE NON-RIGID PAVEMENT CALCULATION IN YKPPIO 16

Abstract. In the article the program for the automated calculation of non-rigid pavements
UKRRDO 16 has been reviewed. Interface, layout data and the results of calculations have been
considered. Calculations have been performed for three strength criteria: permissible elastic
deflection, shear strength of subsoil and monolithic layers resistance of tensile bending. In the
2016 version two functions have been added: the possibility of 130 kN load calculation for
approximate estimate and calculations report in MS Office Excel.

The object of study - automated calculation of non-rigid pavements.

Purpose — to create algorithms and programs for calculation of non-rigid pavements by Ukrainian
standards.

Research methods - methods of object-oriented programming.

Keywords: computer-aided calculation, non-rigid pavement, interface panel, non-rigid pavement
calculation, soil subgrade, Departmental building codes, the calculated load.

YK 625.7/.8
Mycuenko U.B., k-T TexH. Hayk

PACYET HEXKECTKHUX JOPOXHBIX OJAEX/] B TIPOTPAMME YKPPIO 16
AHHOTanus. B cTarbe paccMoTpeHa nporpamma Juisi aBTOMaTU3UPOBAHHOIO pacuéra HEKECTKUX
nopoxHbix oaexn YKPPJIO 16. Paccmorpensl unTepdeiic mporpaMMbl, KOMIIOHOBKA MCXOTHBIX
JAHHBIX M pe3ylbTaTOB pacd€roB. Pacyérel BenyTrcs MO TPEM KPUTEPUSAM IMPOYHOCTH: IIO

JIOMYCKAaeMOMY yIIpyromy nporuy, 1o ycioBHIO CIIBUTOYCTOMYMBOCTHU MOJICTUIIAIOIIETO IPYHTA U
MaJIOCBSI3HBIX KOHCTPYKTHBHBIX CJIOEB, Ha COMPOTHUBIICHHE MOHOJIUTHBIX CJIOEB YCTAJIOCTHOMY
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paspylIeHHIo OT pacTsDkeHus npu u3rube. B Bepcuio mporpammbel 2016 roga moGaBieHa
BO3MOYKHOCTh ~aBTOMAaTU3MPOBAHHOrO pacuéra Ha pacu€rHyro Harpy3sky 130 xH s
NpUOIM3UTENIBHON OLIEHKH, a Takxke QyHkus popmupoBanus otuéra mno pacuéram B MS Office

Excel.

OOBEKT HccaeI0BaHus - aBTOMATH3AIMS pacuéTa JOPOKHON OJEHKIBI.
[{enb paGoThI - aNrOpUTMU3ALIKS U IPOTPAMMHUPOBAHUE BCETO LIUKIIA IPOCKTHUPOBAHUS JOPOKHOM

OACXKIBI 10 YKPAUHCKHUM HOPMATHBAM.

MeTo/b1 HccieI0OBaHUs - METO/Ibl 00bEKTHO-OPUEHTHPOBAHHOTO ITPOrPAaMMHUPOBAHHUS.
KiroueBble c€j10Ba: aBTOMAaTU3HPOBAHHBIA pacdéT, HEXKECTKAs NOPOKHAST ONEXKIa, HMHTEpQEic

MPOrpaMMbl, pacy€T JOPOKHOM OIEHKIbI,
CTPOMTENbHbIE HOPMBI, pacuéTHasi Harpys3kKa.

Beryn
BukopuctanHs ~ aBTOMAaTH30BaHMX
PO3paxyHKY JOPOXKHIX OJIATIB J03BOJISIE:
1) CKOpPOTUTH Yac pO3paxyHKiB;
2) MiABHUIUTH SKICTh MPOEKTHUX PIlLICHb.

CUCTEM

IligBumeHss  sSKocCTi

MOJKJIMBO 32 PaXyHOK:

1) nigbopy  ONTUMAaIbHHUX

OyniBeTbHUX MaTepialis;

2) nigbopy ONTUMaIbHUX TOBILIWH IIAPIiB.

Kpim Toro, € Opak mporpamMHHX MpOIYKTiB, B

OCHOBI SIKHX JIeXKaTh YKpaiHCbKi HOPMaTHBH.

[Tporpamuunii mpoaykr koncopuiymy CREDO

Pagon UA He miaTpumMye OCTaHHI 3MiHH Y

HOpMaTHBHIH 0a3i [1].

Bce 1e o00yMoBIIOE aKTyaJdbHICTH JAaHOTO

HaTpsMKY.

Ilepiia excriepuMeHTaNbHa BEpCist IPOrpaMu 1o

aBTOMATH30BaHOMY PO3PaxyHKY JIOPOXKHBOTO

onary Hexopctkoro Tuny YKPPIO Oyna

po3pobiieHa Ha Kadeapl BUIIYKYBaHb Ta

HpOEKTyBaHHs Jopir i aepoapomie (XHAY) y

2014 pomi. 3 TUX mip  Hporpama

YCKJIa/IHIOBaJIacst ¥ yJJOCKOHAIIIOBAJIacs.
OcHoOBHa YacTHHA

Bynu Bupimieni HacTynHi 3a1a4i (pUCYHOK 1):

1) crBOpeHHs Oa3u JaHUX 1O JOPOXKHBO-

OyniBeILHUM MaTepiajlaM Ha OCHOBI HOpM [2];

2) cTBOpeHHs 0a3u TaHUX TI0 aBTOMOO1IISIM;

3) crBopeHHs  Oi0miOTeKHM  KJaciB IO

aBTOMAaTH30BaHOMY PO3PaxyHKY;

4) ctBOpeHHs uHTep(eiicy,

KOpHCTYyBaya;

5) cTBOpeHHS (QYHKLII BHBEIEHHS 3BITY B

3pyuHOMYy (hopmari.

MPOEKTHUX  pillieHb

JAOPOXKHBO-

3pYy4YHOTO IS
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TPYHT 3E€MIIIHOIO IIOJIOTHA,

BEOAOMCTBCHHBIC

Introduction
The computer-aided calculation using allows
us:
1) to reduce the time calculations;
2) to improve the quality of the design
solutions.
Improving the quality of design solutions is
possible by:
1) selection of the optimal road-building
materials;
2) selection of the optimum layers thickness.
In addition, there is a lack of software
products, which are based on Ukrainian
standards.
The software of CREDO Consortium of
Radon UA does not support the recent
changes in the regulatory framework [1].
That is why this problem is actual direction.
The first experimental version of the
program for non-rigid pavement calculation
YKPPJIO has been developed at the
Department of survey and engineering of
highways and airfields (KhNAHU) in 2014.
Since then, the program is being
complicated and perfected.

Main part

Problems, that have been solved (figure 1):
1) creation of the road-building materials
database [2];
2) creation of the vehicles database;
3) creation of the class library for computer-
aided calculation;
4) creation of the user-friendly interface;
5) creation of the report launch function in
convenient format.



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

3py4YHUit iHTepdeic

GibnioTeka knacis
6a3un gaHnx onsa
aBTOMaTMU30BaHOro
AOPOXHEO- pO3paxyHKy
OyaiBenbHNX
maTepianis YHKLiA BUBOAY

3BiTYy 3a
pesynbTatamu
po3paxyHkiB

TPaHCMOPTHUX
3acobiB

Pucynok 1 — Ctpykrypa porpamu o
aBTOMATHU30BAHOMY PO3PAXYHKY JOPOKHBOTO
oasry Hexxkopcetkoro tuity YKPPJIO 16

Intepdeiic mporpamMu CKIANa€Tbcs 3 JIBOX
TOJIOBHHUX YaCTHH:

1) yactuHa, B sIKili KOPHUCTYBa4 BHOCUTH BUXIJHI
IaHHI;

2) dacTMHA, B SKIiii HaBEICHO pE3yJbTaTH

PO3paxyHKIB.

['onoBHa 0coONMUBICTH iHTEpdECY mporpamMu —
MPEJICTABICHHS BUXIIHUX JAaHUX 1 Pe3yNbTaTiB
PO3paxyHKiB Ha OJTHOMY BiKHi.

YactuHa, B sIKii KOPUCTYBad BHOCHUTb BHUXIJIHI
JIaHHI CKJIaJJa€ThCs 3 YHOTUPHOX OJIOKIB:

1) BuXimHI JaHHI 3a pe3yJbTaTaMH TEXHIKO-
€KOHOMIYHUX BUIIYKYBaHb;

2)  BuxigHi  gaHHl  Jug  (OpMYBaHHS
XapaKTEPUCTHK IPYHTY 3€MIISIHOTO MIOJIOTHA,

3) BuximHI  JAaHHI  And  (GOpMYyBaHHS
XapaKTEPUCTHK T0POKHBOIO OJATY;

4) naHHi MO 1apaM JTOPOKHbBOTO OJIATY.

brnox BUXIIHMX JaHUX 32 pe3ylbTaTaMu
TEXHIKO-€KOHOMIUYHUX BUIIYKYBaHb
CKJIa/1a€Thes 3 4 MYyHKTIB (PUCYHOK 2):

1) HaliMeHyBaHHS J1I0pOTH;

2) nepcrnekTBHa (Ha 20 pOKiB) cepeAHbOPIUHA
1000Ba iIHTEHCUBHICTD PYXY;

3) KoedilIe€HT NPUPOCTY IHTEHCUBHOCTI PYXY;

4) ckiaj TPaHCIIOPTHOTO TIOTOKY.
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user-friendly interface

database .
class library for
o computer-aided
road-building calculation

materials database

report launch
function

vehicles database

Figure 1 —The
pavement
UKRRDO 16

structure  of
computer-aided

non-rigid
calculation

The program interface consists of two main
parts:

1) the data input part;

2) the results of calculations part.

The main feature of the interface is
presentation of initial data and calculation
results in a single window.

The data input part consists of four blocks:
1) economic surveys data;

2) initial data for soil subgrade forming;

3) initial data for pavement forming;

4) pavement structure data.

The economic surveys data consists of four
item (figure 2):

1) object title;

2) perspective (20 years) the average annual
daily traffic;

3) rate of change in traffic;

4) transport flow percentage.
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g YKPPAC 16. PospaxyHok 40p0XHbLOrO 04Ary HEXOPCTKOTO TUMY 33 YKPAIHCHKMMI HOPMATHEAMIA

Biodani paHHi

1. 33 pesyneTaTamMm TEXHIKD-EKOHOMIYHIX BNWYKYEaHb

1.1 HaliMeHyBaHHA gopork c. 1-ro Cepnha - ¢. Cugopenkose 1.2 N20, aBTig. 300 1.3Koed.q 1,04

1.4 Cknap pyxy
EiACOTOK
ﬂErKDE\ﬂETDMDﬁLﬂI wichoro:
BROK-BUXiAHUX-AaHMX 33
2 12 FA3Z 2705 "TA3ens" (5 = 3.5 KAMA3 5320 +TKE 8350 (S=26.8 «

993?‘;1[;5:[@’!'3'\?'” TeXHIKOz" -
KOHOMIGHNX BULIYRYB4HLS

Cepenm EAHT&XH aBToMO0IN ABTOMOOI

6 5 3AN130 (S=9.525T) - 181 MA3Z 5048 +MAZ 52054 (S =3235 «

BUXIJIHUAX IMaHUX 3a
TEXHIKO-€KOHOMIYHUX

Pucynok 2 — biiok
pe3ynbTaTamMu
BUIIYKYBaHb

Cxitaq TpaHCIIOPTHOTO IOTOKY MOXKE MAaTH JI0
25 TpaHCMOPTHUX 3ac00iB. Y MO M0 KOKHOMY
oOpaHOMy  THUIy  TPaHCHOPTHOrO  3acoly
MOTPIOHO MOCTAaBUTH HOr0 BiJCOTOK Y MOTOLIL.
[TyHkTH 4ekOOKCiB TeHepYIOThCS 3 0a3u JaHUX
aBTOMOO1TIB (PUCYHOK 3).

P72 Crnan pyx Mo L2000 S TBs (5= 1) '
sincoTor MAN 12000 12.163 (S = 12T}
AN M2000 18224 (S = 18T)
lerri B g ST10 anuu
1 RCEDES—BENZAtegU 1300 (5 = 13.4
212 WERCEDES-BENZ Atego 1800 (S =18 143 KAMA
3 (l k= =851 15 Kamal
o & By
4 SCODA LIAZ 12.18PB (S = 12T) KamA
Mﬁgﬁo PTH nm
1T)
Cepep,ﬂl BAHT SMJ'I 13377 (5,17, 341_,, AsToMobini 3 Hanie
6 18 1 WM& o
I{AHAS 55111 (S = 2227; 19 MAS o
B 20 MAZ o
A3 53362 (S = 16.38T) .
9 MAZ 555102-2120 (S = 18 T} 21 MAZ g
MA3 B30300-2121 (5= 2657T)
Bamki ganTa: YPAN 377H (S = 14.95T) AsTobycn
103 DA 6510 (S = 24,88 7)) 2213 naz g
N

Pucynok 3 — ®opmyBaHHs CKJIay IOTOKY

baza nmanux aBTOMOOINIB Oyna 3amoBHEHa 3
HOPMAaTUBHOTO IOKYMEHTY [2].

brnox BuxigHuX gaHux s (HOpMyBaHHS
XapaKTePUCTHK TPYHTY 3€MITI0JIOTHA
CKJIQIAETHCSA 3 5 MyHKTIB (PUCYHOK 4):

1) nopokHBO-KIIIMaTUYHA 30Ha;

2) HOMEep AOPOKHBOTO paiioHy;

3) THIT MiCIIEBOCTI 3a 3BOJIOKCHHSIM;

4) TpyHT 3eMII0JI0THA;

5) INIBHICTD HUXKHBOTO IIAPYy KOHCTPYKIIT
TOPOKHBOTO OJISTY.

[TyakTH TUTst 3alOBHEHHS JIOPOXKHBO-
KIIMAaTHYHOI 30HH Ta HOMEPIB JTOPOKHBOTO
palioHy  MaloTh CBOIO  JOBIAKY  (KapTy
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Biwdnni aani
1. 33 pe3yNETATAMN TEXHIKO-EKOHOMISHILX BHLIYKYBAHE

1.1 HaiimeHyBanns goporu c. 1-ro Cepnus - c. Cugopenrose 1.2 N20, aBT/a. 300 1.3 Koed.q 1,04

1.4 Cxnag pyxy
EiACOTOK
1 63 Nerkosi asTomobini Yeworo: 0
Nerki BaHT xHi aBTOMOGINI
&3 2705 "TA3ens" (5 = &.

. economic surve”‘”“ -data--

A3 2705 TA3ens” (5=35T) - MA3 5320 +TKBE 8350 (S=268 «

ApTomofini 3 npryenamu
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Cepenti BanTaxH asTOMOGINI ABTOMOBIN 3 HanEnpHEnami
8 5 3N 130 (S =9.525T) - 18 1 MAZ 5048 <MAS 52054 (S = 3235 +

Figure 2 — Economic surveys data

Transport flow may consist of the 25
components. This component has required
fields: percentage of vehicles in transport
flow. Checkboxes of vehicles are generated
from the vehicles database (figure 3).
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Figure 3 — Transport flow forming

The vehicles database had been filled out the
normative document [2].

The initial data for soil subgrade forming
consists of five item (figure 4):

1) the road-climatic area;

2) the number of road region;

3) the type of terrain humidification;

4) the soil subgrade;

5) the density of the lower layer of the
pavement.

The road-climatic region item and the
number of road area item have help button —
map. This map load by «?» - button.
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pailloHyBaHHS),  sKa
JIOIIOMOT'OF0 KHOIIKH «7».

MiBAHTAXYEThCS 32
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Pucynok 4 — ®opmyBaHHs
I'PYHTY 3€MII0JIOTHA

XapaKTEPUCTUK

bnok BuxigHuX JaHUX A8 (HOpMyBaHHSA
XapaKTEPUCTUK JOPOKHBOTO OJSTY CKJIaJAa€ThCS
3 6 MyHKTIB (PUCYHOK 5):

1) TexHIUHA KaTeropist 10pory;

2) ocbOBE HAaBAaHTAXKEHHS,

3) mnepemMukad I BCTAHOBJIEHHS KOJICHOT
CXEMH;

4) TUN 1OPOKHBOTO OJIATY;

5) cTpOK Ci1y>k0H TOPOKHBOTO OJIATY;

6) KOeQILIEHT CMYTH.

bnok BHXIAHMX JNaHMX MO LIapaM JIOPOKHHOTO
OJIATY CKJIAJIA€ThCA 3 JBOX TOJOBHUX OJIOKIB!
670K 1o ac(ambTOOETOHUM LIapam, Ta OJIOK 1O
HIIIAM TIapaM JTOPOKHBOTO OJIATY.

ATz NAZ 899 (S = 137) - N

. OpPMyEaHHA XapaKTepuETvK
OOPOXKHBOIo oosAry

3. [N (HOpMYEBHHA XaPAKTEPHCTINK AOPOXHEOTD DAATY

3.1 Kareropia goport 3.2 HazarTasetia

130 ’H (A1) @) 100 kH (A3)

EN)

la ] n il N v
15 kH (A2) 60 kH (B)

3.3 Koneca .
3.4Tun goposusoro opary.  KanansHuit (1- IV kaTerop

© opun Ganow criapeti Ganonn

3.5 CTpOK cnyx®u Aop. ofary (Tcn, pokk) 12 ? 3.6 Koedbitjier cuyrw (fomyr) 0,55 ?
\ (2] ERER)

Pucynox 5 — biok TUIA

XapaKTePUCTHK TOPOKHBOTO OISATY
B miit Bepcii mporpamu (pUCYHKO 5) 3'sBHBCS
nepeMuKay (eJIeMEeHT YHpPaBJIiHHS OIepaniiHoi
CUCTEMH) IJIsi PO3PaxXyHKY KOHCTpyKIii Ha 130
kH. ¥V HOBOMy HOpPMAaTMBHOMY JOKYMEHTI

dbopmyBaHHS
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y Y
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?
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q 3 5 1400 200 2200 Hogatw r

Figure 4 — Soil subgrade forming

The initial data for pavement forming
consists of six item (figure 5):

1) technical road category;

2) axial load;

3) RadioBatton to determine the wheel
scheme;

4) type of pavement;

5) service life of the pavement;

6) traffic lane coefficient.

The pavement structure data consists of two
GroupBoxes: asphalt layers and other layers
of pavement structure.

N1A3 699 (S = 137) 1

[ 2 Kpges 6510 (S =24.88 1) 24 -
: performance data for. pavement _
forming

3. [AnA hOPMYEaHHA XaPaKTEPUCTHE AOPOAHEOND OARTY

3.1 KaTeropia gopori 3.2 HaBaKTaxetHs

3 Al) @ A3)  ———
a 5 1 o v v 130 kH (A1 100 kH (A

115 kH (A2) 60 kH (B)

3.3 Koneca =
3.4 Tun gopowcinoro ogary  Kaniranshiii (1- IV kaTerop w

@ opu Banow cnapeni Ganokm

3.5 CTpor cnysxbu gop. ogary (Ten, pox) 12 ? 3.6 KoedpiierT cuyrw (femymn) 0,55 2
L i y ¥} 0,55 2 3

Figure 5 — Pavement forming

Here, in this version of the program
RadioBatton (control of the operating
system) for 130 kN axial load calculations
has been appeared (figure 5). The new
Ukrainian standard provides the calculation
for axle load of 130 kN [3].
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nependavaeThbcs PO3PaxXyHKOBE HABAHTAXKCHHS
Ha Bicp 130 xH [3].

[ToTpiOHUIT MOAYIIE TPYKHOCTI PO3PAXYBYETHCS
3a (opmysioro [3]:

~

c, @

nomp cyM _o

E  —42843. InQN

e NCyM — CyMapHa pO3paxyHKOBAa KUIbKICTb

NPUKIaJaHHS PO3PaxXyHKOBOTO HABaHTAKCHHS
Ha HaNOLIBII 3aBaHTAKEHY CMYTY,
OJIMHUIIB/100Y;

C — xoediuieHT, AKUN
PO3pPaxyHKOBOTO HaBaHTa)KECHHS.

3aJIEKUTh  BIJI

Maemo emmipuuHy 3ajiexHicTh koedinienty C

BiJ PpO3paxyHKOBOIO HaBaHTaXECHHS
(prcyHOK 6).
450
© 400 {—$—
(=
£ 350 S
| AN
= 300
3
& 250 | Y =-0,015x2 +R 20@}23x+ 408,48 ™~
200 } } }
50 70 90 110 130 150
Po3paxyHkoBe HaBaHTa:keHHs, KH

Pucynok 6 — 3anexnicte koedimienry C Bin
PO3paxyHKOBOI'O HABAHTa)KEHHS

3anexHicTh KoedirieHTy C BiJ po3paxyHKOBOTO
HaBaHTAKEHHS HaBeJeHO y Tabnuii 1.

Tabamnusa 1 — 3anexnicts koedimientry C Bifg
PO3paxyHKOBOI'O HABAHTa)KEHHS

Po3paxymkoBe ”
HaBaHIT)axc}::{Hﬂ, kH Koedimient C
60 409,4
100 350,21
115 315,6
130 273,579

MiHiManbHUM MOTPIOHUI MOIYIh MTPYKHOCTI
3HAXOJIMMO 3 JIF0YMX HOPMATHBIB [2] MeToAOM
eKCTpanossIii (puCyHoK 7).
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Required elastic modulus is calculated by
the formula [2]:

~

Ereq =42843:-In§°N c, @

sum _o

where N, - the total estimated applying

number of normative load on the busiest
traffic lane, units/day;

C - coefficient that depends on the
normative load.

We have the coefficient C empirical
dependence on normative load (figure 6).

450

400 | €~
O
£ 350 \
‘S
§ 300 AN
© 50 L ¥ =-0,015x%+0,9123x + 408,48 ™N

R2=1
200 | | |
50 70 ) 110 130 150

Normative load, kN

Figure 6 — The coefficient
dependence on normative load

C empirical

The coefficient C empirical dependence on
normative load shown in the table 1.

Table 1 - The coefficient C dependence on
normative load

Normative load, kN Coefficient C
60 409,4
100 350,21
115 315,68
130 273,579

The minimum required elastic modulus has
been determined from the existing norms [2]
by extrapolation (figure 7).
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Pucynok 7 — 3anexHicTh MiHIMQJIBHOTO
noTpidbHOTrO MOJTYJTIO HPYKHOCTI BiJ
PO3PaXyHKOBOT'O HABAHTA)KCHHS

Pe3ynbratu po3paxyHKiB HaBeJIeHO y Ta0muii 2.
Taéauus 2 — MiniManbHUI NOTPIOHUN MOIYIh

OPY)KHOCTI  OIITY ISl PO3PaxyHKOBOTO
gaBanTaxenus 130 kH

MiniManpHUNA TIOTPIOHUH
Kareropis MOJTYJIb TIPY>KHOCTI OZISITy
Jtoporu JUTSL PO3PaXyHKOBOTO
HaBaHTaxeHHs 130 xH
Enmin, MIla

Ia 295

16 285

I 260

Takuil xe npuHIUN OyJ10 BUKOPUCTAHO NpHU
3HAXO/DKEHHI KOE(IIIEHTIB MPUBEICHHS J0
po3paxyHkoBoro HaBaHTaxeHHs 130 kH.
JletanpbHO 11 JOCHI/DKEHHS — OMHMCaHl Yy
CTYIEHTCBKIi podori [4].

B Omomi xapakTepuUCTHK IIApiB JIOPOKHBOTO
ozIAry 1HXEHeP-A0POKHUK BCTAHOBITIOE
TOBILMHY IIapiB (PUCYHOK §) JOPOKHBOTO OISATY
Ta (opMye XapaKTEepUCTUKU MaTepiaiiB 3a
JOTIOMOTOI0  MiJBAHTAXXEHHS  JIBOX  BIKOH:
ac¢anbToO0eTOHHI mapu (PUCYHOK 9) Ta mapu
ocHoBH. Ili BikHAa BIJKPHUBAIOTHCS KHOMKAMHU
«JlomaTny.
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Figure 7 —The minimum required elastic
modulus dependence on normative load
The calculation results are shown in table 2.

Table 2-The minimum required elastic
modulus for normative load 130 kN

The minimum required
Road elastic modulus for
category normative load 130 kN
Enmin, MPa
Ia 295
16 285
I 260

The same principle had been used in finding
the conversion coefficients for 130 kN
normative load. Details of these studies
where described in the student paper [4].

In the layer characteristics block a road
designer assigns thickness of pavement
layers (figure 8) and forms characteristics of
material through two windows: asphalt layer
(figure 9) and pavement structure layer.
These windows open by the Add buttons.
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Pucynok 9 — Bixgo 15 dopMyBamHS mapiB Figure 9 - The asphalt layer window
MOKPUTTS 3 ac(hanbToOeTOHY

[Ticnia BuGOpy moTpibHOrO Marepiaidy /Ui mapy,
TEKCTOBI TOJISI XapaKTEPUCTHK Ha TOIIOBHOMY
BIKHI aBTOMAaTUYHO 3allOBHIOIOTHCA 3 0asu
JaHUX MaTepiajiB (PUCYHOK 8).

Automatically TextBoxes are filled in
characteristics of materials from the road-
building materials database (figure 8).

After forming initial data, a road designer
must press applying load button (button “To
calculate”, figure 10). Calculations are

[Ticns 3amoBHEHHS BUIXIHUX MaHUX, 1HXXKECHEP
HaTUCKae KHOMKY «[IpukimacTu HaBaHTaKCHHSD
(«Po3paxyBatu», pucyHok 10). Po3paxyHox

163
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NPOBOJIUTHCS 332 TpPhOMa KPUTEPIAMHU: 32
JOIYCTUMHM TMPYXKHIM HPOTHHOM, 33 YMOBOIO
3CYBOCTIHKOCTI 3eMJITHOTO IMOJIOTHA Ta IIapiB 3
Majio3B’s3HUX MaTepiajiB, IO MIIHOCTI Ha

PO3TAT MPH 3TUHI.

ﬂpumacmu HaeaHmMaxeHHA

PezyneTam pospagHkie

1. 3arancHi pesynetam 2. MpyxHiid nporuH

Pozp. eonorics Wr= 0,69 Ezar1= 86,36 MMa

Mpwe. iHTeckBHicTE Np = 34 69985 Esarz= 11751 MNa

Kinek. posp. g6 Tpop = 130 Ezard= 171.08MMa

focameaab T Esard= 20961 Ma
KoegiujeHT cymn Ko = 15,03 Esar5= 0 MMa
Cym. Kines. npoiznie ZNp = 47544 Esar= 0 Ma
Koepiuent kNC = 1 Esar= 254,94 MMa
KoegiuieHT kNp = 1
Enomp = 130
Tuck y kamepax, MMap= 06
DiarmeTtp wramny, cm DO = 37,1 E3arEnoTp =13
v PEIYbTaTH ™ >
KyT BHYT. TEPTR, rpaa F| 3a..|1:}Bl.ano
= 1y03 paxyH KiB
3. Onip scyey 4. Onip posTAry
Ee = 608,13953 hs= 18
h/D = 1,15903 Es = 275556
En/Erp= 1117304 En= TTHL
oN= 194 h/D= 048518
- 002716 Es/Erp = 23.44358
T= 0063 O HOMOrp = 1,82
CN= 00148 o= 1.09
Trp = 0,03566 kkn= 055881
Trp/T= 2.19 fr= ZalmE
K scyB= 1.4 Rp/Sigma = 2571
2an0BINLHO KrMu poztAr= 1.29

3anoBINLHO

3ghopmysamu 3sim ma nepedamu y Excel
— -

Pucynok 10 — biok pe3ysbTatiB po3paxyHKiB

PospaxyHku y mporpami BeIyThCs 3TLIHO
Bigomunx OymiBenpaux HOpM 2004 poky [2] 3
nomnpaBkamMu. KOpeKTHICTh TPOEKTHHUX PIllIeHb
KOHTPOJIOETHCSI 32 JIOTIOMOTOIO 1HIUKATOPIB TIO
KO)KHOMY KPHUTEpII0 PO3PaxyHKY: 3aJ0OBLIBHO
(1HIUKATOP CHHBOTO KOJIbOPY) UM HE 33JI0BLIHHO
(IHIUKATOP KPACHOTO KOJILOPY).

SIKIo KopHCTyBaua pe3ylbTaTH pO3pPaxyHKiB
3aJI0BOJIbHAIOTH, BIH MOXe c(OpMyBaTH 3BIT Ta
nepenaTH Horo y exekTpoHHi Tabmmmi Excel.
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performed for three strength criteria:
permissible elastic deflection, shear strength
of subsoil and monolithic layers resistance
of tensile bending.

ﬂpumacmu HaeaHmMaxeHHA

PesyneTam pospagyHkis

1. 3araneHi pesynetam 2. MpyxHii nporuH

Posp. sonoricte Wr= 0,69 Ezarl= 86,36 MMa

Mpue. iHTecweHicTs Np = 34, 69985 Ezar2= 11751 MMNa

Kinsic. posp. 46 Tpap = 130 Esar3= 171,08 MMa

SRS LS T Esard= 20961 Ml
KoediljeHT cymn Ke = 15,03 Esar5= 0 MMa
Cym. kinek. npoisgie ZNp = 42544 Eaxrb= OMMa
KoepidieHT kNC = 1 Esar= 25494 MMa
KoediieHT kNp = 1

Enotp= 150

Tuck y kamepax, MMap= 0,
Oiametp wrammy, cm DO = 371 Ezar/Enotp = 1.34

e r@gUlts Of o1

KyT BHyT. TepTA, rpag Fi = 194

2an0BiNLHO
«-cglcutations
3. Onip scyBy 4. Onip posTary
Ee = 608135953 he= 18
h/D= 1,15903 Es = 275556
Ea/Erp= 11,17904 En= 11751
=0 fQF a
pN= 154 B =i
= 002716 Es/Erp = 23.44558
T= 00863 O HoMorp = 18
CN= 00148 o= 1,09
Trp = 003566 kkn= 059881
Trp/T= 2.19 Fp= ZETEE
KMy 2cyB= 14 Rp/Sigma= 2571
2anoBiNEHO Krmuy_poztar= 1,29

FAN0BINLHO

3ehopmysamu 3sim ma nepedamu y Excel
— -

Figure 10 — Calculation results block

The calculations is conducted according to
Departmental  building norms [2] as
amended. Correctness of design solutions is
controlled via the indicators: satisfactorily

(blue indicator) and unsatisfactorily (red
indicator).

If the calculation results satisfy a user, he
can generate a report and submit it to a
Excel spreadsheet.
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BucHoBxku

v CTaTTi pO3rIIAHyTa npobiema
ABTOMAaTU30BaHOTO PO3PaxyHKy JIOPOKHBOTO
OJISITy HEXOPCTKOTO THUIY 33 YKPaiHChKUMHU
HOpPMaTHUBAaMHU.

JleTasibHO PO3IIISIHYTO iHTepderic Ta
ocobmmBocTi nporpamu YKPPJ1O 16.

[TpunineHo ocoOIMBY yBary 10 po3paxyHKY Y
porpami JOpOXKHBOTO OJISITY Ha PO3PaxyHKOBE
HaBantaxkeHHs 130 kH. Lleit po3paxyHok MoOKHa
BUKOPHUCTOBYBAaTH THMYACOBO JI0 BUXO/Y HOBHX
HOPMATHUBIB Y SIKOCTI MPUOJIU3HOT OIIIHKH.
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Penenszentn:

Conclusions

In this article general problem of non-rigid
pavement computer-aided calculation by
Ukrainian standards has been considered.

The interface and specifics of computer
program UKRRDO 16 has been shows in
detail.

Special  attention to  computer-aided
calculation on the normative load 130 kN
was given. Temporarily one can use this
calculation for rough estimate until new
standards will be used.
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MOJAEJIIOBAHHSA HAITPY KEHO-AE®@OPMOBAHOI'O CTAHY
ACO®AJIBTOBETOHHOI'O IOKPUTTSA HA NIBIEHHOMY MOCTOBOMY IHEPEXO/I

AHoTanis. Y cTarTi pO3MIAHYTO YHMCENbHHH METOJ BH3HAUYEHHS HANpYXEHO-Ie(OpMOBAHOTO CTaHy
acdampToOeToHHOTr0 TOKpUTTS [liBmeHHoro MoctoBoro Ilepexomy, mo 0a3yeTbcsi Ha pO3B'sI3aHHI
PIBHSHB TEOpii MPYKHOCTI — METOTy CKIHUCHHHX €JIEMEHTIB. 3aCTOCYBaHHS YHCEIHLHOTO MOJICITFOBAHHS
OOYMOBIIIOETHCSI THUM, IO CXEMH HABAaHTAXKEHHS YCKJIAQJHIOIOTHCS 1 MOTPeOYyIOTh MPOCTOPOBOTO
BUPIIICHHS 3aJla4yl 3 METOI0 MiJBUIIEHHS SKOCTI MPOEKTYBaHHS MOKPUTTS MOCTOBOIO Mepexony. Y
CTaTTI HAaBEIEHO MPUKIAA PO3MONALTY IMOJiB JAedopmaliii y YacTHHI MOCTOBOTO IMEpexoay Npu
TPAHCHOPTHOMY HAaBAaHTAXKEHI.

KnrouoBi cioBa: piBHAHHA Teopii MPYKHOCTI, METOJ| CKIHUCHHUX €JIEMEHTIB, 1HXEHEpHO-
pospaxyHkoBuii komruiekc ANSYS, HanpyxkeHo-negopMOBaHHN CTaH, HOPMAJbHI PO3TATYIOUI
HaINpy>XeHHs, PIBHAHHS perpecii, OpTOTPOITHA IITUTAa MOCTOBOTO MEPEXOY.
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SIMULATION OF STRESS-STRAIN STATE OF ASPHALT CONCRETE
PAVEMENT OF THE SOUTH BRIDGE

Abstract. This article to used numerical method for determination of stain and tension pavement South
highway condition based on the solution of elasticity theory equations - Finite Element. The application
of numerical modeling is determined by the fact that load patterns are becoming more complicated and
require spacial concept in order to enhance the quality of overpass pavement design. In article atypical
example for deformation fields distribution in one of the bridge crossing sections under traffic load is
provided

Keywords: Elasticity theory equations, method finite element, engineering calculating complex ANSYSS,
pavement tension state, spreading the tension, regression equation, orthotropic slab of bridge crossing.
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MOJEJUPOBAHUE HANNIPA KEHHO-AE®@OPMUPOBAHHOT'O COCTOSHUA
ACPAJIIBTOBETOHHOI'O NOKPBITHUA HA IO KHOM MOCTOBOM MNEPEXO/JE

AHHOTanmus. B  cratbe paccMOTpeH  UHCICHHBIM  METOJ  ONpENEeNIeHUs]  HampsHKEHHO-
ne(GOpMHUPOBAHHOTO COCTOSHHSA ac(hanbToOeTOHHOrO MOKphITHS FOkHOrO MOCTOBOTO mepexona,
OCHOBAaHHBI HAa PELUICHUH YPABHEHUH TEOpUU YIPYIOCTH - METOJa KOHEYHBIX JJIEMEHTOB.
[IpuMeHeHne YMCIEHHOrO MOJAEIMPOBAHUS OOBICHAETCS TEM, YTO CXEMbl HArpy3KH YCIOXKHSIIOTCA U
TpeOYyIOT MPOCTPAHCTBEHHOI'O DELICHUS 3aJaud C LEJbI0 IOBBIIICHUS KaueCTBa NPOEKTUPOBAHUS
HOKPBITUSL MOCTOBOIO Iepexona. B cTarbe nmpuBeneH nmpumep pacnpeneneHus nosnei aedopmanuii B
94aCTU MOCTOBOTO IIepexo/ia PH TPAHCIOPTHOM Harpyske.

KiioueBble cjioBa: ypaBHEHHs TEOPUU YIPYTOCTH, METOJA KOHEUHBIX AJIEMEHTOB, WH)KEHEPHO-
pacuetHerii  komruiekc ANSYS, HanpsokeHHO-IeOPMHUPOBAHHOE  COCTOSIHME, HOpPMAaJbHBIE
pacTAruBarolle HapsHKEHNs, ypaBHEHUE PErPECCUH, OPTOTPOIHAS IUIUTA MOCTOBOTO NEPEX0/a.
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AKTyaJIbHiCTh Npo0JeMH. 3 YypaxyBaHHSIM
TOTO, IO Ha Npoi3Hid dactuHi [liBaeHHOTO
MOCTOBOT'O TIEPEXO1Y i€ CKJIaJHE TPOCTOPOBE
HaBaHTaXEHHS JOULTBHO BUKOPHUCTATU
YHCENbHUN METOJ] BHU3HAYCHHS HAMPYyKEHO-
ne@opMOBaHOIO  CTaHy  MOKPUTTS, IO
0azyeTbCsl Ha PO3B'A3aHHI PIBHAHB TeOpil
MIPY>XKHOCTI — METOTY CKIHUEHHHUX €JIEMEHTIB, K
HAOUTBII  YHIBEpCAJbHOTO 1 e(EKTHBHOTO.
Moro 0coOnuBicTIO € Oe3rmocepeHii mepexina
BiJl KOHTHHYAJIHHOTO O0'€KTy 10 JUCKPETHOTO
aHaJTI3y IUIIXOM JIIJICHHSI 00JIacTi 00'€KTY, KM
JNOCHTI/DKYETbCS, Ha psa  mig-o0mactedd Ta
anpoKCHMAllli TOJIB TepeMillleHb, 3YCUJIb,
HaTpy)KE€Hb, HANMPUKIAJ, 3 BHKOPUCTAHHSIM
1H)KEHEPHO-PO3PaXyHKOBOTO KOMILIIEKCY
ANSYS.

AJTOpUTM aHANITUYHOTO OIHUCY TPUBUMIPHOI
YUCENBHOI MOJENi. 3aCTOCYBaHHS YHMCEIBHOTO
MOJIETIIOBaHHSI OOYMOBJIOETHCS TUM, IO CXEMHU
HABAaHTAXCHHS YCKJIQJHIOIOTHCS 1 TOTPEOYIOTh
MIPOCTOPOBOTO BHPIIIEHHS 3a7adi 3 METOI0
MiABUIIEHHS SIKOCTI TPOEKTYBAaHHS TTOKPHUTTS

MOCTOBOI'O nepexoy. TpuBumipHe
MOJICTIIOBAaHHSI MAa€ 32 OCHOBHY METY YCYHYTH
HEJIONIKA JTOCJIIIKEHHS CHJIOBOT'O

HAaBaHTA)XEHHS Ta MILHICHUX XapaKTEpUCTHK
MOKPUTTS MiJi HABAaHTAKEHHSM BiJ] TPAHCIOPTY
y TIockiii moctaHoBmi. lle mae MOXIMBICTH
OUTbII  O0’€KTUBHO OIHUTH €(EKTUBHICTh
B3a€MO/Iii TPAHCHOPTY 3 TOKPUTTSIM MOCTOBOTO
nepexoay 3 OISy Ha MiHIMaIbHY 3MiHY
MOKPUTTSL.

JUis bOro IIMPOKO 3aCTOCOBYIOTH 1H)KEHEPHO-
pPO3paxyHKOBI  KOMIUIEKCHM  Tumy  ANSys,
SolidWorks, Inventor ta ixmii, sKi JO3BOJSIOTE
BUKOPUCTOBYBaTH BCTaHOBJIEHI OCOOJIMBOCTI
MOBEIIHKU MOKPHUTTS i/l HABAaHTAXKEHHSM.
BukopucTaHHs TakMX KOMIUIEKCIB JI03BOJISIE
3MEHIIUTH TEPMIHM BUKOHAHHSA TEXHIYHUX
PO3paXyHKOBHX OIEpalliii, CyTTEBO CKOPOTHUTH
TEpPMiH OTPUMAaHHS PE3yJIbTaTiB JOCTIIKEHb Ta
CTPOKM  MpoekTyBaHHSA. KpiM  KUIBKICHHX
MOKa3HHUKIB, BUKOPUCTAHHS TAaKUX KOMILIEKCIB
JI03BOJISIE OTPUMATH BI3yaJIbHO SIKICHY KapTHHY
OTpPUMaHUX PE3YNbTaTiB.

Mogens  4YaCTUHM  MOCTOBOIO  IMEPEXOY
BukoHaHa B cepenosuiii Mechanikal Desktop,
10 HaBeIeHa Ha puc. 1.

®i3uK0-MeXaHIYHI BIACTUBOCTI MOKPUTTS Ta
METAJIOKOHCTPYKIII{, HABAHTA)XEHHS, KOHTAKTU
Ta TpaHUYHI YMOBM 1O BHpIIICHHS 3ajadi
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Urgency of a problem. Taking account of
the fact that there is complex space load on
the carriageway of the South highway stream
crossing it is reasonable to use numerical
method for determination of stain and tension
pavement condition based on the solution of
elasticity theory equations - Finite Element
Method as the most universal and efficient
one. Its particular feature is a direct
changeover from the continual subject to
sampling analysis by the way of investigated
subject area division into the range of sub-
areas and approximation of displacement
fields, forces, tension, for example with the
application of engineering calculating
complex ANSYS.

Analytic Description of Three-D Numerical
Model Algorithm. The application of
numerical modeling is determined by the fact
that load patterns are becoming more
complicated and require spacial concept in
order to enhance the quality of overpass
pavement design. Three-D modeling main
goal is to remove the drawbacks in the
investigation of power load and pavement
strength properties under traffic load in flat
setting. This enables us to estimate more
efficiently traffic and overpass pavement
interaction  efficiency  considering the
minimum pavement change.

Engineering calculating complexes like
ANSYS, SolidWorks, Inventor etc. are
widely use for this purpose and enable us to
use specified pavement behavior patterns
under load.

The application of such complexes allows to
shorten the engineering design operations
performance period, to decrease essentially
the investigation result generation term as
well as the design time. Accept for quality
quantitative characteristics the use of such
complexes enables us to receive high quality
visual picture of the results obtained.

The model of overpass part is created in
Mechanikal Desktop shown in (Fig. 1.).
Mechanical and physical pavement and
structural steel parameters, loads, contacts
and boundary conditions for the purposes of
task solution have been created within
Ansys framework as well as models
breakdown into the network of fine elements
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BUKOHaHO B cepenoBulli Ansys. Tam ke
3MIMCHEHO pO30MBaHHS MOJIEICH Ha CITKY
CKIHYCHHHX €JICMEHTIB Y BUTJISII TETPACIPiB.

HaBenemo anropuTM aHajdiTHYHOTO  OIUCY
3ajadyi 'y TPUBHUMIPHOMY  MpPOCTOpi  JUis
MIPOCTOPOBOTO E€JIEMEHTY MOjeNi (TeTpaeapa),
onucanuii B [1,7]. Po3B’s3anHHs 3amaui s

TPUBHMIPHOI  TIJCHCTEMH  BUKOHAHO B
cepenoBwiii Ansys.

Po3paxyHkoBy cXemy i 30BHIIIHIX
HABAaHTAXCHb  HA  TIOKPUTTS  MOCTOBOTO

nepexoay, B JaHOMY BHIIQJIKy, HNPUBEICHO Ha
puc. 2.

L a |
A E\ b"‘
)" N ENERNER N B
X
0 2,5e+003 5e+003 (mm)
I .

1254003 37564003

Pucynok 1 — Mojenb 4YacTUHH MOCTOBOIO
nepexony

A9

Static Structural
Time: 15
18.03.201420:84

B Pressure: L 1Pz

Bl Pressure 21, P2
B Foed Support

Bl Frictionfess Suppart
BB Frictondess Suppart2
[ Pressure 31 P2
B Pressure £ L 2

¢ X
2504003 5640103 (mm) :‘
N .

1254083 37565003

Pucynok 2 — Cxema HaBaHTaXEHb HOKPHUTTS
MOCTOBOTI'O MIEPEXO0.y BiJl TPAHCIIOPTY

Ha moxputTss MOCTOBOTO mepexoay i€ THCK P
Bi KOJNIC  TPAHCIOPTHUX  3aco0iB, IO
pyXaloTbCs B TpPU psAOd IO MOCTOBOMY
nepexony. Tuck P piBHOMIPHO MO I SITHY
KOHTAaKTa.

Bincrane Mk konecamu mnpuitHsaTa 2100 Mm.
[TokpuTTst  poO3rNIAgA€ThCS TMPH  BUKOHAHHI
pO3paxyHKIB SIK MPYXKHE TUIO Ta CTaTUYHO HE
BHU3HAa4Y€HAa KOHCTPYKIIiSi MOCTOBOTO IEPEXOIy.
B sixocTi 3MiHHUX (DaKTOPIB, SIKI HA HAILY AYMKY
YUHUTUMYTh HaWOUIBII CYTTEBUH BIUIMB Ha
3MIHYy  HaIpy»KEHOro CTaHy  IOKpPUTTS
(po3TAryloud  HANpyXeHHs), MpH  IHIIUX
HE3MIHHHMX YMOBAaX, IPUHHATO HACTYIIHI:

168

in the tetrahedron form.

Here is the algorithm of task analytic
description in the three-dimensional space for
a special model element (tetrahedron),
described [1,7]. Task solution for three-
dimensional sub-system made within Ansys
framework.

Analytical model of the external loading
impact on the overpass pavement in this case
is provided in (Fig. 2.).

N A\ N A
) U0 T T T [
N\ b aY .
¢
0 2504003 5640103 ()
N

125e4003 37564003

Figure 1 — The model of the bridge

&%

St Sructural
Time: 15
180328142084

[ Pressure: L P2

B Pressore 2: 1, WP
B Fioed Supgort

B Frictondess Support
B Frictionless Support2
[ Pressure 3: L 1P

" . I ¢
[ Pressure 5 L MeP ] 2504003 5003 (mm) z
N . b

B Pressure &£ L 1P
[ Pressure : L MP:

1254083 375e4003

Figure 2 — Model of loading on the overpass
pavement the bridge from traffic

Analytical model of the external loading
impact on the overpass pavement in this case
is provided.

The overpass pavement is being influenced
by the pressure P from the traffic wheels
moving in three lines along the bridge
overpass. Pressure P is proportionally
distributed over the contact patch.

The distance between the wheels is accepted
as 2100 mm. The pavement is considered to
be an elastic body and statically
undetermined highway stream crossing
structure as calculating. The following
factors are accepted to be changeable factors
which in our opinion will have the most
substantial influence on the change of
pavement tension state (spreading the
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X3 — TOBIIMHA TOKPUTTS, h, MM;

X2 — THCK BiJI TpPAaHCIOPTHUX 3aco0iB Ha
nokputts, P, MIla

X3— MOJIyJIb IPY>KHOCTI TOKpUTTS, E, Mlla;

X4 — piaMeTp 1’ sITHA KOHTakKTy, D, M.

PiBHi 3miHHMX (akTOpiB Ta IHTEpBAIM iX
BapilOBaHHS BUOpaHI HAa OCHOBI aHaNi3y THIIB
MOKPUTTSA, HOTO BJIACTUBOCTEN, HABAaHTAXKEHb Ta
I’ SITEeH KOHTAKTY BiJl TPAHCIIOPTHHX 3aCO0i1B, SIKi
npuBeneHo B Tabmwii 1. [Ipu 3miHi 3HaueHb Oyb
— SKMX BHUXIIHUX (DaKTOpPiB € MOXIIMBICTD
OTpPUMAaHHS (b yHKIIOHATEHOT 3aJICKHOCTI
HANPY)KeHb B XapaKTEpHUX TOUYKaX BiJ 3MiHH
1poro ¢axkrtopy. BusHaueHHs HaNpy>KEHOTO CTaHy
B TOYKaX MAacHBY MOKPHTTS BiJl 3MIHH JIEKUTBKOX
daxTopiB mOTpeOye MpOBEeNEHHA (PAKTOPHUX
eKCIIEpIMEHTIB 3 O0’€KTUBHMM  BHOOpOM
KOMOIHaIli/ 3HaUe€Hb HEOOX1THUX MapaMeTpiB.

Tabauusa 1 — PiBai 3MiHHHX (akTopiB Ta
IHTEepBaJIM iX BapilOBaHHSA TIPU JOCIIKEHI
BIUTUBY  HABAaHTAXCHb  BiJl  TPAHCIOPTHHX
3ac001B HA MMOKPUTTS

tension) under other permanent conditions:
X1 — pavement thickness, h, mm;

X, — pressure from vehicles over the
pavement, P, MPa;

X3— pavement elasticity modulus, £, MPa;
X4 — contact patch diameter, D, mm.

The levels of changeable factors and
variability intervals have been chosen basing
on the analysis of pavement types, their
properties, loads and contact patches from
vehicles, provided in (table. 1).

In case any background factors change there
IS an opportunity to get strain functional
relation in the characteristic points caused
by the change of this factor. The
determination of tension state in the
particular points of pavement under the
change of several factors requires factorial
experiments involving unbiased sampling of
essentials value patterns.

Table 1 — Levels of variables and intervals
of variation in study the influence of stress
on the vehicle to cover

PiBHI BapitOBaHHS InTepsa Levels of variation .
Hezanexni | Bepx- m Independ Low varying
L “PX" | Ocmo- | Huox- . ent Uppe | Main intervals
3MiHHI Hill + " . BapiroBa ; er .
BHUM | Hiif — . variables | r+1 0 Ai
1 HHA Ai -1
h, h,
X1 mm 90 80 70 10 X1 mm 90 80 70 10
P, P,
X2 Mpa 1,0 0,9 0,8 0,1 X2 Mpa 1,0 0,9 0,8 0,1
X3 E, 7000 | 5500 | 4000 1500 X3 E, 7000 | 5500 | 4000 1500
Mpa Mpa
x4 | P | 360 | 330 | 300 | 30 xa | P 1360 | 330 | 300 | 30
mm mm

B pe3ynbTari MOXKHAa OTpPUMAaTH MaTeMaTHYHY
Mozens (MM) HampykeHb B XapaKTepHHX
TOYKaX TOKPHUTTA BiJl 3MIHM 3OBHIIIHIX
(bakTopiB BUAY:

y = f(X,%,...X,) 1)
ne Y — ¢yHKUiS BIATYKY, Y JaHOMY BHUIAIKY
PO3TATYIOUM  HANPYKEHHS O y  TOKPHTTI
MOCTOBOTO Tiepexoay; X — (dakropu, M0
BIUIMBAIOTh Ha HANIPY)KEHUH CTaH MOKPUTTS.

OTpumMaHHs MOJENi BKa3aHOTO BUAY JO3BOJUTH
BCEOIYHO MpoaHATI3yBaTU 3MIHY HaIMpPy>KEHOTO
CTaHy MOKPHUTTS B XapaKTepHUX TOYKaX Ta B
MacuBl B IIJIOMY TpH 3MiHI 3Ha4Y€Hb BXIJIHHUX
napamerpiB. lle macTte 3Mory B KiHIIEBOMY
paxyHKy BHU3HAUWTH pallioHATbHY KOMOIHAIIIO
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In the result we can get strain mathematical
model (MM) in the characteristic points of
pavement depending on the change of
external factors:

y=f00 %) (1)
where: y — is a response function, in this case
spreading the tension o over the overpass
pavement; x — factors which have influence
on the pavement tension state.
In case we get the model of the above
mentioned type this will enable us to
analyze across-the-board the change of
pavement tension state both in particular
points and in the massive as a whole under
the change of initial parameters value. This
will allow us in the long run to identify a
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3HAa4YeHb BXIJHUX TapaMeTpiB, sKi 3a0e3rnevarsb
MiHIMaJIbHI 3HAYCHHS PO3TATYIOUUX HAIPYKEHb
Ta MAaKCUMaJIbHY JIOBTOBIYHICTh IIOKPHUTTSI.

[ToOymoBa MaTeMaTHYHUX MOJIEIICH HAIPY>KEHOTO
CTaHy TIOKPUTTS MOXJIMBA JIMIIE Ha OCHOBI
OJICP)KAHUX JIAaHUX (PAKTOPHUX EKCIICPUMEHTIB,
¢i3nuHKX a00 YHMCENbHUX. 3BaXKAIOYM HA TeE, L0
nmpoBeAeHHST ~ (I3UYHUX  EKCIIEPUMEHTIB €
JOCTaTHBO  TPYAOMICTKMM,  BapTICHUM  Ta
TPUBAIUM Y dYacl TPOIECOM, TO  OUIbII
pallioHaJIbHUM € 3aCTOCYBAaHHS Ui BHUPILICHHS
MOCTABJICHUX 337124 YHUCEITbHUX (KOMIT FOTEPHHX )

EKCIIEPUMEHTIB.

AJIeKBaTHICTh pe3ynbTaTiB YHCENbHUX
EKCIIEpUMEHTIB B 00OB’S3KOBOMY TMOPSIIKY Mae
OyTu HiaTBEpIKEHA GIBUIHIMEI

eKxcriepuMeHTamMu. Bubip pamioHaqTsHIX 3HAYE€Hb
BUXIJHUX  IlapaMeTpiB, MI0  BHU3HAYAIOThH
PO3TATYIOUM HANpYy>KEHHS B TOKPUTTI, MOXeE

OyTu 3a0e3neueHuit TUTaHYBaHHSM
€KCIIEpUMEHTIB.
Icnye Benmuka KUIBKICTH BapiaHTIB  IJIaHIB

npoBeJCHHST (aKTOpPHUX eKkcrepuMeHTiB [1, 6].
I3 [2, 5] BumiuBae, MO0 ONTUMAILHUMH IS

BUpIIICHHS TIOCTAaBICHUX 3agad € IUIaHU
IPYroro mopsiaKy.
[Inanm  gpyroro  mopsaKy  KBaIpaTHYHHX

Mojenei, 01u3bki 10 D-ontumanbHux THMY By,
3HAWIUIM HaMOLIbII IIMPOKE BUKOPHCTAHHSA,
MOPIBHSIHO 3 OpPTOTOHATTLHUMU Ta
poTtotabenpbHUMU  TulaHamu  bokca.  Bonum
BIJIPI3HAIOTHCS BiJ I1HIIMX IUJIaHIB JPYroro
MOPSIIKY MEHIIOK  KUTBKICTIO  JIOCHIIIB  Ta
MOJKJIMBICTIO OTPHUMAHHS OLIHKHU KOE(QIIi€HTIB
perpecii 3 MIHIMAJIbBHUMH TUCTIEPCISIMH.

Omxe, g MmOOYAOBHM MaTeMaTH4YHOI MOJEi
(piBHSIHHSI perpecii) BU3HAUEHHS HaNpy>KEHOTO
CTaHy TMOKPUTTS  CKOPHCTAEMOCS  MOBHUM
(akTOpHUM TUTAHOM 1 TaHoM Tumy Bp s
KBaIpaTUYHUX MOJICIICH.

I[Ipy  moOymoBi  mnaHy  MOBHO(AKTOPHOTO
eKCIIEPUMEHTY ISl OTPUMAHHS MaTeMaTUYHUX
MoJIeNiel, 3 BapiloBaHHSAM 3MIHHHMX (DaKTOpiB Ha
JIBOX PIBHSIX, YMCJIO HEOOXITHUX EKCIEPHMEHTIB
piBae 2%, 1e xk — KiIBKICTH (akTopiB. Y pasi
nepexoy A0 IUIaHIB TUMY By, Ui KBaAPaTUIHUX
MOJIeNIeH KUTBKICTh €KCIIEPUMEHTIB BU3HAYAETHCS
TakuM 4YMHOM, MpPU BU3HAYEHHI HAMPYKEHOTO
CTaHy TIOKpUTTS Yy JaHOMY JOCIiKCHHI
MiHIMaJIbHA KUIBKICTH YHUCEIBHUX JOCIIIIB
IOBHUHHA CKJIaJaTHU 24 =16 IS sipa Taany. Y
pa3i HEOOXIAHOCTI 1O IUIaHy MAOAAIOTHCA 8
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reasonable pattern of initial parameters
value which can provide minimum value of
the tension stress and maximum pavement
durability.

It is possible to construct mathematic
models of the pavement tension state only
basing on the

data received in the result of factorial
experiment either physical or numerical.
Taking account of the fact that physical
experiments are rather expensive, time and
labour consuming then it is more reasonable
to carry on numerical (computer)
experiments in order to achieve the
objectives.

The faithfulness of such numerical
experiments should be obligatory confirmed
by physical experiments. The choice of
initial parameters rational values
determining pavement tension stress can be
insured by the way of experiments planning.
There is a huge number of options for the
factorial experiment design [1, 6], [2, 5],
having studied which we consider that the
optimal one in order to achieve the
objectives there is a second-order design.
Second-order quadratic model designs are
similar to D-optimal type B, and are the
most  widely used comparing with
orthogonal and rotatable Box design. They
differ from other second-order designs by
small number of experiments and the
opportunity to get regression estimated
coefficient with minimum dispersion.
Therefore in order to build a mathematic
model (regression equation) for pavement
tension state determination we will use a full
factorial design and B, type design for
quadratic models.

At the construction of full factorial
experiment design in order to receive
mathematic models with variation of
changeable factors at two levels, the number
of the experiments required equals 2", where
k — IS the number of factors. In case we use
B, type design for quadratic models the
number of experiments is determined as
follows 2 + 2x.

Consequently, the minimum number of
numeric experiments at the determination of
pavement tension state under this
investigation should be 2* = 16 for design
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3ipkoBUX TOYOK. [loOymoBa Ha emmipu4HOMY
pieui [1 ,9] maremarnusoi moaeni tumy [10], 1o
OIHCYE 3aJICKHICTh HANPY>KEHb B ac(haibTOOCTOHI
i €0 TPAHCIOPTY 3 ypaxyBaHHIM (aKTOpiB,
SIKI BIUTMBAIOTh HAa HAMPYXXCHUU CTaH TIOKPUTTS Y
BIAMOBITHOCTI 3  MAaTpHICIO  IUIAaHYBaHHS,
JIO3BOJIUTH 3HAWTH BEIWYMHU HATNPYXEHb Y
XapaKTEpHUX TOYKAX 1 BHUPIMIMTH 3a/a4i BUOOPY
paliOHATEHUX TOBIIWH MOKPUTTSI.

[lnaH BUKOHAHHS YHCEIBHOTO EKCIICPHMEHTY
npuBeaeHo B Tabm. 1.

CnocoboMm BU3HAYECHHS Koe(irieHTiB
MaTeEMaTHYHOI MOJENl € METOJ] HaNMEHIINX
kBagpatiB  (MHK), 3actocyBanHs  sikoro

o0rpyHTOBaHo y [4].

Ile 3HAuUTH, MO BHJ MOJAETI BH3HAYAETHCS
Harepesl, OCKUIBKM CTPYKTypa  «IIYKaHOI»
emmipuyHoi (yHKIIT JOCTEMEHHO HEBiAOMA.
[TigOip xmacy abo Tumy (QyHKIIH 311HCHIOETHCS
Ha OcHOBi ampiopHoi iHdopmarii [8]. Bubip
tuny MM Ha mouaTKy JOCIHiIKEHHsSI 0a3yeThes
Ha TinoTe3i npo JiHIHHWK BIUIMB (akTOpiB X; HA
BeIMYMHY (YHKIIT BIATYKY, IO BHBYAETHCA.
MareMaTtuuHi Mojeii, OTPUMaHi 3a JaHUMH
eKCIICpUMEHTIB € EMITIpUIHUMHU
(CTATHCTHYHUMH).

OCKIZTbKM  CTaTUCTUYHI MaTeMaTU4Hl MOJeNl
NpU3HAYEeHI He JJIS OMHUCY MEXaHI3My sBHILA
BU3HAUEHHSl HaNpyXeHb B acQajbTOOETOHI, a
JUIi BHU3HAYEHHS TOBENIHKM CUCTEMH, NpHU
BuOOpi Buny GyHKIII OyaeMo BHUXOAUTH 3
npuHiuny — npocrotd  [7].  OcraHHbOMY
HalKpallle BiJINOBIAAIOTh MOJTIHOMIAIbHI MO
nopsiAKy m, siki it K-3MiHHHX ~ (hakTopiB
3aIUCYIOThCS, SIK:

k k k k k k
Y:au+2a|X|+z Zamx\xn +Z Z Zalﬂjxl Xn X] +"'+a12..kX1X2"'Xk+§
i=1 i=l Q=141 i=l Q=141 i=n+l (2)

ae o, @i, Qin, Ainj — KOEQIIEHTH 3HAYYHIOCTI
MOJITHOMIAIBHOT MOJIENI.

Y MareMartuuHy MOJENb BBEACHUHN JOJIAHOK &,
KU BioOpakae BIUIMB BHUITAJKOBUX (DaKTOPiB
Ha pe3yabTaTH  pPO3paxyHKy KoeQili€HTIB
3Ha4ymocTi mojeni. Bennunna & ne moxuOka
Mojeni abo 3anumok. Ll BeawymHa BHIIAIKOBa,
il MaremMaTU4yHe OYiKyBaHHS JOPIBHIOE HYIIIO, a
mucniepcist Sy2 # 0.

AHaNi3yl04l pe3yabTaTH 3a TaKOK MOJEIUIIO
Mae OyTH peasli3oBaHUMN MPUHITUIT BIAMOBIAHOCTI
a00 mpHHIUI ajekBaTHOCTI mMozeni [7]. Y pasi
HEaIeKBaTHOCTI 3aleKHOCTI (3), po3rasaaeThes
MO>KJIMBICTh TOOYZAOBU KBaAPATHYHOI MOJIEIII:
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core. In case of necessity 8 star points
should be added to the design.

Construction at empiric level [1, 9] of
mathematic model type [10] describing the
dependence of tension at asphalt-concrete
under the influence of traffic taking account
of factors which influence the pavement
tension state in accordance with the planning
matrix, will enable us to find stress rate in
particular points and achieve the objectives
sk 2° + 2«. regarding the choice of rational
pavement thickness.

The numeric experiment design is provided in
(table. 1).

The way to determine mathematic model
coefficients is the least squares method (LSM),
the application of which is justified [4].

This means that the model type is
determined beforehand as the structure of
“desired” created function is not completely
known. Selection of function class or type is
made basing on aprior information [8]. The
choice of type at the beginning of the
investigation is based on the theory of x;
linear factor influence on the investigated
response function value. Mathematic models
received in the experiment result are empiric
(statistical).

As statistical mathematic models are designec
not for description of mechanism measuring
the strain in the asphalt-concrete but for
definition of system behavior, we will judge
from simplicity principle when choosing the
function type [7]. Polynomial models of m
order correspond this principle the best and
are written for k-variable factors as follows:

k k k k k k
Y :ao +Zl:a\xl +z ZamXIXn +Z z Zalﬂjxl Xn Xj +'"+a12.kX1X2"'Xk +§
i=

)
where: ao, ai, ain, ainj — IS polynomial models
importance index.

Addendum ¢ reflecting the influence of
chance factors on the results of model
importance coefficient estimation has been
introduced into the mathematic model. ¢
value is a model margin of error or excess.
This value is randomized, its mathematical
expectation equals zero and dispersion
equals S, # 0.

In case we analyze the results using this
model the conformity principle or model
validity principle should be realized [7]. In
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k k k k
Y=a,+ ) aX+ > ax +y, > agk X, +¢
i=1 i=1+1 i=1l =i+l (3)

Posnonin momniB nedopmamniii B OPTOTPOMHIN
IJTUTI MOCTOBOT'O TIEPEXOY BiJl Ail TPAHCIIOPTY.
JlJis BU3HAYEHHS HAMPY>KEHOTO CTaHy MOKPHUTTS
MOCTOBOT'O nepexoy, BIJIIIOBITHO bi (o)
PO3paxyHKOBOi cxeMu (puc. 2) Ta BHUXITHUX
JaHUX HaBeJeHUX B Tabin. 1 Oylo BHKOHAHO
nocmikenHs no BusHaueHHI0 HJ/IC mokpurts
METOJ0M CKIHUCHHHX €JICMEHTIB, 3a
METOJIOJIOTI€I0 HABEJCHOK B OCHOBHUX PIBHSIX
(1-3), 3 3aCTOCYBaHHSIM MIPOrpaMHOTO
KOMILIEKCY Ansys.

Tunosuit MIPUKJIIA] pO3MOILTY [IOJIIB
nedopMmariii y 4acTWHI MOCTOBOTO IEPEXOIY
IIpU TPAHCIOPTHOMY HABaHTA)KEH1 HABEJEHO Ha
puc. 3. Ha ocHOBI OTprMaHHX pe3yJbTaTiB MOKHA
3poOUTH BUCHOBOK PO T€, 1[0 MAKCUMAJIbH1 TOJIS
nedopmariiii  po3MOBCIODKYIOTECS B KOHCOJIBHIM
YacTHHI crnopyau. MakcumanbHi  aedopmarrii
cknanaroth 10,9 mm. Taki pe3ynbTaTi 30iratoThest
3 JaHWMH, W0 OTpPUMaHi B  pe3yibTaTi
eKCIIEpIMEHTAIILHOT TepeBipky  aedopmartiii B
KOHCOJIbHIA YacTHHI MOCTa BiJl Aii TPaHCIIOPTY
[1, 10]. Otpumani naui cknagaTe 10 MM (UB.
puc. 3). Pizuuusa He nepesuinye 9%, 1m0 Moxe
CBIIYUTH TIPO JOCTAaTHHO BHCOKY 301KHICTH
pe3yNbTaTiB OTPUMAHHUX EKCIIepUMEHTANBHO [1,
10] Ta Ha mozeni.

&%
Total Deformation

ype: Total Deformation
Unit

15e+003 5e+003 {mm)

3,75e+003

Pucynok 3 — Iloms nedopmariii MOCTOBOTO
nepexoay Bij Aiil KOJiC TPaHCIIOPTHHUX 3ac00iB

Ha puc. 4 nokasani pe3yibTaTu €KBIBaJICHTHHX
Halpy>XeHb TOKPUTTA Ta METAIOKOHCTPYKIIIi,
sgKka BignoBimHO Mae Ourbm 3Haunuii HJIC.
ExBiBaJIeHTH1 HampyXEeHHS, B OKPEMHUX MICIISIX
ckJ1agaTh 01u3bko 80 MIla.

Hampyxeno-gedopmMoBaHuii  CTaH  MOKPUTTSA
MOCTOBOTO  TEpeXOqy B 30HI  KOHTaKTY
TpaHcropty. THMOBI pe3ynbTaTH BU3HAYEHHS
HOPMAJIbHUX PO3TATYIOUUX HAMpPYXEHb, IO
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case there is correspondence inadequacy we
consider the opportunity to design a
quadratic model:

Y=a0+iaixi+zk:aﬁxf +Zk: iainxi X, +¢ (3)
Deformation  fields distribution in
orthotropic slab of bridge crossing under
action of traffic.

In order to measure pavement tension state
of the bridge crossing in accordance with
design model (Fig. 2.) and initial data
provided in (table. 1).

The investigation has been carried out to
estimate pavement stress-strain state using fine
element method and methodology provided on
the mail levels (1-3) with the application of
Ansys bundled software.

Atypical example for deformation fields
distribution in one of the bridge crossing
sections under traffic load is provided at (Fig. 3).
Basing on the results received we can
conclude that maximum deformation fields
are distributed in the cantilever arm of the
structure. Peak strain makes 10.9mm. These
results coincide with the data received in the
result of the experimental test of
deformation in the in the cantilever arm of
the bridge under traffic load [1, 10]. The
data received is 10mm (Fig. 3). The
difference does not exceed 9% that can be
indicative of the rather high reproducibility
of the results received in experimental way
[1, 10] and from the model.

&%

Tatal Deformation
Type:Tota Deformation
Unit-mm

Tome: 1
BEANDD

25¢+003 5e+003 {mm)

Figure 3 — Fields strain bridge from the
action transport

The provided results (Fig. 4) of equivalent
stress in the pavement and steelworks,
which accordingly has more essential stress-
strain state. Equivalent stress in some points
make approximately 80 MPa.

Bridge crossing pavement stress-strain state in
the traffic contact surface.The following stage
of the investigation should measure stress-
strain state in the traffic contact surface and
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II0Th B TOKPUTTI, SKEe pO3TAllOBaHE Ha
OPTOTPOIHIA TUIMTI, BIAMOBIAHO JO JaHHUX
po3paxyHKoBOTro mosioskeHHst Nel (tabu. 2).

&%

Equavalent Sress P
Type: Equivalent {von-Mises) St

Unit: MPa
Time: 1
1B021233

80,088 Max
LS
62281

5339

88988 L25e+083 3754003

8.8793-5 Min

Pucynok 4 — Pesynaptat  poO3paxyHKY
eKBIBAJICHTHUX HANpYy)KeHb B TOKPUTTA Ta
METaJIOKOHCTPYKIIi{

Haii0inpii 3HaYeHHS pO3TATYIOUMX HAIPYKEHb
CIIOCTEpIraloThCs B KOHCOJBHIA  YacTHHI
MOCTOBOTO Tiepexoy (st qaHoro Bunaaky 4,07
Mlla, npu ToBmuHI mapy 90mm, tucky 0,8 Mlla
Ta MOIyJs HpyXHOCTi marepiamy 7000 MIla),
TOMY Hajajll OyAeMO poO3IJsaTH 3HAYCHHS
CaMoro KpaitHbOTO I’ sITHA KOHTaKTy
TPAHCHOPTY 3 MOKPHUTTAM Ha KpaiHii mpasii
noJioci pyxy. OlLiHKa BIUIMBY ()aKTOPIB HA 3MIHY
PO3TATYIOUMX HAIPY)KEHb B MOKPHUTTI MOCTa B
pe3ynpTaTi Al  Ha  HBOIO  TPAHCIOPTY.
3aBJIaHHAM € OLIHUTH, 5Ki K 3 BHUILEHABEIEHUX
(akTOpiB BIUIMBAIOTH Ha 3MIHY pPO3TATYIOUHX
HamnpykeHb B MOKPUTTI B pe3ynbTaTi Aii Ha
HbOT'O TPaHCHOPTY. 3a OTPUMaHUMU
pe3yabTaTaMH, 3aCTOCYBABIIM IOJIHOMIaJIbHY
MoJIeNb i 4-3MiHHHX (akTopiB THILy (3), Oyio
OTPUMaHO pPIBHSAHHS perpecii s BHU3HAYECHHS
3MIHH pO3TATYIOUMX HaIlpYy)XeHb B BEPXHIX
rapax MOKPUTTS MOCTOBOTO TIEPEXO.TY:

Gpy=421 — 0,55x; + 0,481, -0,3x5 + 0,45
+0,056 x. - 0,039 x2-0,049 x2+0,031 X% (4)

OCKiNBKM OTpHMaHa MaTeMaTUYHa MOJCTh €
EMIIPUYHOI0 (CTATUCTUYHOK), II€ 3yMOBIIOE
000B'I3KOBE BUKOHAHHS CTATUCTUYHOTO aHAJI3Y
il pe3ynbTaTiB.

[IpaBunpHa  00poOKa Ta  BUKOPUCTAHHS
pe3yabTaTiB  YUCEIBHUX EKCHEePUMEHTAIbHUX
JOCIIKEHb MOJKJIMBI TUIBKM y BHIAJKY, KOJU
aucriepcii B KOXKHIM TOYII JOCHIAY OJHAKOBI
(omHOPiAHI). [TepeBipka OJTHOPIHOCTI
JAMCIePCiii BUKOHYEThCS Ha OCHOBI [3].
[TepeBipka 3aKOHY po3mnoaury
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bridge crossing pavement (tabl. 2).

&9
Equivalent Sress
Type:Equivalent fon-Mises)
Urit:MPa
Time:1
BBAIURR

80088 Max
L
62281

339

s 12564083 3754
88793 5Min

Figure 4 — The results of calculation of
equivalent stresses in pavements and metal

The typical results of normal tension stress
measurement, acting in the pavement
locating on the orthotropic slab, are in
accordance with the design parameters.
The highest tension stress values are in the
cantilever arm of the bridge crossing (in this
case,07 MPa, at the layer thickness 90mm,
presser 0,8 MPa and material elasticity
modulus 7000 MPa), for this reason we will
further consider the farthest contact patch
value of the traffic with pavement at the
right outer lane.
Estimation of factors influence on the
change of tension stress in the bridge
pavement in the result of traffic impact. Our
task is to estimate which of the above
mentioned factors influence the change of
tension stress in the pavement in the result
of traffic impact.
On the base of the data received and having
applied polynomial model for 4 variable
factors type (3) we have received regression
equation to measure the change of tension
stress in the top layers of bridge crossing
pavement:
op=4,21 —0,55x1 + 0,48:x2-0,3-x3+ 0,45:x4
+0,056 X, - 0,039 x2-0,049 x2 +0,031 X2
(4)
As the received model is empiric one
(statistical), this  fact  predetermines
obligatory performance of its results
statistical analysis.
The correct processing and application of
the numerous experimental investigation
results can be done only in case when
variances in each investigation point are the
same (homogeneous). The check of
variances homogeneous is made on the base

[3].



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

eKCIIEpUMEHTAIbHUX 3HAa4eHb B KOXHIN cepil
MOBTOPHUX JOCIHIJIB IPOBOAWIACH IUIIXOM
MOPIBHSHHS BiJHOIIEHb JUCHEPCiii KOXKHOTO
IUIAaHOBOT'O JIOCIIAY JO CyMapHOi aucrepcii
eKCIepUMEHTY 3  TAaONUYHUM  3HAYECHHSIM
Koxpena [7], mpu nepeBUIICHHI 3HAYCHHSI TKOTO
EKCIIEPUMEHTH, PE3YJbTAaTH SKUX BIAMOBITAIOTH
HEOJHOPIHUM  JUCHEPCisiM, TOBTOPIOBAINCH
3aHOBO, a B IHIIOMY BHWIIQJKy TiloTe3a Ipo
OJTHOPIAHICTB AMCHEPCiH MpUMaach.
IlepeBipka aucnepciii mo kputepito Koxpena
nojsrae 'y HactynHomy. Cepen BH3Hau€HHMX
OLIHOK JWCHepCiii 3Hai/IeHO MakCUMalbHYy Ta
BH3HAYEHO BIJHOIIEHHS HAWOUIBIIO] OLIHKHU
JMCTIEPCii 10 CyMH BCIX OIIIHOK Aucriepcii [1].
AHami3 cTyneHs BIUIMBY BHUXITHUX (DaKTOpiB
X1...X4 Ta ix xomOiHamiii Ha 3MiHY 3HAa4YEHb
HOpPMAaJIbHUX PO3TATYIOUMX HAIPY)KEHb IO OCl
OX B BepxHbOMY WIapi TOKPHUTTS JJO3BOJISE
3pOOMTH BHUCHOBKHM IpO Te€, IO CEepHO3HUH
BIUIMB YMHSTH: 3MCHIICHHS TOBIIWHU MOKPHUTTS
Ta MOIYJIsSl TPYXKHOCTI MOKPHUTTSA, a TaKOX
3pOCTaHHS THUCKY BiJ TPAaHCIIOPTHUX 3ac00iB Ta
JiaMeTpa I’ ITHA KOHTAaKTY.

Hamwmm ~ 3aBmaHHSM ~ CTOITh ~ BH3HAYHUTH
palioHaJIbHi 3HAUY€HHS TOBILWHU MOKPUTTS, abu
3HAYCHHS HOPMAaJIbHUX PO3TATYIOUYHX
HanpyxkeHb 1o oci OX B BepxHbOMY HIapi
MTOKPUTTS Oymu JOMTyCTUMUMH Ta
MiHIMaJTbHUMH.

3a  pesymbraTaMM BHKOHAHUX  YHCEIbHUX
JOCHIUKeHb HaBeAeMO TpadiuHi 3aJeXHOCTI
3MiHM HOPMAJIBHUX PO3TATYIOUHX HANPYKEHb B
HOKPHUTTI TpH 3MiHI ToBumHK mapy h. Ha puc.
puc. 5, puc. 6 moOymOoBaHAa 3aJIEKHICTDH
HOPMAJIbHUX  PO3TATYIOUMX  HAlpyXeHb B
MOKPHTTI MPH 3MiHI TOBIIMHY 1apy h mpu THcKy
Ha mokpurtsa 0,8 MIla Ta niamerpi KOHTakTy
300 mm.

45

£=0,8 MIla

4.167 E=7000 D = 300 MM

Hanpy:xenna. MIla
¥

0 75 80 85 90

ToBIHHA TOKPHTTA /i, MM
Pucynok 5 — 3MiHa HOPMAJIBHUX PO3TATYIOUHX
Halpy>XeHb B TOKPUTTI MPU 3MiHI TOBIIUHHU
mrapy h
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The check of test values distribution law in
each series of replicated experiments was
carried out by the way of variance ratio
comparison in each planned experiment and
summarized experiment variances  with
Cochren [7] tabulated point. In case the
Cochren tabulated point is exceeded the
experiments, results of which coincide with
heterogeneous variances, were repeated again
in other case the hypothesis of homogeneity of
variances was accepted.

The variances check in accordance with
Cochren’s criterium is as follows. Among the
variances  definitive estimate the maximum
value should be found and the ratio of the
maximum variance estimate to the sum of all
variance estimates is determined [1].

The analysis of the initial data X1...X4 and its
combinations influence level on the change of
normal tension stress values along the axis OX
in the pavement top layer enable us to
conclude that the decrease of pavement layer
and pavement elasticity modulus as well as
increase of presser from traffic and contact
patch diameter seriously influence the process.
Our task is to determine pavement thickness
rational values in order for the normal tension
stress values along the axis OX in the
pavement top layer to be assumed and
minimum.

Basing on the results of numerous
experiments performed we provide a
characteristic curve of the normal tension
stress values change in the pavement under
the condition of layer thickness change h. At
(Fig. 5, Fig. 6) you can see a characteristic
curve of the normal tension stress values in
the pavement under the condition of layer
thickness change h at the presser of 0,8MPa
on the pavement and contact diameter
300mm.

45

P=0,8 Mlla

4.167 E= 7000 D = 300 My

Hanpyxenna, MITa
J

0 75 80 85 90

TosmHa HOKPUTTS /I, MM
Figure 5 — Changing the normal tensile stresses
in the pavement layer with the thickness h
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4.5
4 P=08MIa | = 7000 | -~
h=80nm \7 e -
E,; L A JETEEN
£ 3.6/~ E=5500
% Ceet : —
£33 /,/\
= E=4000
="
360 330 300

Jiametp mramma D, am

PucHok 6 — 3MiHa HOpPMAJIBHUX PO3TATYIOUMX
Halpy>kKeHb B TOKPHUTTI TNPH 3MiHI JiamMeTpa
mramna D

AHami3 TakuxX 3aleXHOCTeH  MIATBEpIKYE
NPOTHO3 TPO T€, IO 30UIBIICHHS TOBIIMHU
11apy HOKPUTTS MPHU3BOIUTH JIO 3MEHLICHHS
PO3TATYIOYM HAINPY>KEHb B HbOMY (pHC. 7).
AHai3 3anexHoctel (puc. 8) 103BoJIsiE 3p0OUTH
BHUCHOBOK NP0 T€, IO CYTTEBHH BIUIMB MOXE
YUHUTHU JiaMeTp mrTamna. 3 Horo 30UIbIIEHHIM
PO3TATYIOUH HaNpPyKEHHS 3pocTaroTh Bix 3 MIla
no 4 1 Ouible, 3 ypaxyBaHHSIM 30UTbIIEHHS
MOJTyJIsl IPYKHOCTI MaTepiaiy.

OxpiM  aHamizy okpemMux (akropiB il
TPAHCHOPTY HA 3MiHY PO3TATYIOYH HANpyXEHb,
OLIIHUMO KOMOiHaIito Aeskux ¢akTopiB. Ha Hamr
MOTJISA, HAOLIbII BaXIJIMBUM € IIPOaHaJi3yBaTu
OolHOYacHUM BIUB X1 — TOBIIMHU WIAPY
noKpuTTs, h, MM Ta X4 — niaMeTpa mramiy, npu
cepenHix 3HadyeHHsx Tucky 0,8 Mlla, ta E
=5500 MlIla. Pe3ynbTat HaBeneHi Ha puc. 9,
puc. 10.

HanpyxeHns, MMa
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Figure 6 — Changing the normal tensile
stresses in the pavement by changing the
diameter punch D

The analysis of such dependence confirms
the assumptions that the increase in the
pavement thickness layer causes the
decrease of tension stress in it (Fig. 7).

The analysis of such dependence (Fig. 8)
enables us to conclude that stamp diameter
can seriously influence. As this stamp
increases the tension stress increases as well
from 3MPa to 4 and more, taking account of
the material elasticity modulus increase.
Except for the analysis of separate factors of
traffic influence on the change of tension
stress, let us estimate the combination of
some other factors. From our point of view
the most important thing is to analyze the
simultaneous influence of X; — pavement
layer thickness, h, mm and X, — stamp
diameter, under the average values of presser
0.8 MPa, and E =5500 MPa. The results are
reflected at (Fig. 9, Fig. 10).

B
]
[=]

|

-
N
[

Hanpyxenns, MMa
Y
k=]
&

0,8
@akTop X2

0.2
(Twck BiA

1,0
tparcropTy, Ma)

0.9
0,8
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(Tmck BB TpancnopTy: MMa)

Pucynok 7 — 3MiHa HOpMaIbHUX PO3TATYIOUHX
Halpy>XeHb B TOKPUTTI MpPHU 3MiHI TOBIIWHU
mapy h ta THCKyY TpaHCHOPTY Ha MTOBEPXHIO
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Figure 7 — Changing the normal tensile
stresses in the pavement layer h with the
thickness h and transport to the surface
pressure
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Hanpysetns, MMa
Hanpysetns, MMa

Pucynok 8 — 3miHa HOpMAJIBHUX PO3TATYIOUMX Figure 8 — Changing the normal tensile
Hamnpy)XeHb B TOKPHUTTI HpPU 3MiHI TOBIIMHH stresses in the coating in the thickness of the
HOKPHTTS Ta Jiamerpa mrammna D pavement and the piston diameter D

Hanpywents, MMa
Hanpyxenns, MMa

PETOP X3 (monyne MpPYMsHGCT, Mria) PETop X3 (mogyne FpysHoCT, Mriay

Pucynox 9 — 3MiHa HOPMAJIBHUX PO3TATYIOUHX Figure 9 — Changing the normal tensile

Hanpy)XeHb B TOKPHUTTI TPU 3MiHI TOBIIWHH stresses in the pavement in the thickness of

MOKPHTTS Ta MOJYJISl TPY>KHOCTI MaTepiaia the pavement and elastic modulus of the
material

5.0 5.0

4,5

4,5

4.0 4,0

Hanpyxenns, MMa
Hanpyxenns, MMa

3,5 3,5

3.0 3,0

1,0 0.9 1.0 0.9
Paxtop X2 (Tuck na nosepxHio, Mila) Paxtop X2 (Tuck Ha nosepxHio, Mila)

Pucynok 10 — 3MmiHa HOpPMaJbHHUX PO3TATYIOUHX Figure 10 — Changing the normal tensile
Hampy>XeHb B TMOKPUTTI TpH 3MiHI THCKYy Ha stresses in the pavement when the pressure to
HOKPHUTTS Ta JlaMeTpa ITamiia cover and piston diameter

Takox  TmpoOBENEHO  JOCTIDKEHHS  3MIHU At the research changed temperature asphalt
Temreparypu achaibTOOCTOHHOTO TOKPUTTS Ta pavement and orthotropic slab with thermal
OPTOTPOIHOT TUTATH 3a JIOITIOMOTOFO imaging equipment. Results of research
TEIUIOBi3iiHOrO  obnagHanHsA.  PesynbraTth shown in (Fig. 11).

JTOCJTIIPKEHb 300paxkeHo Ha puc. 11.
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Pucynok 11 — 3mina TemIiepaTypH OXOJOMKCHHS
acharbTOOETOHHOTO TOKPUTTS Ha OPTOTPOIHIii
TUTATI MOCTOBOTO TIEPEXOTY

BucHoBok

AHami3 pe3ynbTaTiB  JIOCHIIKEHb JI03BOJISE
3pOOHUTH BHUCHOBKH, M0 HAWMEHII 3HAYCHHS
PO3TATYIOUMX HANpy>KeHb B TMOKPUTTI Oyrne
CHOCTEpIraTUCh ~ HPU  TOBUIMHI  MOKPUTTS
90 mm Ta niamerpi mramna 300 mMm. ITpu npomy
HANPYXCHHSI B TIOKPUTTI HE TIEPEBUIIYBATHMYTh
3,7 MIla.
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Figure 11 — Changing the cooling temperature
of asphalt pavement on orthotropic slab bridge

Conclusions

The analysis of the investigation results
enables us to conclude that the minimum
tension stress in the pavement will be at the
pavement thickness 90mm and stamp
diameter 300mm. under this condition the
tension in the pavement will not exceed
3.7 MPa.
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YK 625.7/.8
Ounnmenko A.M., k-T TexH. Hayk, Bo3nmii C.I1.

METO/I BUBHAYEHHS KOE®IIIEHTA TEMIIEPATYPHOI TPINUHOCTIMKOCTI J1J14
YTOUHEHHA PO3PAXYHKY MOHOJIITHOI'O HEMEHTOBETOHHOT'O IIOKPUTTA
ABTOMOBIJIBHUX JTOPII'

AHoTaunisi. B maHiifi cTarTi 3amporoOHOBaHO METOJM 3 BH3HA4YCHHsS Koe(illieHTa TeMIepaTypHOi
TPIMIMHOCTIMKOCTI IleMeHTo0eTOHy. Lle M03BONHMIO YyIOCKOHATUTH YMOBY MIIIHOCTI NPH PO3PaxyHKY
MOHOJIITHHX IIEMEHTOOSTOHHUX TOKPHUTTIB 32 PaXyHOK MIIHOCTI Ha PO3TATYBaHHS NPU 3THHI OCTOHHY 3
BpaxyBaHHAM KOe(]iIlieHTY TeMIlepaTypHOI TPIIIMHOCTIHKOCTI. 3 METOI MiJABUIICHHS JOBTOBIYHOCTI
MOKPUTTS 3 MO3UIIIT TPIIMHOCTINKOCTI BiJl Aii KOJIC TPAHCIIOPTHUX 3aCO01B Ta TEMIIEPATypH.

O06’€exT AOCHTIIKEHHS — [IEMEHTOOETOHHE MOKPUTTS.

Meta pobotu - po3poOKa MeTOJy BHU3HAUEHHS KOEQIIEHTY TeMIEepaTypHOI TpPIIIMHOCTIMKOCTI
LIEMEHTOOETOHHY JUIsl yTOUHEHHS PO3paxXyHKOBOI MIITHOCTI HA pO3TATyBaHHS IPH 3THHI.

Metoau A0CIiIKEHHS — aHATITUKO — €KCIIEPUMEHTAIbHI.

Kuarouogi ciioB: [lemeHTOOETOH, KOS(DIIIEHT TEMITEPaTYPHOT TPIITUHOCTIHKOCTI, MIIHICTh Ha PO3TSAT MPH
3THUHI.

UDC 625.7/.8
Onishchenko A.M., Cand. Eng. Sci. (Ph.D.), Voznyy S.P.

ESTIMATION METHOD FOR THERMAL CRACKING RESISTANCE COEFFICIENT TO
ENSURE GREATER CERTAINTY OF CALCULATIONOF MONOLITHIC CEMENT
CONCRETE ROAD SURFACES

Abstract. This paper proposes a method to determine the coefficient of thermal cracking resistance. It
has allowed improving the condition of the strength in the estimation of monolithic cement concrete
surfaces due to the tensile strength of cement concrete in bending, taking into account the coefficient of
thermal cracking resistance. To improve durability of the surface as for cracking resistance to impact of
wheels of vehicles and temperature.

The object of study - cement concrete surfaces

Obijective of the paper - to develop a method for estimation the coefficient of thermal cracking resistance
of cement concrete, in order to make more precise the estimated tensile strength in bending.

Research methods — analytical and experimtntal.

Key words: cement concrete, thermal cracking resistance coefficient, tensile strength in bending.

YK 625.7/.8
Onumenko A.H., k-1 TexH. Hayk, Bo3ubiii C.I1.

METO/] ONPEJAEJIEHUA KOY®OUIUEHTA TEMIIEPATYPHOM
TPEHUHOCTOUKOCTHU JId YTOUHEHUA PACYETA MOHOJIMTHOTI'O
IONEMEHTOBETOHHOI'O ITIOKPBITUA ABTOMOBHWJIBHBIX T1OPOTI'

AHHOTanus. B 1aHHOW CcTaThe MPEANIOKEH METOA IO ONpeAeTeHHI0 KOdPQHUIUEHTa TeMIlepaTypHOR
TPEUIMHOCTOMKOCTH IEMEHTOOETOHA. DTO TO3BOJIMIO YCOBEPIICHCTBOBATH YCIOBHE IMPOYHOCTH TPHU
pacdeTre MOHOJHTHBIX I[EMEHTOOCTOHHBIX MOKPHITHH 3a CYET MPOYHOCTH Ha PACTSHKCHUE NPHU H3rHOe
OeroHa C ydeToM KOX(QQUIMEHTa TEMIIEPaTypHOH TpemuHOCTOMKOCTH. C TIeNbI0  TIOBBIIICHUS
JOJITOBEYHOCTH MOKPBITHS C TIO3UIUH TPSITHHOCTONKOCTH OT JEHCTBHS KOJIEC TPAHCIIOPTHBIX CPENICTB U
TEMITEPaTYPHI.
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OOBEKT UCCIIeIOBaHMS - IIEMEHTOOCTOHHOE TIOKPBITHE.

[lens paboThl - pa3paboTka MeTOJa OompeaeiacHus: KodpduiuenTa TeMnepaTypHOl TPEIIMHOCTONKOCTH
[IEMEHTOOECTOHA ISl YTOUHEHHSI pacYETHOM MMPOYHOCTH Ha paCTsHKEHUE TIPH U3THoe.

MeToapl MCCIIEIOBaHUS - AHATUTHKO - SKCIIEPUMCEHTAJILHBIC.

Kuatouesnie caoBa: [lemenT00eTOH, KO3PPUIIUEHT TEMIEPATypPHOH TPEIIMHOCTOMKOCTH, MMPOYHOCTh Ha

pacTsbKeHue Tpu u3ruoe.
Beryn

Sk BiIOMO, 1110 [IEMECHTOOETOHHE IMTOKPUTTS JIOPIT €
HaWOLIBIII  JTOBFOBIYHMM Y  TIOPIBHSHHI 3
ac(haabTOOCTOHHUMH TOKPUTTAMHU. BigmoBigHo 10
nporpamMu KMV 3 po3BHTKY aBTOMOOIIBHUX JOPIT
3arajipHOro KopuctyBanus Ha 2013-2018 poku [1].
SAxa mepenbavae OyAiBHUITBO, PEKOHCTPYKIIIIO,
PEMOHT Ta eKCILTyaTaIjiiHe yTpUMaHHS
aBTOMOOUIBHMX JIOPIr 3arajbHOrO KOPHUCTYBaHHS
3rigHO 13 CTaHJapTaMu, TPUBEICHUMH Y
BI/IMOBIIHICTh 13 CyYaCHHMMH CTaHIApPTaMHU SKOCTI1
JOPOKHBO-OYIIBETbHUX POOIT, 3 BUKOPHCTAHHSIM
HOBITHIX  TEXHOJIOTiM, METOHIB Ta  IHIIHX
JOPOXKHBO-OYMIBEIbHUX MaTepialliB BITYU3HIHOTO
BUPOOHUIITBA, BJIAIITYBaHHS JOPOKHBOTO
MTOKPUTTS Ha OCHOBI [IEMEHTOOCTOHHY,
MIJIBHUINCHHS €(EKTUBHOCTI  IHHOBAIIMHOI  Ta
HayKOBO-TEXHIYHOI JISJILHOCTI Ta 1H.

JlopoxHili onar He Moxke OyTu abCoNIIOTHO
TPIILIMHOCTINKUM, OJTHaK 3aCTOCYBaHHS
e(peKTUBHUX METO/AIB OOpoThOM 3 YTBOpPEHHS
TPIMIMH JT03BOUIIO O 30UTBIINTH TEPMIHU CIYXKOU
MOKPUTTIB, 3HU3UTU BUTPATH HA YTPUMaHHSI 1
PEMOHT 3a paxyHOK TMIJABUIIEHHA CTIHKOCTI
LIEMEHTOOETOHA A0 TPILHUH.

OCHOBHUMM MTPUYMHAMU PYHHYBaHb MOKPUTTS

y BUIJISII TPIIIMH BBaXKalOTh BIUIMB TPAHCIIOPTHHUX
HaBaHTa)XeHb,  Nepernagul  TeMIeparyp  BiJ
MO3UTUBHUX JI0 HETaTUBHUX, HU3bKI HEraTUBHI
TEMIIEpPaTypy, YTBOPEHHS MTyUHH.

3rigHo [2] 3 Cy4aCHUMH  YSBJIEHHSIMU
BH3HAYaJIbHUKM BIUIMB Ha HECydy 3JaTHICTh
JOPOKHIX TUIMT TpPHU 3TUHI MaloTh TPIINIUHU B
CTpyKTypi  O€TOoHy, sKI  PO3BHBAIOThCS  3a
MEXaHI3MOM  HOpMalbHOro BigpuBy. Ilporec
PO3BUTKY TpIIIMH Ma€ CTIHKUM Xapakrep, UIO0
CYIIPOBOJDKYETHCSI  TIOCTYMOBHM  HAKOMHYEHHSM
JIOKaJbHUX PyHHYBaHb. KOIM HaKOMMYEHHS MIKpO-
1 Makpose(eKTiB B CTPYKTypi OETOHY csArae meBHOT
KPUTUYHOI MEXi, YTBOPEHHS HOBHUX TPIIIMH 1
PO3BUTOK BXKE ICHYIOUHX BiZIOyBa€eThCs
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Introduction

Cement concrete road surface is known to
be the most durable as compared to
bituminous concrete pavement. According
to the program of the CMU on public roads
in 2013-2018 [1]. It specifies the
construction, reconstruction, repair and
operational maintenance of public roads in
accordance with the standards complying
with applicable regulations on quality of
road construction works, using the
advanced technologies, methods and other
road construction materials of domestic
production, installation of road surface
based on the cement concrete, increase of
efficiency of innovative and scientific
technological activities etc.

Road surface cannot be completely
cracking resistant, though application of
effective cracking prevention methods
would increase service life of surfaces,
reduce maintenance and repair costs by
improving the cement concrete cracking
resistance.

The main causes of surface cracking relate
to the impact of traffic loads, temperature
changes from positive to negative, low
negative temperatures, and the frost
heaving.

According to [2] modern concepts, the
decisive influence on the bearing capacity
of road slabs in bending refers to cracks in
the concrete structure, developing as
normal fracture. Development of cracks is
stable, alongside with the gradual
accumulation of local fractures. When the
accumulation of micro and macro defects in
concrete structure reaches a certain critical
level, formation of new cracks and
development of existing ones is performed
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JTABUHOMOIIOHO - 6eTOH pyiHYyeThCs. SKkmo OeToH
Mpaloe B Mexax MIPOTrHO30BAHUX
eKCIUTyaTaI[ifHIX HaBaHTAXKEHb, IIEH TPOIEC MOXKE
TpUBATH JECSITKU POKIB. [TpuckopeHHs
pyliHyBaHHS  BiIOyBa€Tbcs 3a  MEPEBUIICHHS
pPO3PAaxXyHKOBHX  HAaBaHTaKEHb 1  IMOCWJICHHS
arpecuBHOi Jii TEMJIOBOJIOTICHUX 1 KOPO3IMHHX
YUHHHKIB.

OTxe, TOBrOBIYHICTh OETOHHOI IUIMTH TPH 3THHI
BHU3HAYACTBCA YacoM ab0 KUIBKICTIO IIMKJIIB
CyMapHOi J1ii HABaHTKCHHS 1 30BHIINIHIX YAHHUKIB
BiJl MOMEHTY 3apO/KEHHS TPIIIMHM 0 MOYaTKY ii
HECTINKOI0 pO3IMOBCIOPKEHHS.

TpilmMHOCTIWKICTH IIEMEHTOOCTOHHY npu
OaraTopa3oBUX TEMIEpPaTypHUX 1 BOJOTICHHUX
BIUIMBaX MAa€ BEJIMKE 3HAYCHHS VI JIOPOXKHIX,
TPAHCIIOPTHUX  Ta  IHIIUX  KOHCTPYKIIH 3
MepiOIMYHUM 3BOJIOKEHHSM. Bimomo, 1o nuKIidHi
BIUTUBY TTO3UTHUBHUX TEMIIEPATYP 1 BOJOTH 3HAYHO
MIPUCKOPIOIOTH pyHHYBaHHS OeToHy B
KOHCTPYKIisX. OQHAK BIUIMB TaKUX YWHHUKIB Ha
BUTPHUBAIICTD 1 TPIIIMHOCTIHKICTh OETOHY BUBYECHO
MaJio.

[Ipu BHcHXaHHI BOJOHACHYEHOTO OETOHY BHHUKAE
IPaJIi€EHT IO MEPEeTHUHY OETOHHOIO eNeMEHTa, IO
3YMOBIJIIOE TIOSIBY BHYTPIIIHIX HAmpyr BHAcCIHiJOK
KanuIsipHOi ycaaku, Tak 1 pizHOi nedopMOBaHOCTI
MOBEPXHEBUX 1 BHYTPILIHIX 30H.

Y noBepxHEBOMY BHCHXAarO4oMy IMIapi OeToHYy
BUHUKAIOTh HANpYyXEHHsS PO3TATY, II0 JOCSATalTh
25-30% Bixm Mexi MIIHOCTI Ha PO3TAT MpPHU 3THHI
Ri. Y pa3i GaraTopa3oBoro HOBTOPEHHS IIMKIIIB
3BOJIOKEHHSI - BHMCHXaHHS B CTPYKTypl O€TOHY
HAKOMUYYIOTHCS MIKPOTIOIIKOKEHHS 1 TPIIUHU. Y
MEBHUX yMOBax HAaNpyrd BiJ 30BHIIIHHOTO
HaBaHTAXEHHS MOXYTh CKJIAJaTHCS 3 HaIpyrolo
B/l KaluIApHOI yCaJKH, IO CTBOPIOE HEOE3MEeKy
nepeayacHoro pyiHyBaHHS MaTepiany (OeToHy), a
BIJIMOBIAHO 1 BC1€T KOHCTPYKIIIT [3].

[IpakTnunuii nocBin Bukopuctanus BBH B.2.3-
218-008-97 [4] Bka3dye Ha HEOOXITHICTH HOTO
VIOCKOHAJICHHS, a CcaMe METOAWKY PO3PaxXyHKY
MOHOJITHHX I[I€MEHTOOCTOHHHX TIOKPHUTTIB 32
paxyHOK koedirienTa TeMITepaTypHOi
TPIIMHOCTINKOCTI.
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incrementally and concrete is fractured. If
the concrete operates within the estimated
operating loads, this process can take
decades. Acceleration of fracturing occurs
at design loads exceeding and increase of
aggressive action of thermal, humidity, and
corrosive factors.

Thus, the durability of concrete slab in
bending is determined by time or the
number of cycles of total loading and
external factors, from cracking until
unstable development.

Cement concrete cracking resistance under
repeated temperature and humidity effects
is of high importance for road, transport
and other structures with periodic
moistening. Cyclical influences of positive
temperatures and moisture are known to
greatly accelerate the fracturing of concrete
in structures. However, the impact of these
factors on durability and crack resistance
of concrete is slightly studied.

Drying of water-saturated concrete causes
gradient over the cross section of the
concrete element, resulting in internal
tension due to capillary shrinkage, as well
as different deformation of surface and
internal areas. Tensile strength occurs in
the drying layer of concrete, reaching 25-
30% of the tensile strength limit R in
bending. In case of multiple repeated cycles
of moistening - drying, the structure of
concrete accumulates micro fractures and
cracks. Under certain conditions, the
tension of external load may add to tension
of capillary shrinkage, resulting in the
threat of early fracture of the material
(concrete), and, therefore, the whole
structure [3].

Practical experience of application of ICS
V.2.3-218-008-97 [4] points to the need for
its improvement, namely the method of
estimation of monolithic cement concrete
surfaces by the coefficient of thermal
cracking resistance.
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AHaniz myOaikanii

HocBin  ekcrutyaramii  JOPOXKHIX — OASTIB 3
EMEHTOOETOHHUM IMOKPUTTSAM IOKAa3aB, 110 CTPOK
ix cmyxOu mepeBumye ouikyBaHuil. Tak,
MPOEKTHUH CTPOK CIYKOM TaKuX IOKPUTTIB B
OimpIIOCTI KpaiH panime ctaHoBwio 20 pokiB, a
(hakTUYHHI CTPOK B cepeaHboMy mo 19 mraram
CIIA 27 pokis, B ABctpii — 30 pokis, B Himeuunni
1 BemukoOputanii 35 - 45 pokiB. VY
BenukoOpuTanii po3paxyHKOBHH CTPOK CIyxOu
[IEMEHTOOCTOHHUX TOKPHUTTIB paxyiTh 40 poKiB
[5]. 3a meit dac acdarbTOOETOHHE MOKPUTTS
HEOOXI1THO JCKUJIbKa Pa3iB MEPEKPUBATH 3aXHWCHUM
mapoM 1 B 0ararbOX BHIAJKAaX KaIliTaIbHO
pemontyBaTH [5].  SIKiCTHP JIOpOXKHIX OJSTiB,
0e3rmocepeIHbO BILTMBAE HA YMOBY 1 O€3MEKy pyXy
TPAHCIOPTHOTO 3aco0y, BU3HAYAETHhCS Oaratbma
¢dakropamu. OnHak, HaBITH CyBOpE IOTPUMaHHS
HOPMAaTHUBHUX BHMOT 1 TEXHOJIOTiIH BUPOOHHUIITBA
pobiT mpu OymiBHHNTBI 1 eKCIUTyaramii, SK
MpaBWJIO, HE B CTaHI BUIIPABUTH PO3PAXYHKH,
JIOMyHIeHHs Ha crafii mpoekryBaHHs. Came
e(EeKTUBHICTh MPOEKTHUX PIllIEHb B 3HAYHOMY
CTYINIEHI BHW3HAYa€ HAMIAHICTG 1 JOBrOBIYHICTH
nopoxkHix onsariB [5]. [lutaHHSM MpOEKTyBaHHS
KOPCTKUX JOPOKHIX OJSTIB IMPHUCBSYEHI POOOTH
0araTboX BITUM3HAHUX 1 3apyODKHMX BUEHHX,
takux sk: B.K. Amectun, O.T. barpakos, A.T.
barpakoBa, FO.M. Bacunbes, LII. I'amemsx, C.K.
l'onosko, E.A. T'yzeeB, b.C. PanoBchkuii, B.M.
Panyxin, B.K. JXnantok, C.H.JleonoBuu, I'.B.
ManeBaHCKUH, B.B. Mo3srosuii, B..
Kazapnosckuii, M.C. Koran3os, C.JM. Cononxuii,
B.M. Sfpowmko, I1.I.Tenses, C.M. Tonmauos, O.I'.
Octposepxuii, A.O. Camb, Ta iH. [2,4-9].

B VkpaiHi po3paxyHOK MOHOJITHUX OETOHHHUX
MOKPUTTIB BUKOHYIOTH 3rifHO 3  Bimomdoro
OyniBeTbHOTO HOpPMaTUBY [4], sKuil momsrae y
MOPIBHSIHHI PO3pPaxXyHKOBOI MIIIHOCTI O€TOHY Ha
PO3TAT MPH 3TUHI 3 MAaKCUMaJIbHUM HAPY>KCHHSM,
10 BUHUKA€E B JOPOKHIN MJIUTI HA MPYXKHII OCHOBI
BiJ Jii HaBaHTaXXEHHs 1 Mepenajy TeMmIeparyp 3a
TOBIIMHOO [UTUTH.

Po3paxynkoBa  MinHICTb  O€TOHY  JOpIBHIOE
3HAQYECHHIO KJIaCy MIIHOCTI IIEMEHTOOETOHY Ha
postar mpu 3ruHi (Byp)3 ypaxyBaHHAM JBOX
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Analysis of publications

Previous use of cement concrete
surfaces proved exceeding of expected
service life. Thus, the design service life of
such surfaces in most countries amounted
to 20 years, while the actual service life
lasts in average 27 years in 19 US states, 30
years in Austria, 35 - 45 years in Germany
and the UK. In the UK the estimated
service life of cement concrete surfaces is
accounted as 40 years [5]. During this
period the bituminous concrete pavement
shall be covered with a protective layer for
several times, and in many cases it shall be
overhauled [5]. The quality of road surfaces
directly affects the condition and safety of
the vehicle and is determined by many
factors. However, even strict adherence to
regulatory requirements and technologies
of work at construction and operation is
generally unable to correct the estimations
and assumptions at the design stage. Just
efficiency of design solutions to a large
degree determines the reliability and
durability of road surfaces [5]. Design of
rigid road surfaces is the subject of papers
of many domestic and foreign scholars,
such as: V.K. Apestyn, O.T. Batrakov,
A.G. Batrakova, Yu.M. Vasyliev, I.P.
Gameliak, S.K. Golovko, E.A. Guzeev,
B.S. Radovsky, V.M. Riapukhin, V.K.
Zhdaniuk, S.N. Leonovych, G.V.
Malevansky, V.V. Mozgovy, V.D.
Kazarnovsky, M.S. Koganzon, S.Y.
Solodky, V.M. Yaromko, P.l. Teliaev, S.M.
Tolmachev, O.G. Ostroverckhy, A.O. Sall’
and others [2,4-9].

In Ukraine the estimation of monolithic
concrete  surfaces complies  withthe
Industrial construction standard [4]; it is
based on comparison of the estimated
tensile strength of concrete in bending with
a maximum pressure, occurring in the road
slab on elastic foundation in result of the
load and temperature difference, by
thickness of a slab.

The estimated concrete strength equals to
the strength class of cement concrete in
bending (By), considering two empirical



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

emmipuyHuX KoedimieHTiB — BTOMHU OeToHy(Ky)i
ymoB  Habopy wminHocti  (Ky). Po3paxyHox
MOHOJIITHUX LIEMEHTOOETOHHUX HOKPUTTIB
MPOBOJATH MIJISXOM IMEPEBIPKH MIITHOCTI MOKPUTTS
3a hopmyoro [4]:

R PosP
K ; -
1)

ne K My - KOe(iIieHT MIIIHOCTI, 1110 BU3HAYAETHCA
3aJIe)KHO BiJ] KATETopii,
R PP .
1 - pO3paxyHKOBa MIIHICTh OETOHY Ha PO3TST
IIPU 3TUHI;
o pt - HAIPYKEHHS PpO3TATY @pPU 3IMHI, IO
Bl mil
nepenamy

BUHUKAIOTh y OETOHHOMY MOKPHUTTI
HAaBaHTAXCHHA, 3  ypaxXyBaHHSIM
TEMIIEpaTypH 10 TOBIIUHI IUIUTH.

Po3paxyHKkOBY MIIHICTP Ha pO3TATYBaHHS IPU
3TUHI LIEMEHTOOETOHHY BH3HAYaIOTh 3a
dbopmynoro[4]:

R =By -Ky - Ky, )

B Mocksi [7] po3paxyHKOBa MiIHICTb O€TOHY
JIOPIBHIOE 3HAUEHHIO KJIACy MIIIHOCTI OETOHHY Ha
po3tar mpu 3ruHi (Bw) 3 ypaxyBaHHSIM TpbOX
eMmipuuHux KoedimientiB Bromu Oerony( K, ),

( I'<H.[l.) Ta

TIePEeMiHHOTO 3aMOPOXyBaHHs Ta BigraBaums (K¢).
Omxe B  Pocii  po3paxyHKOBY  MILIHICTh

IIeMEHTOOETOHHA Ha pO3TAr npu  3ruHi(R/,“)

yMOB Ha0Opy  MIITHOCTI BILUIMBY

BH3HAYAIOTh 3a popMmyioro [7]:

Rslfcq =By, - KH.H. ) Ky ’ KF (3)
Sx BugHO 13 BUpa3y (3), 0 B HOPMAaTUBHOMY
JTOKYMEHTI PO3paxyHOK MOHOJIITHUX
IIEMEHTOOCTOHHUX  TMOKPUTTIB  HA  MIIHICTh
BUKOHYIOTh 3 ypaxyBaHHSIM Koe(illi€eHTa BILIMBY
MEPEMIHHOTO 3aMOpPOXKYBAaHHS 1 BiITaBaHHS, SKUN
MPUAMAETHCS (K. =0,95) €  y3araJbHEHUM
3HAQYCHHSIM 1 TPUAMAEThCS I BCIX BHIIB
[IEMEHTOOCTOHHY U pO3paxyHKy. Bukopucrtanus
Koe(illieHTy  (K.) JI03BOJIUTH  aJ€KBAaTHO

BpPaxoBYBaTH OILIIHKY MOpPO30CTIHKOCTI OETOHY Ta
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coefficients, i.e., fatigue of concrete (Ky)
and terms of concrete strength development
(Kwm). Estimation of the monolithic cement
surfaces is carried out by testing the
strength of surface, using the formula [4]:

posp
Ky < R;
i (1)

where K, is a strength coefficient,
determined depending on the category;

Rlp “Pis an estimated tensile strength of
concrete in bending;

0, is a tensile strength in bending, arising

in the concrete surface due to the load,
taking into account the temperature
difference, by thickness of a slab.

Estimated tensile strength of cement
concrete in bending is determined by the
formula [4]:

Rlpo3p:Btb.KM 'Ky | (2)

In Moscow [7] the estimated concrete
strength is equal to the tensile strength class
of concrete in bending (By), considering
three empirical coefficients of concrete
fatigue (K,), conditions of concrete

strength development (k, ) and the
effect of alternating freezing and defrosting

(Ke) | Thus, in Russia the estimated tensile
strength of cement concrete in bending

(R7\) is determined using the formula [7]:

Rﬁjw =By, Ky - Ky -Ke (3)

As seen from the expression (3), according
to the regulations, the estimation of
strength of monolithic cement concrete
surfaces is performed considering the
coefficient of influence of alternating
freezing and defrosting, (k. =095); it is a
generalized value and is accepted for
estimation for all types of cement concrete.
The use of coefficient (k.) will allow
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HasBHICTb 1 PO3BUTOK MIKPOTPIIIMH B HBOMY.
Januii koeQilieHT (K.) MOXe OyTu pi3HUM B
3aJ€)KHOCTI BiJ KOMIIOHEHTIB Ta J00aBOK, sKi
BUKOPUCTOBYIOThCS npu BUTOTOBJICHHI
[IEMEHTOOCTOHHY, 1I€ CYTTEBO MOXKE BIUIMHYTH Ha
aJICKBaTHICTh PO3PAXYHKY IOKPHUTTSL.

Bracniiok = mMKIiYHOrO  3aMOPOXKYBaHHSA 1
BiTaBaHHI O€TOHY, IO Ma€ MIKPOTPILIUHH,
BHHHKAE ICTOTHE MPUCKOPEHHS IHTEHCUBHOCTI HOTO
pYHHYBaHHS, TAKUMH THUTAHHSAMH 3aiiMajiCh Taki
BueHi: A.A. TonuapoB, @®.M. IBanoB, B.M.
Mocksin, O.4. bepr,I'.I. I'opuakos, O.B. Ymepos-
Mapmak, C.M. Tonmauos, B.II. Conos [10-14] Ta
IH. BCTAHOBJIEHO, 10 I  3a0e3ledeHHs
MOPO30CTIMKOCTI OETOHY BEIMKE 3HAYCHHS Mae

XapakTep TIOPUCTOCTI MaTepiany  (CTpyKTypa
KamuisipiB) Ta CTYNEeHb iX BOJOHACHYEHHS.
BBaxaerbcsi, 1m0 YMM =~ MEHIIE  KamispHa

MOPUCTICTh, THUM HIDKYE MNPOHUKHICTH OETOHY 1
BHIIIE HOTO MOPO30CTIMKICTb.

3rigao Jlep>kaBHOoMy cTaHmapTy Ykpainm [15]
ICHY€ TI’SITh METOZIB BU3HAYEHHS MOPO30CTIMKOCTI
LIEMEHTOOETOHHY, ISt JIOPO’KHBOTO i
aepoJPOMHOIO [EMEHTOOETOHHY  MiJIXOJUTh
Opyruil 1 TpeTih meToau. AJie i yTOYHEHHS
PO3paxyHKY MIITHOCTI Ha PO3TATYBaHHS MPHU 3THHI
LIEMEHTOOETOHHY JAHUM Koe(ILIEHTOM
MOpPO30CTIMKOCTI € HE TOUUIBHUM, TOMY IO BiH He
BpPaxoBy€  peaJbHUX  YMOBH  €KCIUTyaTarii
LIEMEHTOOETOHHOTO HOKPUTTS. Tomy 3
ypaxyBaHHSIM BUpa3y (3) NPONOHYETHCS YTOUHUTH
dopmyny (2) xoedilieHTOM  TeMmMmIepaTypHOI

I.b.
TPIIMHOCTIMKOCTI IIEMEHTOOETOHHY Kiar , SKHUI
BpPaxoBYy€ pealibHI YMOBHU €KCILTyaTallii MOKPUTTS
Ha aBTOMOOUTRHUX Joporax. BeaeHHsS gaHOTO

5.
KoeilieHTy Kigy JIO3BOJIUTh TIPU  PO3PAXYHKY
MOHOJIITHUX EMEHTOOETOHHUX MOKPUTTIB
MIBUIOUTA  HOr0  JOBTOBIYHICTE 3  IO3MIUIT
TeMmIepaTypHoi TpimmHOocTiHKOCTl. KoedimienT

TEMIIEPATYPHOI TPIIIMHOCTIMKOCTI BU3HAYAETHCS 32
aHajioroMm acgaiabTOOETOHY, IO HAaBEICHO B
Jep>KaBHOMY cTaHjmapti Ykpainu [16], sxuit
3ampornoHoBaHo npodecopom Moszrosum B.B.
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adequate considering of concrete frost
resistance and the presence and
development of micro-cracks in it. The
coefficient (k_) can vary depending on the

ingredients and additives, used for the
manufacture of cement concrete; it can
significantly affect the adequacy of surface
estimation.

Cyclic freezing and defrosting of concrete
with micro cracks causes a significant
acceleration of its fracturing. Following
scholars were involved to this issue: A.A.
Goncharov, F.M. lvanov, V.M. Moskvin,
O.Ya. Berg, G.I. Gorchakov, O.V.
Usherov-Marshak, S.M. Tolmachev, V.P.
Sopov [10-14] and others. They revealed
that type of porosity (capillary structure)
and degree of water saturation are of great
importance for frost resistance of concrete.
Less capillary porosity is considered to
ensure the lower penetrability and higher
frost resistance of concrete.

The State Standard of Ukraine [15]
specifies five methods to determine the
frost resistance of cement concrete; the
second and third methods are suitable for
road and airfield cement concrete. Though
such frost resistance coefficient is not
appropriate for greater certainty of the
estimation of tensile strength of cement
concrete; it does not take into account the
actual terms of use of cement concrete
surface. Therefore, taking into account the
expression (3), it is offered to make
formula (2) more precise, using the
coefficient of thermal cracking resistance

I.b.
of cement concreteKKTP , which takes into
account the actual operating conditions of
the road surfaces. Introduction of this

coefficient Ki at the estimation of
monolithic cement concrete surfaces will
enable to increase its durability within
thermal cracking resistance. The coefficient
of thermal cracking resistance is
determined according to the analogue of
bituminous concrete, specified in the State
Standard of Ukraine [16], introduced by
Professor Mozgovy V.V.
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Onuc metony

CyTh MeTo/y MOJISITae B OIIHIOBAHHI PYHHYBaHHS
CTPYKTYpHUX 3B’SI3KIB IIEMEHTOTOOETOHY MpH
MOBTOPHOMY  OXOJIO/DKEHHI 32  MOKa3HHUKOM
3MEHIICHHS MIITHOCTI Ha PO3TAT MPH BUTUHI MiCIsA
BIUIMBY Jil TEMIIEpaTypHUX HAlpyXeHb, IO
BUHUKAIOTh NP  HEMOXJIHMBOCTI  BUIHHOTO
ckopoueHHs (puc. 1) JOBXHHM 3pa3ka (aHAIOTIYHO
yMOBaM poOOTH [IEMEHTOOETOHY B TIOKPHUTTI).

1 - cranuHa; 2 - ynop; 3 - 'BUHT AJIs 3aKpiIUIeHHs 3pa3ka; 4 -
HIapHip; 5 HeMeHTOOETOHHUI 3pa3oK; 6 - MeTajieBa IIaCTUHA

Pucynok 1 - Cxema 3'eTHaHHSI [IEMEHTOOETOHHOTO
3pa3Kka 3 METaJeBOI CTAaHWHOIO /I BUNPOOYBaHb
Ha NUKIIIYHE OXOJIOMKEHHS

JInsi BUTOTOBJICHHSI IIEMEHTOOETOHHHX OalovoK
po3mipamu  40x40x160 MM, BHKOPHUCTOBYBAJIU
0eToH Bakkuil (apiOHo3epHuCcTHI) [17].

IIpu BuUrOTOBJEHHI OETOHIB MM IOKPHUTTIB
aBTOMOOUIBHUX JIOPII BUKOPUCTOBYIOTH LIEMEHTH 3
HOPMOBAaHUM MiHepaJoTriYyHUM CKJIaJIOM:
0€3OMINIKOBI ~ TMOPTIAHAIIEMEHTH Ha  OCHOBI
KJIIHKEPY 3 HOPMOBAHUM MIHEPaJIOTiyHUM CKJIaJIOM
3 BMICTOM Tpu KajblieBoro amtoMiHaty C3A B
KUTBKOCTI He Oinbiie Hixk 8 % 3a macoro —I1111-400-
H[18].

B sxocTi KpymHOro 3aloBHIOBada BHUKOPHUCTAIIN
me6inp ¢pakmii 5-10mm [19], skl MOBUHEH MaTH
cepennto ryctuny Big 2000 mo 2800 kr/m3.

Sk Tp1OHMI 3aIll0BHIOBAY st OeToHIB
[IEMEHTOOETOHHUX TOKPUTTIB BHKOPHCTOBYIOTh
MiCOK MmIbHUM mpuponuuit [20], 3 Momynem
kpynHocTti (Mk) Bix 1,5 no 3,25.

BomonementHe BimHOIIEHHST B OETOHHIN Cyminri
OJTHOIIAPOBUX Ta BEPXHHOTO IIApy ABOIIAPOBHX
MMOKPUTTIB MOBUHHO Biamosigatu B/I] <0,5.

Bupobneny cymim 3aknagaiots 'y ¢GopMH  Ta
BIOpYIOTH Ha BiOpOMaiiJaHYuKY. [Micns
VIIUTBHEHHS! HOXEM 3pi3yl0Th HAJIHMIIOK CyMiIli
Ha piBHI 3 KpasmMu (opmu. DopMy 3 CYMIIIIIO
KJIaJyTh B TPUMIIICHHS B SIKOMYy 30epiraerbcs
BilHOCHAa  Bojioricte  moBiTps  90-100% 1
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Description of the method

The method is based on assessment of
structural bonds of cement concrete at the
repeated cooling in terms of reducing the
tensile strength in bending after influence
of thermal tension, arising from the
impossibility of free shrinkage (Figure 1)
of the length of sample (similar to
operation conditions of cement concrete in
the surface).

1 - bed; 2 - support; 3 - screw to secure the sample;
4 - hinge; 5 - cement concrete sample; 6 - metal
plate

Figure 1 - Diagram of connection of
cement concrete with metal bed for cyclic
cooling tests

Heavy (fine) concrete was used for the
manufacture of 40x40x160 mm cement
concrete beams [17].

Cement with standard mineralogical
composition is used within the manufacture
of concrete for road surface, i.e., impurity-
free portland cement based on clinker with
standardized mineralogical composition
containing tricalcium aluminate C3A, not
more than 8% by weight — IIIII-400-H
[18].

5-10 mm road metal [19], with an average
density from 2 000 to 2 800 kg/m3, is used
as a coarse aggregate.

Compact natural sand [20], with fineness
modulus (Mk) from 1.5 to 3.25 is used as
fine aggregate for cement concrete
surfaces.

Water-cement ratio in concrete mixture of
single-layer and top layer of double-layer
surfaces shall correspond to W/C <0.5.

The produced mixture is put into moulds
and treated at vibratory plate compactor.
After consolidation, the excess mixture is
cut with the knife to level with the edges of
the mould. The mould with the mixture is
kept in the premise with relative 90-100%
air humidity and temperature of 18 + 2°C.
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temneparypa 18+2 °C. Ha 7-my n0o0y 3HIMaiOTh
onayyOKy 1 KiIaayTh OaJloYKd y TEXK came
npuMinienns. Ha 28-my 100y BupoOiieHi 6amouku
MOYMHAIOTh BUIIPOOOBYBATH.

Ha Topui 3pa3kiB NPUKPIIUIIOIOTE 32 JOIMOMOTO0
€MOKCHIHOTO KJICI0 METaJleBi MIIACTUHU PO3MIpOM
40 x 40 cm. IloriMm 1eMeHTOOETOHHI 3pa3Kh
3aHyprooTh Ha 30 XB. y MOCYIMHY 3 BOJIOO, SIKa
Mae temrepatypy (20£2) °C, TakuM 4UHOM, IIIOO
piBEHb BOAM Yy TMOCYAMHI OyB BHIIE NOBEPXHI
3pa3KiB HE MEHIIIE HiXK Ha 3 CM, ITCJI YOro 3pa3Ku
BCTAaHOBJIOIOTh Y BaKkyyMHIH yCTaHOBII, [ie
CTBOPIOIOTH 1 MIATPUMYIOTH THCK He Oinbine 2000
ITa (15 mm. pt. ct.) mpoTsirom 1 rox. Ilorim Tuck
JOBOJATH 10 aTMOC(EPHOTO 1 3pa3Ku BUTPUMYIOTh
y Tili camiil TOCyTUHI 3

BozoI0 3 Temmeparyporo (204+2) °C mpotsirom 30
xB. Ilicis 1pOro 3paskd LEMEHTOOETOHHI 3
METaJICBUMH  IJIAaCTHHAMH, BCTAHOBIIOIOTH B
cTaHMHY (puc.l) momepeaHbO TEPMOCTATYIOTh Ha
noBiTpi 3a Temneparypu (20 + 1) °C, micas uboro
YCYBAalOTh MO(MTH MK yImOpamMH Ta TBUHTaMH i
pa3oM i3 CTAaHMHOIO PO3MIIIYIOTh B MOPO3WJIbHIM
KaMmepi, y sKiil miaTpumytoTs Temmnepatypy -30 °C.
ITpu Takiit Temneparypi HEeMEHTOOETOHHHUH 3pa3zok
BUTPUMYIOTH TIPOTSITOM IIECTH TO/I.

ITicig 1poro 3pa3ok 3 METANEBOIO CTAaHMHOKO
BUIMAIOTh 3 MOPO3UJIBHOI KaMepu 1 BUTPUMYIOTh
Ha noBiTp1 3a Temmeparypu (20 = 1) °C npotsrom
niecTd roAuMH. Taky IHpouenypy OXOJIOJKEHHS -
HarpiBaHHA LIEMEHTOTOOETOHHOTO 3paska,
3aKpIIUIEHOTO MDK JBOMa YIOpamMH MeETaleBol
CTaHWHM 311HCHIOITH 10 pa3iB.

KoeogiuienT TemmepaTypHOi  TpPIIIMHOCTIMKOCTI
[IEMEHTOOETOHHY BU3HAYAIOTh 32 (POPMYIIOIO:

10yuxn
R‘U b RP
KTP R , (4)
p
R RlOum
ne - P, P - cepemHe 3HAa4YCHHS TPaHMIII

MIITHOCTI Ha pO3TAr NpH 3TUHI BIANOBIIHO [0
BIUTMBIB ITUKJIIYHOTO OXOJIO/KEHHS 1 TIICIIS HUX.

I'panuio MIIHOCTI Ha pO3TAr TpU  3THHI
[IEMEHTOOCTOHHUX  3pa3KiB  BHU3HAYAIOTh  MpHU
mBuakocTi  gedopmyBanHs 100 Mm/xXB i
obuncmooTs B MIla 3a hopmynoro:
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On the seventh day the mould is removed
and beams are kept in the same premise.
The 28th day is the start of tests of the
produced beams.

40 x 40 cm metal plates are attached with
epoxy adhesive to the face end of the
samples. Then the cement concrete samples
are immersed into a containerfor 30
minutes, where water temperature is (20 +
2) °C; the water level in the container shall
be at least 3 cm above the sample surface.
Further the samples are set in the vacuum
system with pressure less than 2 000 Pa (15
mm Hg) for 1 hour. Then the pressure is
brought to atmospheric one and samples are
kept in the same containerfor 30 minutes,
where water temperature is (20 £ 2) °C.
Then cement concrete samples with metal
plates are installed in the bed (Figure 1),
with preliminary thermostatic control at
temperature of (20 + 1) °C; further the
plays between supports and screws are
eliminated and the samples with the bed are
placed into the freezing chamber, with the
constant temperature of -30 °C. Such
temperature is ensured for the cement
concrete sample for six hours.

Then, the sample with a metal bed is
removed from the freezing chamber and is
being kept at air temperature of (20 + 1) °C
for six hours. Such procedure of cooling -
heating of cement concrete sample attached
between two supports of metal bed is
repeated 10 times.

The coefficient of thermal crack resistance
of the cement concrete is calculated by the
formula:

10yuxn
R‘U-E- — Rp '
KTP R , (4)
p

10yxn
where 7, 7 refer to the average
value of the tensile strength limit in
bending, under the influence of cyclic
cooling and after it respectively.

Limit of tensile strength of cement concrete
samples in bending is determined by the
rate of deformation of 100 mm/min and is
calculated as MPa by the following
formula:
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3xF xI
s =5 X 1072
2xbxh (5)
ne F - pyiiniBae naBantaxenns, H; | - Bimcrans

MK OImopamu, cMm; b - mupwHa 3paska, cM; h -
BHCOTa 3pa3Ka, CM; 102 - Koe(iIieHT mepepaxyHKy
y MlIIa.

Po30ikHOCTI ~ MK  TphOMa  MHapaleIbHUMHU
BUNIPOOYBaHHSIMU HE TIOBUHHI mepeBuiryBatu 10
%.

Biamosigao mo ¢opmyn (2) ta (3) ocraTouHuUiA
BHpa3 yTOUYHEHOI (POPMYIIH 3 PO3PaxXyHKY MIITHOCTI
Ha pO3TATYyBaHHS TPU 3THHI I[EMEHTOOCTOHHY 3
BpaxyBaHHSIM KoeilieHTy TEeMIEPaTypHOT
TPIIIMHOCTIMKOCTI TMPOMOHYETHCA BH3HAYATH 34
dbopMmyIor0:

Riposp =By, - KM ) Ky ) R'[l{[ff;' . (6)

ToMy po3paxyHOK MOHOJITHHX IIEMEHTOOCTOHHHX
MMOKPHUTTIB MPOBOAATH IUIIXOM MEPEBIPKH MIITHOCTI
MOKpUTTS 3a Bupazom (1) 3 ypaxyBanuasM popmynu
(6) 1 mMpomNOHY€EThCS YyTOYHEHA YyMOBA MIIIHOCTI 3a
3aJIeKHICTIO:

_By-Ky K, KL

M = S
t
P (M
BucnoBok
3anponoHOBaHO METOJ 3 BH3HAYEHHS Koe]illieHTa
TEMIIEpaTypHOI TPIIIMHOCTINKOCTI JUTS
[IEMEHTOOETOHHY.

YTouHeHa ¢opmyna 3 po3paxyHKY MIIHOCTI Ha
pO3TATYBaHHS TpPH 3TUHI I[EMEHTOOETOHHY 3a
paxyHOK BBeJEHHS Koe(illieHTy TemIepaTypHOi
TPIMIMHOCTINKOCTI.

VY 10CKOHaNEHO 3arajlbHUN BHpa3 YMOBH MIITHOCTI
IpU PO3paxyHKy MOHOJIITHHX IEMEHTOOETOHHHUX
MOKPUTTIB 32 PaxXyHOK MIITHOCTI Ha PO3TATYBaHHS
IpU 3TUHI OETOHHY 3 BpaxyBaHHSAM Koe(illieHTY
TeMITEpaTypHOi TpimMUHOCTIHKOCTI. Lle m03BONMHTH
MIBUINUTA  JOBILOBIYHICTL LEMEHTOOETOHHOIO
MTOKPUTTS 3 TO3UITIT TPIIMHOCTINKOCTI B Ti1 KOJIIC
TPAHCHOPTHUX 3ac00IB Ta TEMIEPATYPH.
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:&Xlleo_z
P 2xbxh , (5)
where F - breaking load, N; | - distance

between bearings, cm; b - width of the
sample, cm; h - the height of the sample,
cm; 107 - re-calculation coefficient, MPa.

The differences of three parallel tests shall
not exceed 10%.

According to the formulas (2) and (3), the
following precise formula is offered as the
final expression to estimate the tensile
strength of cement concrete in bending,
taking into account the coefficient of
thermal cracking resistance:

R1p03p =By, - KM ) Ky -Kff;ﬁ' . (6)

Therefore, the estimation of monolithic
cement concrete surfaces is carried out by
testing the strength of surface by expression
(1) taking into account the formula (6) and
then, upon dependence, the more precise
condition of strength is offered:

_ By Ky Ky Kigp
M = 5
” )

K

Conclusion

The paper offers the method of determining
the coefficient of thermal cracking
resistance.

There is provided more precise formula of
estimation of tensile strength of cement
concrete in bending due to introduction of
coefficient of the thermal cracking
resistance.

There is improved the general expression of
strength at the estimation of monolithic
concrete surfaces due to the tensile strength
of concrete in bending, taking into account
the coefficient of thermal cracking
resistance. It will improve the durability of
the cement concrete surface as for cracking
resistance to impact of wheels of vehicles
and temperature.
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YK 625.7/.8
Onuenko A.M., kaua. TexH. Hayk, Pisnivenko O.C.

HIJIBUINMEHHA KOJIECTIMKOCTI AC®AJTBTOBETOHHOI'O IIOKPUTTS 3A
PAXYHOK BUKOPUCTAHHSA NOJIIMEPHOI'O B’S2KYUYOI'O

AHoTanifg. Y cTaTTi po3MIAAAEThCA JOCTIUKEHHS B J1Ta0OPaTOPHUX YMOBAX BIUIMBY ITOJIIMEPHOTO
OITyMHOTO B’SDKY4Oro Ha KOJIECTIHKICTD PI3HMX THIIB ac(hanbTOOETOHHUM BHKOPUCTOBYIOUH
MOKa3HUK KomniHOCTI. [IpoBeneHi nocaiKeHHs Pi3HUX THIMIB APIOHO3EpHUCTOrO achaibToOeTOHY 3
MaKCHUMQJIbHUM PO3MIpOM 4YacTHHOK 3epeH 10 MM 3 momiMepHO-O0ITyMHUM B’SDKYyYHM 1 OiTymMOM
HadroBuMm aopoxkHiM BHJI 40/60 no HakonmuyeHHS 3aaUIIKOBHX JedopMallid y BUIIAII Kojii. B
pe3yNbTaTi 40ro, BCTAHOBJICHO, 1110 ac(aabTOOETOHH 3 MOJIIMEP-0ITYMHUM B’ SDKYYUM MalOTh B Maibke
B 1,5-2 pa3u MeH1Ie Koo, HK A5 acanpTodberony 3 6itymom bBHJI 40/60.

KawuoBi cioBa: acdanbroderon, B’sokyde Polygum, KoOmiiHICTB, MpoNEaypHd BHIIPOOYBaHHS,
MIMOMHA KOJIii, 3a€KHICTh MIIHOCTI 34YeIIEHHS.

UDC 625.7/.8
Onischenko A.M., Cand. Eng. Sci. (Ph.D.), Riznichenko O.S.

INCREASING RUT RESISTANCE OF ASPHALT PAVEMENT BY USING
A POLYMER BINDER

Abstract. This article deals investigate in laboratory conditions effect of polymer bituminous binder
on rutting resistance of different types asphalt concrete using rutting measure. It includes research
different types of fine-grained asphalt concrete with a maximum particle size of grains of 10 mm
with asphalt polymer binder and oil bitumen BND 40/60 till accumulation of residual strains in form
of rutting. This indicates that studied asphalt concrete with polymer binder have in almost 1.5-2
times less rutting than asphalt concrete with bitumen BND 40/60.

Keywords: asphalt concrete, Polygum binder, rutting, procedure of testing, rutting depth, strength
of adherence depending.

YK 625.7/.8
Onunmenko A.H., kanz. Texd. Hayk, Pusaudenko A.C.

MOBBIIIEHUE KOJEECTOMKOCTU ACPAJIBTOBETOHHOI'O ITOKPBITHSA 3A
CUYET UCHIOJIB30OBAHMSA NOJIMMEPHOI'O BAKYIIEI'O

AHHoTauus. B cTatbe paccMmaTpuBaeTcs HccleOBaHUS B J1a0OPATOPHBIX YCIOBUSAX BO3JEHCTBUS
MOJTMMEPHOTO OMTYMHOTO BSDKYIIETO Ha KOJEECTOWKOCTh Pa3lIMUHBIX THIIOB ac(harbTOOETOHHOB
UCTONB3ys  TOKas3arenb KosueidHocTH. IIpoBeneHHBIE  HCCIENOBaHMUS  PA3MUYHBIX  THUIIOB
MEJIKO3EPHHUCTOTO ac(ambTOOETOHa C MaKCHMalbHBIM pa3MepoM 3epeH 10 MM C TOJMMEpHO-
OUTYMHBIM BSDKYIIUM M OuTyMOM He(TsHbIM a0pokHbM BH/I 40/60 x HaKomjIeHHIO OCTaTOYHBIX
nedopmaruii B Buje kojied. B pe3ynbrare 4ero, yCTaHOBIICHO, YTO ac(aabTOOETOHBI C MOJIHMED-
OUTYMHOTO BSDKYILETO UMEIOT B MoyTH B 1,5-2 pa3a MeHbIIe KoJjer, yeM I acaabToOeToHa C
outymom BHJI 40/60.

KiroueBble ciioBa: acdanbTo0eToH, BspKymiee Polygum, KoieWHOCTh, MpOLEAYpHl HCIIBITaHUS,
riTyOuHa KOJIeH, 3aBUCHMOCTD TPOYHOCTH CIICTIIICHUS.
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AKTyauapHicTh mpoOaemu. Ha noporax
3arajJbHOTO KOPHCTYBaHHS YKpaiHW B OCTaHHI
POKH  CIOCTEpIraeThCs  CTIHKE  3POCTaHHS
MIEPEBE3CHh BaHTAXXHUX TPAHCIOPTHUX 3acO0iB,
10 TPHU3BOJAUTH 10 HAKOMMYCHHS 3aJIHUIIKOBUX
nedopMarii y BUINISAAI  KOMIM B IMapax
ac(hanbTOOETOHHOTO MOKPHUTTS, OCOOJIMBO TpPHU
BHUCOKUX JIITHIX TEMIIEpaTypax.

[Topymenns MOTIEpeYHoi  PIBHOCTI B
achanbTOOCTOHHOMY TOKPUTTI Yy BUIUIAII KOJIH
CTBOpIOE  HeOe3neuHi yMOBH ISl BOJIHHSA,
HANpPHKIIAJ, ICHYE TiIBUINCHUNA PH3UK BTPaTH
KepyBaHHS TPAHCIOPTHUM 3acO00M Tl 9ac 3MiHU
CMYr'H pyxXy, Ml Yac MaHEBpiB (HampuKIas,
o0TiH), 3acTiii BOAM B KOJii MOXXE HMPUBECTH IO
aKBaIlJIAHYBaHHS KOJIeca TPAHCIIOPTHOTO 3aco0y 1
B pe3yJIbTari - HeOe3neuHoro BoAiHHs. Kpim Toro,
3aCTili BOJW B KOJIii MPU3BOIUTH 0 HEOE3EYHOTO
ii OUTBII IHTEHCHBHOTO PO3BUTKY, B3HMKY IIE
yTpyAHIOE e(eKTHBHE BHIAICHHS CHIYy Ta
KpW)KaHUX BIJKJIAJCHb, 30UIBIIYE KOB3aHHS B
CMYTax pyxy 1 3HIKY€E O€3IeKy.

3rizHo [1-4], komis € HaHOLIBII CKJIaJHHM
BUIOM nedopwmariii, Horo mosiBa Ha "moporax €
HEMPUUHATHOIO, 1 YTBOpEHa KOJisl IOBHHHA
TepMiHOBO OyTH ycyHeHa". Lle Bka3ye Ha Te, 110
acanpTo0eToH 31 3BuuaitHum Oitymom (bH/I) He
3aBXKIM BIAMOBITAE BHUMOTaM CTaHAApTIB. Y
IIbOMY BHIAJIKY, CJiJl 3a3HAUYUTH, 10 IS TaKuX
JIOPIr TUIBKU SKOCTI OiTyMy 1 acanbTo0eTOHy He
3aBKJM  JIOCTaTHBO, 1100 3a0e3meuuTu  sK
JIOBTOBIYHICTb, TaK 1 CTIMKICTH 0 HAKOIMYECHHS
3aJIMILKOBUX nedopmartii, BOJIO- i
MOpPO30CTINKICTh acdanbTobeTony. HasBHI pi3Hi
Moaudikatopu i 6iTymMy 1 acanbToOOETOHHUX
cyMminmied B YKpaiHi, 110 J03BOJISIIOTH 3HAYHO
30UTBIIMTH  KOJIIECTIHKICT ac(anbToOeTOHIB 3
OiTyMOM, SIKI BIJTIOBINAIOTH CTaHAAapTaMm. Takum
YUHOM, TOCTIKEHHS KOJIITHOCTI
acanbTOOETOHY, MPOTHO3YBAaHHS 1HTEHCHUBHOCTI
Komi B acanbTOOETOHI €  aKTyaJlbHUM
3aBIaHHSIM

AHaJIi3 OCTaHHIX A0CTIi/IKeHb
3rigHo [1, 5] B 3a1€KHOCTI Bi KaTeropii J0pir i
MOCTIB BHUKOPUCTOBYIOTH DI3HI THUIIM 1 BHUIU
acanbTOOCTOHY, SIKI PO3PI3HIIOTHCS 3a KUIBKICTIO
KPYITHOTO 3allOBHIOBayYa (TPaBito).

BUNPOOYBaHb
Pi3HOIO

pe3ynbTariB
achanbTOOCTOHY 3

[opiBHAHHS
KOJIIECTIHKOCTI
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Urgency of a problem. On general use
roads of Ukraine in recent years there has
seen a steady increase in traffic of heavy
vehicles which causes accumulation of
residual strains in form of rutting in layers of
asphalt coating, especially during high
summer temperatures.

Violation of transverse equality in asphalt
pavement in the form of rutting creates
dangerous conditions for driving, as: there is
increased risk of loss of vehicle control
while crossing over a track, during
maneuvers (eg overtaking), stagnant water
in a rut can lead to hydroplaning wheels of
the vehicle and as a result - dangerous
driving. In addition to safety reduction
stagnant water in a track leads to its more
intensive development, in the winter it
complicates efficient removal of snow and
ice deposits, increasing slip in strip rolling
and reduces safety.

According [1-4], rutting is the most
difficult type of strain, its appearance on
"roads in operation is unacceptable, and
emerged rutting is to be urgently
eliminated”. This indicates that asphalt
concrete with ordinary bitumen (BND) does
not always meet requirements of standards.
In this case, it should be noted that for such
roads critical standard of quality for bitumen
and asphalt concrete is not always enough to
ensure both producibility, resistance to
accumulation of residual strain, water and
frost resistance of asphalt conctere. The
current range of different modifiers for
bitumen and asphalt concrete mixtures in
Ukraine allows significantly increase rutting
resistance of asphalt concretes with bitumen
which are in compliance with standards.
Therefore, research rutting asphalt concrete,
prediction of intensity of rutting in asphalt
concrete is urgent task.

Analysis of recent research
According to [1, 5] depending on category
of roads and bridges, they use various types
and kinds of asphalt concrete which differ in
number of coarse aggregate (gravel).
Comparison results of stability tests of
asphalt concrete with different gradation
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KUTBKICTIO mIeOeHI0 HaBeneHo B [1]. ABropu mux
JOCITIKEHb CTBEPXKYIOTb, 1o cepen
npiOHO3epHUCTHX  acalbTOOCTOHIB — HallHMKYA
rIIMOMHA KOJIis € TUIIOBOIO VIS TUIY A, a HaiBHIIA
— nmo Tumy B. [Ilimanuii acdanbrodbeToH
XapaKTepU3yeThCsl HAMBUILOIO TIIMOMHOIO KOJIi B
MOPIBHAHHI 3 JPiOHO3EPHUCTHM
acdanprodberonom, Tak micis 25 000 mpoxoxdi
KoJieca Juis TUIY A TirOuHa Kol B 2 pa3u HIKYE,
Hik a1 tun [, Pesynapratm  BUnpoOyBaHb
[MOKa3aJIx, 1[0 TIIHOMHA KOJII 1 MOKa3HUK MIIIHOCTI
Ha ctuck npu 50 °C, B SIKOCTI KPHUTEPIIO OIMOPY
3CYBY 3HAXOJAATHCS B IPOTUPIYYI.

3a pe3ynapTaraMu JIOCIIKEHb, MPOBEIACHUX B
XHAZLY [1-3], Ha KomiecTIHKICTh acPaTbTOOETOHY
BEJIMKWN BIUIMB Ma€ B’sDKyda pedoBUHA (OITyMm).
Tak, K0 KUTbKiCTh 0iTYyMy 3MeHIIUTH 3 6,4% 110
4,6 %, rimOuHa KoMl B acambToOETOHI Ticis
30000 mpoXo/pKEeHb KoJieca 3MEHINYEThCs Bia 14
MM 110 6 MM. TakuM YHHOM, CIOCTEPIra€ThCs
npsMa  (eKCTpeMaibHa)  3aJICKHICTh pu
BH3HAYCHHI BIJHOIICHHS MDK TJIMOMHOIO KOJIi 1
BMICTOM 0iTyMy, Ha BiIMIHY BiJ pe3yJbTaTiB MpPU
BUTIPOOYBaHHI Ha 3TMH 1 BU3HAYCHHI PEOJOTIYHUX
XapaKTEpUCTHK [4].

Merta JaHOro AOCHIIKEHHS — JIOCHIJUTH B
1abOpaTOpHUX YMOBAaX BIUIUB MOJIMEPOITYMHOTO
B’sDKy4oro Ha ocHOBI Polygum Ha komiiiHicTh
pI3HUX THUIIIB achalbTOOETOHY 3 BUKOPUCTAHHSAM
BIJIIOBITHOrO 00JIaqHAHHS.

Ha Kagenpi JOPOXKHBO-OY11BEIBHUX
marepianie 1 ximii HTY Oyau mnposeneni
JOCIIIKEHHS PIOHO3epHUCTOrO ac(aabToOeTOHY,
SIKMH 3T1JHO CTaHIapTy BITHOCATH 110 TUly A, b, B
i mebeHeBo-mactukoBuii achamst (ILIMA) 3
MaKCUMAaJIbHUM PO3MIpOM YacTHHOK 3epeH 10 Mm
[7, 8] 3 BUKOPHCTaHHSAM IOJIMEPOITYMHOTO
B''DKydoro Ha ocHoBi Polygum 1 nHadtoBOTO
nopoxuboro 6itymy BHJI 40/60 mis Bu3HaueHHsS
HAKOMHWYEHHS 3JIMIIKOBUX JepopMaliiil y BUIIIAIL
KoJIii.

BunpoOyBaHHs ~KOJECTIMKOCTI MPOBOAMIM  3a
JOTIOMOTOI0  CEKTOPHOTO TIPECy, pPO3pOOIIEHOTO
JIHTILI Hop’sakicte 1 HTY (puc. 1), 3a qonomororo
METaJIeBOr0 KoJieca, Ha SKHi CTBOPIOBAJIU THCK
0,8 MIla, oo nmepenaBaBcs Ha acPaTbTOOCTOHHUIMA
3pa3ok. Lle# THCK eKBiBaJICHTHUI HAaBaHTA)KEHHIO
Al (57,5 kH) npu Temneparypi + 55 °C 1 pizHiit
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before rutting are given in [1]. The authors
of these studies claim that among these fine-
grained asphalt concrete the lowest depth of
rutting is typical for type A and the highest —
to type B. Sand asphalt concrete is
characterized by the highest rut depth
compared to the fine-grained asphalt
concrete, while after 25 000 passes depth
rutting from wheel of type A 2 times lower
than type D. The results of tests showed that
rutting depth and indicator of compressive
strength at 50° C, as criteria shear resistance
are in contradiction.

As the results of studies conducted in
HNADU [1-3], rutting resistance of asphalt
concrete is greatly influenced by binder
(bitumen). As the number of bitumen from
6.4% to 4.6% depth of rutting in asphalt
concrete after 30,000 wheel passes is
reduced from 14 mm to 6 mm. So, in
determining dependence between depth of
rutting and bitumen content in asphalt
concrete was observed maximum (extreme),
in contrast to results when tested for
resistibility and determining the rheological
characteristics [4].

Obijective of this research — investigate
in laboratory conditions effect of bituminous
Polygum binder on rutting resistance of
different types asphalt concrete using rutting
measure.

At the Department of Road Construction
Materials and Chemistry NTU were
performed research of fine-grained asphalt
concrete, which in grading composition
related to types A, B, V and stone-mastic
asphalt (SMA) with a maximum particle size
of grains of 10 mm with asphalt binder
Polygum™ and oil bitumen BND 40/60 till
accumulation of residual strains in form of
rutting.

Rutting test was carried out by sector press,
developed by SSTC Doryakist and NTU
(Fig. 1), and loaded on a metal wheel with a
pressure of 0.8 MPa, which is transferred
asphalt concrete sample. This pressure is
equivalent to load Al (57.5 kN) temperature
of +55 °C and varying the number of passes
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KUTBKOCTI MPOXOJIIB KOJIeCa Ha OJHOMY CIiIy B
OpsIMOMY 1 3BOPOTHOMY  HampsIMKy  3a
METOJIUKOIO, OIMCAHOI0 B [5].

@di3uyHi  Ta  MEXaHIYHI  BJIACTUBOCTI
MOiMEPOITYMHOTO  B'SDKyY4Oro  Ha  OCHOBI
Polygum 1 6irymy HadTOBOro JOPOXHBOTO
BHJI 40/60, saxi Oynu  OpudAHATI IS
NPUTOTYBaHHS acalbTOOCTOHHUX CyMIlIel TUITY
A, b, B 1 IIIMA HaBeneni B Tabmuiti 1.

Pucynok 1 — Cxema mpucTporo I BUIIPOOyBaHHA Ha
KONIiECTiIHKiCTE  acanmpToOeTOHy 1 HAKONWYCHHS
3aMIITKOBUX Aedopmartiii: 1 - BumpoOyBanbHe Kojeco, 2 -
MeTaineBa opMma 3 - maTyuk redopmarii

Tadmuusa 1 — ®i3uyHi i MexaHIYHI BIACTHBOCTI OITYMHOTO

B’SKY4YOTO
BuacruBocri Polygum  BH]JI
40/60
IMenerpais npu 25 °C, 0,1 MM 59 56
;l"gMnepaTypa PO3M’SIKIIIEHHSI, 82 53
PostsokHicTs, ipu 25 °C, cM 72 49

Enacrtuunicts npu 25 °C, % 96 -

[Tpu BU3HAUEHHI KOMIECTIMKOCTI TOCIIIKYBaHOTO
acanbro0eToHy 3 moisiiMep OITYMHHM B SDKYYUM
Ha ocHOBi Polygum i 6itymom BHJI 40/60 Gyna
Bi3HAaueHa TEHIEHIUA MO 3OUIBIIEHHS IVIMOMHU
KOJIIIHOCTI 31 301UIBIIICHHSIM YKcTia IPOXOIiB Kojieca
npu Ttemmeparypi 55 °C (puc. 3, 4). Orpumani
pe3ynabTaTd MOKa3yloTh, IO ac(haibTOOETOH 3
noyiMepOiTyMHUM — B’sbkuuuM — Polygum  Ginmbin
KomecTifikuii. Sk ToOka3aHO Ha pPHUCYHKY 3
acanbrobeToH Ty A 3 MOMIMEpOITYMHUM
B’sokyunM Polygum micis 20 THcsy  mpoxopiB
KoJsieca Mae TIHOuHy Koiii 3,24 MM, a i Tuny A
Ha ocHoBi 6iTymy BH/I 40/60 BigmosigHo 1o puc. 4
MIMOMHA KOJTii cKTamae 6,48 MM.
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wheels on one track in forward and reverse
direction by the method described in [5].

Physical and mechanical properties of

bituminous Polygum binder and road oil
bitumen BND 40/60, adopted for the
preparation of asphalt mixtures of types A,

B, V and SMA are given in Table 1.

[

WA

Figure 1 — Scheme of the device for testing resistan
asphalt concrete to accumulation of residual strains
test wheel, 2 - metallic form 3 - strain sensor

Table 1 - Physical and mechanical properties of

bituminous binder

Property Polygum BN

40/
Penetration at 25 °C, 0,1 mm 59 !
Softening point, °C, 82 t
Ductility, at 25 °C, sm 72 ¢
Elastic recovery at 25 °C, % 96

In determining rutting of studied asphalt
concrete with asphalt Polygum binder and
BND 40/60 was noted trend of increasing
depth of rutting with increasing number of

wheel passes and temperature of 55 °C (Fig.

3, 4). Obtained results show that asphalt
concrete with asphalt binder Polygum is less
rut resistant. As shown in Figure 3 asphalt
Type A with asphalt binder Polygum after
20 thousand wheel passes has rutting depth
of 3.24 mm, and for Type A asphalt with
bitumen BND 40/60 according to Figure 4
rutting depth is 6.48 mm.
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BJIACTUBOCTI

Tabmuua 2 — @Di3uuHi 1 MexXaHiyHi  BJIACTHBOCTI

acdanapToOeToHy
Tun A Tun b Tun B IIMA

B i 1S 1< IS

JIACTUBICTH g) E g g) § g % % g é g g
2 B9 § ®Wg F mg g =%
o o o

Bononacuue

wns, %z 16 19 5 18 162054 g

s 5 5 0

06’eMOM 2

Miunicts

IIPU CTUCKY,

Mlla, npu

20 °C 59 51 74 53 78 55 53 472

50 °C 2,8 139 29 14 31 14 26 14

5 5 7 5 5

Koedinient

BOJIOCTIMKOC 1,0 1,0 1,0 0’99 1,0 0’99 10 10

T1

OnTuManbHU

# BMiCT

Gitymy B 5,6 62 60 65 63 67 60 62

acdanproder
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Physical and mechanical properties of
asphalt concrete are given in Table 2.

Table 2 — Physical and mechanical properties of

asphalt concrete

Type A Type B Type V SMA

Propert

" 508 598 5985 o
Water
saturation, % 1,6 19 152 185 165 200 26 18
for volum
Critical
compression
strength,
MPa, at
20°C 59 51 74 53 78 55 53 42
50 °C 2,8 139 295 145 31 147 2, 145

65

Coefficient of
prolonged 1, 415 10 99 10 099 10 10
water 9
resistanc
Optimal
content of
bitumen 5,6 62 60 65 63 67 60 62
binder in
asphalt,%

7

wNY™® m3E-24xF + 2E-19xF - SE-15" » TE-11x1- SE-07 = 0,002% = 0.129‘

R =0,8584

Depth of the track w(N), mm
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Figure 3 — Dependence of rutting depth on number of
wheel passes in the studied asphalt concrete with polygum

binder
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JlaHi TOKa3yloTh, IO ac(aabTOOETOH 3
B’ sokyurM Polygum (puc. 3) marwTh Maibke B
1,5-2 pa3u MeHIe Ko, Hik achaabTOOETOH 3
oitymom BHJI 40/60 (puc. 4). Takox Ha OCHOBI
pe3ynbTaTiB J0CipKeHHs (puc. 3, 4) TOCiHKEeHO
BIUIUB BMICTY IeOCHIO Ha IHTCHCHUBHICTh
YTBOPEHHS KOJIii puc.5.

- w .\\\\\\

TadnHa Kol w(lN), MM
(=2
+

25 35 45 55 65
IediHn, %o
0 EHT 40/60 D POLYGUM

Pucynox S5 - 3anexuicte rmmOmHn Komii micias 20000
MPOXO/iB KoJieca A achanbTOOCTOHIB 3 PI3HAM BMICTOM
me6eHIo

BucHoBxku
Pesynpratu AOCHiKEHh TOKa3ylOTh, IO

KpUTEpIH  KONIMHOCTI AyXe YyTIUBUH [0
B's3kocTi  OiTymMHMX  B'sDKyumx. lLle  cmig
BpaxoByBaTH IpuU MPUTOTYBaHHI  OITYMHHUX
cyMmimied Ui pI3HMX  KJIIMaTMYHUX  YMOB

ekcruTyararlii achaabToOETOHHOTO TOKPUTTS.

Bei  pocmimkyBani  acanbToOeToHI 3
B’ sokyuyuM Polygum marots B 1,5-2 pasu meHie
rMUOUHy Koumii, HiK acgaibTo0eTOHU 3 OITyMOM
BHJ140 / 60.

Takox BCTAaHOBJIEHO, IO 31 301LILIICHHAM
BMICTy 1Ie0eHI0 B ac(anbToOETOH1 3 B’ SKYyUYUM
Polygum, nanpuxnazn, 3 66 % mebeHto riauOuHa
komii ckmamae 2,5 mMm, a npu 27% 1ebeHro
roubnHa Kojii ckiaamae Bxe 5,79 M. Takum
YMHOM TJIMOMHA KOJII 31 3MEHIIEHHSIM KUILKOCTI
mebeHro 301IbImIacs B 2,3 pasi.

Jlitrepatypa
1. XKnantok B.K., Auenko B.M., Uyryenko C.A.,
Bonosuk 0.0. Jlo nuraHHS [OpO METOIU

OL[IHKH Ta IMOKa3HUKHU 3CYBOCTIMKOCTI1 //
Apronuraxouk Ykpaiau - 2008. - Ne 3. - P.28-30.
2. XXmanmrok B.K., Jlanenko B.M. CriiikicTb
ac(ambTOOETOHIB PI3HUX THUIIIB J0 HAKOIMHYCHHS
mIacTUYHUX nedopmarii 'y Bumsim  komi //

196

This indicates that studied asphalt
concrete with Polygum binder (Fig. 3) have
in almost 1.5-2 times less rutting than
asphalt concrete with bitumen BND 40/60
(Fig. 4). Also based on the results of the
study (Fig. 3, 4) the influence of gravel
content on intensity of asphalt concrete
rutting Fig.5.

10

/

Depth of the track w(N), mm

(3]

45 55 65
Gravel, %
. BND 40/60 [ Polygum

Figure 5 — Dependence of rutting depth after 20,000
wheel passes in studied asphalt concrete on gravel
content

Conclusions

Research results indicate that rutting
criterion is quite sensitive to the viscosity of
bituminous binders. This should be taken
into account for preparation of bituminous
mixtures for different climatic conditions of
asphalt pavement operation.

All studied Polygum bituminous binder
have 1.5-2 times less rutting than asphalt
with BND40/60 bitumen.

It is also found that with increasing
content of gravel in asphalt with Polygum
binder for example with 66% gravel rutting
depth is 25 mm, and with 27% gravel
rutting is 5.79 mm. Rutting depth with
decrease of gravel increased 2.3 times.
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YK 625.72
Panyxin B.M., kaua. TexH. Hayk, Capkican I'.C.

OCOBJIMBOCTI BUBHAUYEHHA MIHHICHUX I JE®@POPMATUBHUX XAPAKTEPUCTHK
HTAPIB HEKOPCTKHUX JOPOZKHIX OJAT'IB 3A KPUBUMMU ITPOI'MHIB

AHoOTauis. Y CTaTTi pO3MISIHYTO OCOOJMBOCTI BU3HAYEHHS MIIHICHUX 1 1e(pOPMATUBHUX XapaKTEPUCTHK
miapiB  JOPOKHBOTO OATY 3a KPUBUMH TNPOTHHIB. [IpoBeneHmii aHami3 iCHYIOYMX METOJIB OIIIHKH
MIIHOCTI JTOPO’KHIX OJATiB. 3ampONOHOBAaHUN HOBUM YIOCKOHAJCHHH METOJ PO3PaxyHKY HEKOPCTKHX
JIOPOKHIX OJISITIB 32 KPUBOIO MPOTHHIB 3 YPaxyBaHHSM PO3MOAUIBYOI 31aTHOCTI TOKPUTTS 1 OCHOBH.

OO0’ €exT AOCTIIKEHHS — HEKOPCTKUNA JOPOKHIM O,

Merta poOOTH — yIOCKOHAJICHHS METOIY PO3PaXyHKY HEXOPCTKUX JOPOXKHIX OJSTIB 32 KPUBOIO MPOTHHIB.
MeToau 10CHIHKEHHS — aHATITHKO-€KCIIEPUMEHTabHI.

Kiro4oBi ci1oBa: 10poskHiil 04T, METOA PO3paxyHKy, MOYJIb IPY>KHOCT1, pO3MIO1ijIbya 31aTHICTh, KPUBa
IPOTHUHIB.

UDC 625.72
Riapukhin V.M., Cand. Eng. Sci. (Ph.D.), Sarkisian H.S.

FEATURES OF CALCULATION OF STRENGTH AND DEFORMATION CHARACTERISTICS
OF FLEXIBLE ROAD PAVEMENT LAYERS USING DEFLECTION CURVES

Abstract. This article considers the features of the calculation of the strength and deformation
characteristics of road pavement layers using deflection curves. The current methods of road pavement
strength calculation are analyzed. An advanced method of flexible road pavement calculation using
deflection curves is proposed taking into account the distributive capacity of pavement (coating) and base.
The object of research is flexible road pavement.

The purpose is to improve the method of flexible road pavement calculation using deflection curves.

The research methods are analytical and experiment based ones.

Keywords: road pavement, calculation method, elasticity modulus, distributive capacity, deflection curve.

YK 625.72
Panyxun B.H., kauz. texs. Hayk, CapkucsH I'.C.

OCOBEHHOCTH ONNPEAEJIEHUSA TIPOYHOCTHBIX U JE®OPMATUBHBIX
XAPAKTEPUCTUK CJIOEB HEXKECTKUX JOPOXHbBIX OJEXK/ ITO KPUBbIM
IMPOI'MbOB

AHHOTanus. B crathe paccMOTpeHBI OCOOCHHOCTH OIpENEeNIECHUs] MPOYHOCTHBIX U Ae(hopMaTHBHBIX
XapaKTepUCTHUK CIIOEB JIOPOYKHOH ONEXKIBI 1O KPHUBBIM IMpornOoB. [IpoBeseH aHain3 CyIIECTBYIOMIMX
METOZIOB OIIEHKHM INPOYHOCTH TOPOXKHBIX oaexa. IIpemtoskeH HOBBIM yCOBEPIICHCTBOBAHHBIM METO[
pacueTa HeXXECTKUX JOPOKHBIX OJEXK] 10 KPUBOI MPOruOOB ¢ y4eTOM PACHpPEAeIUTEIbHON CIOCOOHOCTH
HOKPBITUSL U1 OCHOBAHMUS.

OOBEKT uccneq0BaHus — HEXKECTKas JOPOKHAs OEAKa.

[lenb  paboOTHI — yCOBEPIIEHCTBOBAHUE METOJA pacueTa HEXKECTKUX JAOPOKHBIX OAEKA I0 KpUBOU
poru0oB.

MeTob! HCCIIEI0BAHUS — AHATTUTUKO-3KCIIEPUMEHTAJIbHBIE.

KiioueBble ci10Ba: JOpo’kHAs OJEXkAa, METOJ pacyera, MOAYJIb YIPYrOCTH, pPaclpeleluTelbHast
CIIOCOOHOCTB, KpUBasi MPOTUOOB.
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Beryn

OCHOBHMMH TEHACHIISIMH PO3BUTKY CY4aCHOTO
TPAHCIIOPTHOTO TPOIECY € 3HAaYHE 3POCTAHHSA
IHTEHCUBHOCTI, 30UIbIIEHHS HaBaHTA)XXEHb Ha
BiCh TPAHCIOPTHUX 3ac00iB, 30UIBIICHHS 10
BOKKHX BaHTAXHUX aBTOMOOUTIB y CKJIaal pyxXy
tparcmopty. ILli  ¢daktopu  3yMOBIIOIOTH
3pOCTaHHS BHUMOT JI0 MIITHOCTI 1 HaJIiIHHOCTI
aBTOMOOUTbHOT ~ joporu. Tomy  HEoOXigHO
NPUAUIATH BEJIMKY yBary OINEPaTUBHOCTI Ta
HAJIHOCTI ~ BHM3HAUEHHS  MIIHICHUX  Ta
nepopMaTUBHUX XapaKTEPUCTHUK JIOPOKHIX
OJISATIB, IO EKCILTyaTYIOThCS a00 BBOJISATHCS B
eKCIUTyaTaIli1o.

JUisi OLIHKKM MIIHOCTI JOPOXHIX OJSTIB 32
BUMIPSHOIO BETMYMHOIO MPOTUHY 3aCTOCOBYIOTh
METOU CTATUYHOI'O i IMHAMIYHOTO
HABAaHTA)XCHHS Ha KOHCTPYKIIIO TOPOKHBOTO
omary [1-3]. IcHyroui MeTOIU OLIHKHA MIITHOCTI
HEXOPCTKUX JOPOXKHIX OJATIB 32 BEITUYUHOIO
MPOTHUHY TIOKPUTTS MJAOTh 3MOTY BH3HAYUTH
TITPKA 3arajibHUd MOJIyNb TPYKHOCTI, a A
BU3HAYCHHS  MOAYJIB  TPYXHOCTI  mIapiB
MMOKPUTTS HEOOXIJHI IMOIIapOBI BUIPOOYBaHHS
KOPCTKUM ITAMIIOM 3 PO3KPHUTTSIM JIOPOKHBOTO
onsary. PO3KpUTTS AOpPOXKHBOTO OATY, TO-
nepIe, € J0BOJII TPYAOMICTKOK POOOTOR0, TO-
apyre, TpU I[bOMY PYHHYETbCS TOKPUTTS
JOPOKHBOTO OJIATY.

[cHYIO0TH TakOX METOIM A1aTHOCTUKH JTOPOXKHIX
onariB Ha BiOpariiiHiii OCHOBI. 30KpeMma, Iie

BUIIPOOYBaHHS 1010 BU3HAYEHHS
PO3pPaxyHKOBHUX XapaKTEPUCTHK
ac(ambTOOETOHHUX IIApiB JOPOXKHBOTO OJATY
Ta ix TOBIUHH 3a napameTpamu

PO3MOBCIO/PKEHHSI MOBEPXHEBUX XBWJIb Penes
Bil IMIynbCcHOro HaBaHTaxeHHs [4]. Taxi
METOAM  JO3BOJSIIOTH  BU3HAYUTH  MOIYJb
MPYKHOCTI BEPXHBOTO APy TMOKPHUTTS, ajie He
Jal0Th TOCTAaTHBOI iH(popMaLii Mpo Horo cTaH Ta
MOJTyJIb PYKHOCTI OCHOBH.

Ha nanuii yac KOHCTpYIOBaHHS Ta PO3PaXyHKU
JOPOKHIX OJISITIB 3BEACHO /IO aBTOMATH30BaHOTO
pPO3paxyHKy 3a  OCHOBHUMH  KpHUTEPIsIMH
MirHOCTI. JIJIg  MIABWINCHHS HAIIMHOCTI Ta
JOCTOBIPHOCTI TNPOEKTYBaHHSA MiJACUJICHHS YU
PEKOHCTPYKINi JTOPOKHBOTO OJATY HEOOX1THO

MaTd JaHli MOXYII0 TPYXHOCTI OCHOBH,
(aKTUYHOTO  MOAYNIIO  MPYXKHOCTI  IIapy
[IOKPUTTS

Ta TOBIIMHU NOKpUTTA. Ha 1eil vac e mocuth
3aTpaTHA Ta TPYAOMICTKa 3a7ada.
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Introduction

The main trends of the development of a
modern transport process are the considerable
increase of traffic intensity and load on a
vehicle axle as well as a heavy truck share in a
transport traffic flow. These factors stipulate
tough requirements to road strength and
reliability. So, it is necessary to focus on
efficiency and reliability of the calculation of
the strength and deformation characteristics of
pavement which is commissioned or in
operation.

The methods of static and dynamic loading
on a pavement structure are applied to evaluate
the strength of pavement by the basis of the
measured value of the deflection [1-3]. The
current methods of flexible pavement strength
evaluation by the value of surface deflection
allow determining the overall modulus of
elasticity, but it is necessary to carry out layer-
by-layer tests using rigid stamp with removal
of a top pavement layer for determination of
the elastic moduli of the layers below. The
removal of the top pavement layer is time-
consuming work and the road coating is ruined.

There are also methods of pavement
evaluation based on vibrating. In particular, it
is the test for determination of the design
characteristics and thicknesses of pavement
asphalt layers by the parameters of Rayleigh
surface wave propagation generated by impulse
load [4]. The methods allow us to determine
the elastic modulus of the top layer of
pavement, though these methods do not give
full information about its state and the elastic
modulus of a base.

At present, the designing and calculation of
pavements involve automated calculation using
the basic strength criteria. It is necessary to
have the data of both the elastic modulus of a
base and the factual elastic modulus of a
surface layer as well as surface thickness to
improve reliability and validity of the design of
road coating reinforcement and reconstruction.
Today, it is a quite costly and labour-intensive
process.
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OcHoBHA YacTHHA

Meron, po3pobieHuii Ha Kadeapi BUITyKyBaHb
Ta TPOEKTYBaHHSA JIOPIr 1  aepoapoMiB
XHALY [5, 6], oJIsirae y  TIO€HaHHI
MiOBEPXHEBOTO HEPYHHYIOUOTO 30HJTYyBaHHS
Ta BUMIPIOBAHHS CTaTUYHUX a00 JAMHAMIYHUX
NPOTHHIB 3a CHEIaJbHOI0 METOJUKOI, IO
J03BOJISIE OILIHUTH TOBIIUHY Ta CTaH IIapiB
MOKPUTTSA, BHU3HAYUTH  3arajJbHUN  MOJIYIb
NPY)XKHOCTI  JIOPO)KHBOTO  OJATY Ta MOJIYJIi
IOPY)KHOCTI OCHOBH Ta MOHOJITHOTO WIApy
nokputTs. IlpuitHATa po3paxyHKOBa cxema i
MaTeMaTH4Ha MOJIENb MAalOTh CBOI HEIOJIKH.
[To-nieprue, MOJyJdb  TMPYXHOCTI  mIapy
BU3HAYAETHCSI 32 HOMOTPAMOIO, HAaBEIACHOIO
B [7], sika BpaxoBY€E CITiBBiIHOIICHHS TOBIIUHU
mapy 0 JiaMeTpy IUIOIN  MPHUKJIaJCHHS
HABaHTAXXCHHS Ta CIIBBIJHOIICHHS 3arajbHOTrO
MOAYJIA  OPYKHOCTI 10  MOAyJA  IIapy.
Posznoaineyi BIaCTUBOCTI KOHKPETHOTO MIApy HE
BpPaxoBYIOTbCS.  Monyni — TpYyKHOCTI  SIK
MOHOJIITHOTO TaK 1 IIapy OCHOBH BH3HAYAETHCS
3a OJHIEIO 1 TIEIO > HOMOIPaMOI, Xoda
Koe(iIieHTH PO3MOIIILYOT 3JaTHOCTI IIUX MIapiB
CYyTTEBO  BiApi3HAIOTBCA.  [lo-mpyre,  sKiio
MOHOJIITHUX IIApiB MOKPUTTS JEKUIbKa, TO
BH3HAYAETHCS €KBiBAJICHTHUI MOJTYJTb
MPYXHOCTI TIUTH y BUNAAKY, KOIU IIapu
MOKPUTTS MAlOTh CHAsHUM KOHTakT. A IIe, sK
MpaBWJIO, HE 3aBXKIM BiANOBiAae (PaKTHUHOMY
CTaHy peyeil.

Y 3B’s3ky 3 1uM OyJo B3SITO 3a METY
yIIOCKOHAJIEHHSI METO/Y OI[IHIOBAHHS MIITHICHHX
1 gepopMaTMBHMX  XapaKTEpPUCTHUK  IIapiB
HEXOPCTKUX JIOPOXKHIX OSTIB 3a MapameTpaMu
KpUBO1 IPOTHHIB.

JInst  JMOCSTHEHHSI TOCTaBJICHOI MeTH Oynu
BU3HAYEHI TPU OCHOBHI NpoOiIeMHu:

— BpaxyBaTH PO3MOJIIIb4l BIACTUBOCTI MOKPUTTS
(«nmutHuU edexty) [8];

— BpaxyBaTU PO3MOAUIBYI BIACTUBOCTI HECYYOi
OCHOBHY;

— BUPILIUTH 3BOPOTHY 33/a4y MO BiJIHOBJICHHIO
MOJyJIiB TOKPUTTS 1 OCHOBM 32 (PaKTHUYHUMHU
rapamMeTpaMH Yailili IPOTHHIB.

JlaHi OLTYKOBOT'O €KCIEPUMEHTY JI03BOJISIOTh
BCTAHOBHUTH OPIEHTOBHI 3HAYCHHS XapaKTepu
CTHK pPO3MOJUTBYOI  3JaTHOCTI PI3HUX 3a
CTPYKTYPOIO IIapiB OCHOBH [4].

JUisi MOHONITHUX IIapiB OCHOBHU KOE(ILI€HT
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Main part

The method, which is developed at the
Research and Designing of Highways and
Aerodromes Department in Kharkiv National
Automobile and  Highway  University
(KhNAHU) [5, 6], is a combination of a
subsurface nondestructive sounding and the
measuring of static or dynamic deflections
using a special technique to evaluate a
pavement layer thickness and state, determine
the overall pavement elastic modulus of road
coating and the elastic modulus of both a base
and cast-in-situ  pavement layer. The
conventional design scheme and mathematical
model have their disadvantages. First, the
elastic modulus of a layer is determined by
nomogram that is given in [7] which takes into
account the ratio between layer thickness and
the diameter of load application area and the
ratio between an overall elastic modulus and a
layer modulus. The distributive properties of a
separate layer are not taken into account. The
elastic moduli of both a cast-in-situ pavement
layer and a base layer are determined by the
same nomogram though the rates of the
distributive properties of these layers are
significantly different. Second, if there are
several cast-in-situ  pavement layers, the
equivalent elastic modulus of a slab is
determined when pavement layers have a
joined contact. However, usually it does not
correspond to a real situation.

In connection with it, the improvement of the
evaluation method of the strength and
deformation characteristics of flexible road
pavement layers using the parameters of the
deflection curve has become the aim of
research.

To achieve this aim three main problems are
defined:

—to consider the distributive properties of
pavement (“'slab effect") [8];

—to take into account the distributive
properties of the carrying base;

—to solve an inverse problem to renovate
pavement and base moduli using the real
parameters of the deflection bowl.

The data of the exploratory experiment allow
determining the approximate values of the
characteristics of the distributive properties of
structurally different base layers [4].

For the cast-in-situ base layers the coefficient
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PO3MOIIIBYOT 3ITATHOCTI 3HAXOMUTHCS B MEXax
0,85 -0,95, mo y3roKyeTbcsi 3 PO3MOAUIBUOIO
3IATHICTIO LIApiB MOKPUTTS 1 B IIbOMY BHIIQJKY
pillieHHsT Teopii NPYXKHOCTI HE MOTPeOYIOTh
JI0JaTKOBOTO YTOUHEHHS:

— 7S WapiB OCHOBU 3 IIUIBHOTO HE3B'I3HOTO
Marepiany (mmebeneBo-minana cyMi,
IPYHTOBO-IIIIIaHA CYMIIl | PSIOBOrO IIEOCHIO)
MOKA3HUK PO3MOJUIBYOT 3AaTHOCTI B Mexkax
0,75-0,8 1 B 1pOMy BHIAAKy HaINpPYyKEHO-
nepopMoBaHMii CTaH KOHCTPYKLIi moTpedye
YTOUYHEHHSI 110 TeOpii MPY>KHOCTI;

— nuckpetHi  mapu  (dpakuiiauil  1meGiHb,
rpaBifiHi ~ Marepiaav) MarThb  HaWMEHIIUN
MOKa3HUK  PO3MOJAUILYO0I  3AaTHOCTI, OLIBII
KOHIIEHTPOBaHy Iiepenayy 3ycuwib 1 Tpu
BUNIPOOYBaHHAX JOy)K€ CKJIQJHO OTpUMATH
cTalOimpHI pe3ynabTaTH, TaK SIK MOTPEOYETHCS
MOTIEpETHE  «OOTHCHEHHS» 1 JOYIIIJIbHEHHS
KOHCTPYKIIi.

Busnayenns paedopmamiiHuX —XapaKTepHCTUK
MOKPUTTSA 1 OCHOBH HEXOPCTKHX JIOPOXKHIX
OJITiB 3a TNPUUHATHMHU MeToaukamu [4, 6] B
MOPIBHSIHHI 3 IHIIUMH METOJAaMU MAa€ HU3KY
nepeBar.

Ane Tpeba 3BepHYTH yBary Ha HacTyIIHE:

— 17 BHU3HAuUeHHsA (opMM yamil TpPOTHHIB
3aMipsIOTh TNPOTMHM Ha Pi3HIA BiAcTaHi BiX
MICIISl IPUKITAICHHS HAaBaHTAKCHHS;

— 00poOKa pe3yabTaTiB BUMIPIOBAHHS MPOTHHIB
3a pO3paxyHKOBO-aHATITHYHOIO CUCTEMOIO [5, 6]
nokasye, MO JUIsI KOXHOi TMapu MpOTruHIB
BU3HAUAIOTbCA MOJIYJl MPYXKHOCTI, SIKI B
3aralbHOMY BUMAJAKY HE CIIBMaNal0Th 1HOJI Ha
20 — 30 BizcoTKiB.

BigmoBigHO A0 TOpUWHATOT  MaTeMaTUYHOI
MOJIeTl Ta alNropuTMy OOpOOKH pe3yabTaTiB
MOJIbOBUX JOCHIKEHb [5] Oymu BigHOBIEHI
KpUBI Yallll MPOTUHIB, 32 MOAYJSIMHU HPYKHOCTI
MOKPUTTS 1 OCHOBH, 1110 BU3HAYAJIM JJIS PI3HUX
JUJISTHOK Yallli MPOTHHIB.

CimeiicTBO KPUBHX qari MIPOTHHIB
pO3TalIOBYEThCS B JIOCHTh BY3BKIM 00JacTi
HaBKOJIO  (PaKTUYHOI  (eKCIepHUMEHTAJIbHOT)
KpuBOi mpo THHIB (puc.l), mo mae 3Mory
METOAaMHU MaTeMaTU4YHOT CTaTUCTHKH
BU3HAYUTH  aNpOKCHUMYIOYY  KpPHUBY  dYarli
MIPOTHHIB.

Jns  Takoi CHCTEMH MOXJIMBO  BUPILIMTH

3BOPOTHY 3ajJjauyy 13 BH3HA4YECHHS HMOBIPHUX
MOJYJIiB MPY>KHOCTI OKpEMUX mapiB
JOPOXKHBOTO OJIATY 3a IapaMeTpaMu KpPHUBOi
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of the distributive capacity is 0.85 — 0.95 that is
consistent with the distributive capacity of
pavement layers and in this case the solution of
the elasticity theory does not require additional
adjustment:

— for the base layers having compacted non-
cohesive material (sand-macadam mixture,
soil-sand mixture and conventional macadam)
the value of distributive capacity is 0.75-0.8
and in this case the stressedly-deformed state of
a structure needs adjustment in terms of the
elasticity theory;

— discrete layers (fractional macadam, gravel
materials) have the lowest value of the
distributive capacity and more concentrated
load transfer, so during tests it is very difficult
to obtain stable results because it is necessary
to carry out a "precompression™ and additional
compaction of a structure.

Determination of  the deformation
characteristics of flexible road coatings and
base using current methods [4, 6] compares
favorably with other methods.

However, special attention should be paid to
the following:

— deflections are measured at different
distances from the point of load application to
determine a deflection bowl shape;

—the processing of deflection measurement
results using a design-analytical system [5, 6]
indicates it that elastic moduli are calculated
for each pair of deflection which generally do
not coincide by 20 to 30 per cent sometimes.

In accordance with the current mathematical
model and algorithm of the processing of field
test results [5], deflection bowl curves have
been renewed using the elastic moduli of both
pavement and base that were determined for
different sections of the deflection bowl.

The assemblage of the deflection curves is
located in a fairly narrow range around the
actual (experimental) deflection curve (Figure
1) that allows to calculate an approximate
deflection bowl curve using the methods of
mathematical statistics.

For such a system it is possible to solve an
inverse problem to determine probable elastic
moduli for separate layers of road coating using
the parameters of the deflection curve.
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MIPOTHHIB.
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] 20 40 60 80 100

20

S

60

TPOTHH ITOKPOTTA, MKM

»

1 — dakTryHa KpuBa mporuHis; 2 — Po3paxyHkoBa KpuBa
MpoTHHIB (T1apa MporuHiB Ha BincTadi 0 cMm Ta 36,6 cM Bix
Bici mTammy); 3 — Po3paxyHKoBa KpuBa NpOTHHIB (I1apa
mporuHiB Ha BiacTaHi 0 cM Ta 66,6 cM Bif Bici mTamiry);
4 — Po3paxyHKOBa KpWBa IPOTHHIB (Iapa IPOTHHIB Ha
Bincrani 0 cm Tta 116,6 cM Big Bici mrammy), 5-—
Po3paxyHkoBa KprBa IMOBIpHUX IPOTHHIB ITOKPUTTS

Pucynok 1 — CiMelicTBO KpUBHX IPOTHHIB

BucHoBxku

3anponoHoBaHU MeToji 0OpOOKH pe3yNbTaTiB
MOJILOBUX  JOCHIKEHb  JIOPOXKHIX  OJISITIB
JI03BOJIUTH OTPUMYBATH OUIBII JOCTOBIpHY 1
MOBHY  iHQoOpMalil0 TMpo  CTaH  IIapiB
JOPOXKHBOTO OJTY TpH 3acCTOCYBaHHI JIMIIIE
HEpPYWHIBHUX 3aC00IB JIarHOCTUKH. A METOIu
HEPYHHIBHOTO KOHTPOJIO € JIyKe e(peKTUBHUMH,
3aBASKU 1X HU3BKIH TPYIOMICTKOCTi, BHCOKIH

TOYHOCTI 0JIEpKYBaHUX pe3yNbTaTIB,
1H(OPMAaTUBHOCTI Ta MO>KJIMBOCTI
Oe3nepepBHOr0 1 OE3KOHTAKTHOTO TPOIECY
CIIOCTEPEIKECHHS.
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1 - Actual deflection curve; 2 — Calculated deflection
curve (pair of deflection at the distance of 0 cm and
36.6cm from the axis of stamp); 3 - Calculated
deflection curve (pair of deflection at the distance of
Ocm and 66.6cm from the axis of stamp); 4-—
Calculated deflection curve (pair of deflection at the
distance of 0 cm and 116.6 cm from the axis of stamp);
5 — Calculated probable deflection curve

Figure 1 — Assemblage of deflection curves
Conclusions

The proposed method of the processing of road
coating field test results allows receiving more
valid and complete data about the state of
pavement layers when using non-destructive
diagnostic  tools. Non-destructive testing
methods are very effective due to their low
labour intensity, high accuracy of results,
informative content and a contactless and
continuous monitoring process.
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USE OF MATHEMATICAL MODELING FOR DECISION MAKING IN PROPERTY VALUATION
Abstract. The paper analyzes the feasibility of the mathematical modeling use for decision making in property
evaluation. Mathematical algorithmic methods and approaches in the implementation of the comparative

approach in evaluating real estate are performed. The main criteria for choosing a method are identified. The
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method for determining corrective amendments based on solving systems of linear equations that can reasonably
choose the size of corrective amendments in the application of comparative approach is analyzed.

The object of study - Mathematics methods for evaluation of property objects

The aim - to analyze the feasibility of mathematical modeling methods for decision making in property

evaluation
Methods: analysis

Keywords: facility assessments, property, mathematical methods, comparative approach, management decisions

Ha croromnimHgii J1eHh METOAM MATEMaTHYHOI'O
MOJICITFOBAHHS — € OJIMH 3 HaWOLIbI ePEeKTUBHUX
IHCTpYMEHTapiiB B JOCIIPKEHH] CKIIAJHUX SIBHIL
Ta MPOIIECIiB 1 pI3HUX ramy3sx
HapOHOTOCIIOAAPCHKOI AISUTBHOCTI TtoauHu. He €
BHKJIFOUEHHSM 1 OIlIHKa MaiiHa Ta HEPYXOMOCTI,
SIK MPUKJIaJIHA YaCTHHA Cy4acHOTr0 €KOHOMIYHOI'O
aHaJi3y, OCHOBHE 3aBJaHHS SKOi IIOJIATa€e y
BCTAHOBJIEHH]  HAWOUIBII  MOMJIMBOI  I[[IHH
MPOJIaKy ab0 MOKYIKK aKTHUBY Ha OCHOBI aHAJII3y
JUHAMIKH CHJI TIONMTY Ta IPONO3HIi Ha LEH
aKTMB Ha BIJAMOBITHOMY CETMEHTI BiJKPHUTOTO
aAKTUBHOTO PHUHKY. BUMOTH 110 SIKOCTI OIIIHKHU
MOCTIHHO 3pOCTalOTh, 1 TYT MaTeMaTHKa 37aTHa 1
MOXE HaJIaTH BEJIUYE3HY JOIOMOI'Y OIIIHIOBAYEBI
B J0Ka3i 0O0'€eKTMBHOCTI pe3yNbTaTiB CBOET
poboTH.

Bukopucranus wmaTeMaTHKH B JIOCTIKEHHI
€KOHOMIYHHUX MPOLIECIB, y TOMY YMCIi i B OLIHII,
JI03BOJISIE:

- BUAUIUATH 1 popmanizoBaHO OMUCATH HANO1IbIIT
BA)KJIMBI 3B'SI3KM MDK EGKOHOMIYHMMH 3MiHAMHU,
SKI OMUCYIOTh TPOIIECH a00 SBUINA;- - OLIHUTH
dbopmy 1 mapaMmeTpu 3B'SI3KIB MK 3MiHAMH, 1110
BIJIMOBIAAIOTh (DaKTUUHUM CIIOCTEPEIKECHHSIM;

- TOYHO 1 KOMIAKTHO BHKJIACTH OKpeMmi
MOJIOKEHHSI  Teopii  OIIHKH, MaTeMaTH4YHO
OITMCABIIH IMAX0IHU 1 METOAHU OL[IHKH;

- OOTpYHTOBAaHO MpUKWMATH HAKOLIBII eEeKTUBHI
YIPaBIIHCHKI PIIIEHHS 11010 00€KTA OIIHKH.

BusHaueHHs pUHKOBOI BapTOCTi, K HaMOLIbII
MOXJIUBOI I[IHM TMPOJAaXy MailHOBHX TMpaB,
NpUMHATE B MDKHaApOJHUX 1 €BPOIMEHCHKUX
CTaHJapTaxX OIIHKH, 0OYMOBIJIEHO CTOXAaCTHYHOIO
MPHUPOJIOI0 CaMOTO PHHKY MPaB Ha BIIACHICTh, SIK
€KOHOMIYHOT CHCTeMH, (YHKI[IOHYBAHHSA SIKOT
B1I0OyBa€ThCsl IMiJ BIUIMBOM Oe3miui (haKkTopiB,
AKi, 3 MaTeMaTU4YHOi TOYKU 30py, MOXKYTh 1
MOBUHHI PO3MJISAATUCS SK BHUMAJAKOBI 3MIiHHI,
bopmyroun B OCTaTOYHOMY HiACYMKY
pPE3yNbTYIOUUI TOKa3HUK - PUHKOBY BapTiCTh.
Bce 11e BU3Ha4ae iMOBIpHICHHIA XapaKTep CaMOTo
MpoIeCy OIIHKA 1 pOOWTh MOXIHUBUM 1
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Nowadays methods of mathematical modeling
- is one of the most effective tools in the study
of complex phenomena and processes and
various sectors of national economic activity.
The evaluation of property and real estate as
part of modern applied economic analysis is
not the exception, the main task of which is to
establish the best possible selling price or
purchase the asset on an analysis of the
dynamics of power supply and demand for the
asset in the relevant segment of active open
market. Quality requirements are increasing
evaluations and mathematics is capable of
providing great help to the evaluators in
demonstration objectivity of the results of their
work.

The use of mathematics in the study of
economic  processes, including in the
assessment, allows:

- identify and describe the most important
formalized links between economic changes
that describe the processes or phenomena;

- evaluate the shape and parameters of links |
between changes that correspond to the actual
observation;

- accurately and compactly lay out some
evaluation of the theory, mathematically
describing the approaches and methods of
assessment;

- reasonably take the most effective
management decisions on facility assessment.

The determination of the market value, as the
possible sale price of property rights, adopted
in international and European standards of
assessment, is provided by the stochastic
nature of the market property rights, as an
economic system, the functioning of which is
influenced by many factors, from a
mathematical point of view, may should be
treated as random variables, forming
eventually resulting indicator - the market
value. This determines the probabilistic nature
of the assessment process and makes it
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HEOOXIIHUM 3aCTOCYBaHHS OI[IHOYHX IPOIEIYP,
3aCHOBAaHMUX HA TMPHUHIMIAX IMOBIPHICHOTO
CTaTHCTHYHOTO aHAII3Yy.

Ha cporomHimHiid aeHb NpU OIIHII OOEKTIB
HEPYXOMOCTI HalJacrime 3aCTOCOBYETHCS
MOPIBHSJIBHUN TiaXia. B pamkax maHoro miaxomy
BCci ¢opMmamizoBaHi MeETOIM WOro peamizarii
MOJKHA PO3ILIMTH Ha ABi rpymu [1,2]:

1) meronu, mo 6a3yrOThCs Ha anaparti MaTpUYHOI
anredpu;

2) CTaTUCTHYHI METO.IH.

Bubip TOro um iHIIOr0O MaTeMaTUYHOIO METOMY
3aNIe)KUTh B MEPIIY Yepry BiA KIJIBKOCTI 1 SKOCTI
BuxinHoi iH(popMmamii mpo 00’€KTH-aHAJIOTH.
KoxHa rpyma MeToJiB Mae IEBHI BHMOTH [0
BuxinHoi iHpopmarii i mepeagymMoBH peamizarii
OOYHMCITIOBAJIFHUX MPOLEAYp, CTYMiHb BUKOHAHHS
SKUX BHW3HAYa€ JOCTOBIPHICTh  PeE3yJbTaTy
OLIIHKH.

3a HasIBHOCTI JOCTATHHO BEIUKOI KUIBKOCTI JaHUX
npo 00’eKTU-aHaNoru (KUIBKICTh aHayoriB B 6-7
pa3iB MEpeBUINYE KUIbKICTh IIHOYTBOPIOIOYUX
¢axTopiB), nepesary ciij B1Jl1aBaTU
CTaTUCTMYHUM  METOJaM, SKI  JI03BOJIAIOTH
BUSBUTH 3aKOHOMIPHOCTI Ha ¢oHi
BUIIAJKOBOCTEH;  OyayBaTu  GaratogakTopHi
MoOJeTi OIIHKK 1 Ha iX OCHOBI OTPUMYBaTH
OOrpyHTOBaH1 BUCHOBKHU 1 TPOHO3HU.

Opnnak, npu OOMEXKEHHIM KUTBKOCTI J@aHUX TIPO
aHAJIOTI4HI 00 €KTH KOPPEKTHE 3aCTOCYBaHHS
CTaTUCTHYHHUX METOJIIB MPAKTHYHO HE MOIKIJIMBE.
B npoMy Bumanky ciig  IIykaTd  iHIOI
dbopManizoBaHl MIAXOAM IIOAO  PO3PAXYHKY
MOTIPABOK, SIKI BPaxOBYIOTh BIJIMIHHOCTI MIX
00’exkTOM OIIHKM 1 agajgoramMu. OIHHUM 13 TaKUX
METOMIB — € METOJ BU3HAUYEHHS KOPUTYIOUHX
MOMPAaBOK Ha OCHOBI pO3B’SI3aHHS  CHUCTEMH
TMHIHHUX piBHSIHB [3,4]

Jlana MeTOAMKa MOXKE€ 3aCTOCOBYBATHCS Y
BUIAJKY, SIKIIO KUIBKICTh BiliOpaHUX 00'€KTiB-
aQHAJIOTIB Ha OJIMHMINIO IIEPEBHINYE KIUIbKICTh
L[IHOYTBOPIOKOYHX (akTopis, 324 SKHUMH
3MIMUCHIOETBCS TIOPIBHSHHA 00'€KTa OIIHKA 3
aHaJIOTaMH, TOOTO BUKOHYETHCS YMOBA:

n=m+1 (1)

II€ N - KIJIBbKICTh 00'€KTIB-aHAJIOTB;
M - KUIBKICTh LIHOYTBOPIOIOYHX (PaKTOPiB, 32
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possible and necessary to apply assessment
procedures based on the principles of
probabilistic statistical analysis.

Today in evaluating real estate objects often
used a comparative approach. Under this
approach, all formalized methods of
implementation can be divided into two groups
[1.2]

1) methods based on the unit matrix algebra;

2) statistical methods.

The choice of the mathematical method
depends primarily on the quantity and quality
of the output data of the analogs. Each group of
methods has certain requirements for initial
information and background computing
implementation procedures of performance of
which determines the reliability evaluation.

If a sufficiently large number of data objects-
analogues (number of analogues in 6-7 times
the number of pricing factors) should be
preferred statistical methods that can detect
patterns in the background of chance; build
multifactor models of assessment and, based
on sound findings and receive inventory
forecasts.

However, when there is limited data on similar
objects, the proper application of statistical
methods is virtually impossible. In this case, it
is necessary to look for other formal
approaches to the calculation of corrections
that take into account the differences between
the object evaluation and analogues. One such
method - a method of determining the
corrective amendments based on solving
systems of linear equations [3,4]

This technique can be used if the number of
objects selected analog unit exceeds the
number of pricing factors on which the
comparison with analogues of the assessment,
ie the condition:

n=m+1 (1)
where n - the number of objects-analogues;

m - number of pricing factors for which
adjustment is made.
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SIKUMH IIPOBOAUTBCS KOPUTYBAHHS.

36ip iHdopmariii 3a 00’ eKTaMH-aHATIOTAMH
v
Amnani3 iHpopmarii (IT0BHOTa,TOCTOBIPHICTS,
K-CTh aHAJIOTIB Ta LIHOYTBOPIOIOYHX (DAKTOPIB)

Bubip MeTony mis pearizariii HOpiBHAILHOTO

MiAXOTY
IToGynoBa
Tax | perpeciiinoi

Buxinua indopmaris .

. Mojem
3a/I0BUIBHSI€ BUMOIaM
perpeciiHoro aHaisy

3acTocyBaHHs

MaT. METO/IiB

Tax | PO3PaxyHKy
BigMmiHHICTE MiK BaroBUX
aHaJIOTaMH 1

00’€KTOM OLIIHKH

KoedilieHTiB

Busnage
K-ctb anasoris Ha 1 Tax | Preraterid
KOPUTYIOUHX
HEpPEBUIIYE K-CTh
bakTopis IIOTIPaBOK 32
) JOTIOMOTOO
Hi l pO3B’s13aHHs
MeToa mapHuX MpoIaxKiB. CHCTEMH
ExcriepTHi oliHKu TiHIHHAX
HOTMPaBOK pIBHSHB
Pucywok 1 — Anjroputm BuOOpPY MeETOAY

peamizaiii MOPIBHSUIBHOTO TIAXOMYy B OIlIHII
HEPYXOMOCTI

Orinka pUHKOBOI BapTOCTI 00'€KTa HEPYXOMOCTI
3 BHUKOPUCTaHHSAM iH(opmamii mpo IiHy i-ro

aHajiora Moke OyTH OTpHUMaHa HAaCTYIHUM
YUHOM:

VO = Pi + }\/Izl API] (2)

ne Vo — BapTicTh 00’ €KTa OIIHKH,

P; — niHa i-ro aHajora,

AP;; — KOpuTyBaHHS IiHM 1-rO aHajora Ha
BIIMIHHICT ~ 00’€KTa  OIIHKK TI0  |-OMY
LIHOYTBOPIOIOYOMY (haKTOPYy.

BignoBigno gm0  wmoxaemi  (2)  HEOOXimgHO
MOCJTIZIOBHO TIOPIBHATH 00’ €KT, IO OI[IHIOETHCS 3
KOXXHUM 13 BigiOpaHux o00’ekTiB-aHanoris. B
pe3yapTaTi  OTPUMAEMO  CHUCTEMY  JIHIMHHX
PIBHSHB:
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Gathering information on objects-analogues

Analysis of information (completeness, accuracy,
number of analogs, the number of pricing factors)

v

The method for implementing comparative approach

Building a
The quantity and quality .
of information meets the regression
requirements regression model

analvsis

Application of
mathematical

Yes
methods for

The difference between
analog and essential

object of evaluation calcu.latlng
weight
coefficients
Definitions
Number 1 analogues Yes for

exceeds the number of

pricing factors adjustment

by means of
No l solving
systems of
The method of paired sales. linear
Expert assessments of equations

amendments

Figure 1 - Algorithm selection method of the
comparative approach in evaluating real estate

Evaluation of the market value of the property
using the information on the price of i-
analogue may be obtained as follows:

Vo =P+ JL,AP; (2)

where V, - value of the assessment,

P; - price and second analogue,

APy - adjustment for the i-th analogue to the
difference of the assessment to the j-th pricing
factors.

According to the model (2) should consistently
comparable facility, estimated to each of the
selected objects-analogues. The result is a
system of linear equations:
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V0=P1+AP11+AP12+”'+AP1m
V0=P2+AP21+AP22+”‘+AP2m
' ©)

Vo =P+ AP + APy + -+ APy,

Tak sx nompasku AP;; 3anexaTb BiJl BEIMYUHU
PO3XO/DKEHHSI TO 1-My  I[IHOYTBOPIOIOUOMY
(dakTopy MDK O00'€KTOM OIIIHKM Ta 1-UM
aHaJIOTOM, TO AOIJIBHO II BH3HAYaTH B TaKHAH
crnocio:

APU = ij _xij AP] = AXUAP] (4)

Je Xoj - B3HAUEHHSA [-TO LIHOYTBOPIOIOYOIO
dakTopy i 00'€KTa OIIHKHY;

Xij - 3Ha4€HHS 1-TO LIHOYTBOPIOKOYOro (hakropy
I7I 1-TO aHaJIora;

AP;- BHECOK y BapTiCTh
L[IHOYTBOPIOIOYOTO (PaKTopy.

OJUHHMIN  |J-TO

3 ypaxyBanHs (4) cuctemy (3) MOXKHa 3aIIUCaTH Yy
BUTJISIIL:

VO = Pl + AXllApll + -+ AXlnAplm
VO = Pz + AXZlAP21 + -4+ AXZnAPZm
' 4)

VO = Pn + AxnlAPr;l +t AXnmAan

HeBinomumu B oTpuMaHiii cucTeMi JIIHIMHUX
piBHsAHb € BenmumHM V, 1 AP;,. 3anumemo
cuctemy (4) y HaCTymHOMY BHJi1, 3pyYHOMY IS
il po3B’sA3aHHS:

VO - AXllApll — = AXlTI.Ale = P1
VO - AXZlAP21 — = AXZTLAPZm = P2

(5)
Vo — A1 APy — -+ — AXun APy = Py

3HaiiTu po3B’s30k cucrteMu (5) MoxkHA OyIb-
SKUM 13 3arajbHOBIJIOMHX METOMIB JIHIHHOL
anreOpH, aje HaW3py4HIIIe 3HaXOAUTH PO3B’ 30K
CUCTEMH MAaTPUYHUM crocobom. Jlyisg 1poro
3aMUIIeMo CUCTEMY (5) y MaTpUYHOMY BHUJI:
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V0=P1+AP11+AP12+"'+AP1m
V0=P2+AP21+AP22+"'+AP2m

(3)

VO=Pn+APn1+APn2+’”+Aan

Since the amendments APj depend on the
differences in pricing and i-th factor between
the object and the evaluation and i-th analogue,
it is advisable to define it as follows:

APU = ij _xij AP] = AXUAP] (4)

where x,; - value of j-pricing factors for
facility assessment;

x;;- value and first and pricing factors for the
first analogue;

APj- contribution to the cost per unit of j-
pricing factors.

With regard to (4) system (3) can be written as:

VO = P1 + AXIIAPII + -+ AXInAPIm
VO = Pz + AXZlAP21 + -+ AXZnAPZm

(4)

Vo = Py + AXp1 APy + -+ + DXy APy

Unknown in the resulting system of linear
equations is V, size and AP;. We write (4) in
the following form suitable for its decision:

VO - AXllApll — = AXlnAplm = P1
VO - AXZlAP21 — = AXZTLAPZm = Pz

(%)
Vo — Axp1 APy — -+ — AXymAPym = Py

Find the solution of system (5) can be any of
the known methods of linear algebra, but
finding the most convenient solution for the
system matrix method. To do this, we write the
system (5) in matrix form:
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AX-V=P, (6)

ne
1 —xy3 —Xim
AX : : :

P= @)

Po3p’s30k cuctemu (7) icHye, SIKIIO BHU3HAYHHUK
Marpuili AX He JOpiBHIOE HYI0. Y I[BOMY
BUMNAJIKy CHCTEMa Ma€, SIK BIJIOMO, €IMHUN
PO3B’SI30K:

V=AX"1-p (8)

-1
ne AX - o0OepHeHa MaTpullsl 10 MaTpuIll X.

SAxmo HasBHUN 3HAUYHUUA 0Ocsr iH(opmari 3a
00’€KTaMHU-aHAJIOraMH, TO BU3HAUYEHHS PHUHKOBOI
BapTOCTI  00’€KTa  HEPYXOMOCTI  BCE-TaKH
JOLTBHO BECTH B paMKax OaraToakTOpHOTrO
perpeciiHoro aHaiizy, SIKUH Ja€ 3MOTY OLIHUTH
Mipy BIUIMBY Ha JIOCIII)KYBaHUH pe3ylbTaTUBHUN
MOKAa3HUK KOXKHOTO 13 BBEICHHX Y MOJEIb
¢dakTopiB mnpu (PiKCOBAaHOMY TMOJIOKEHHI Ha
CepeHbOMY PiBHI IHIIUX (aKTOPIB.

MaremMaTHuHO ~ 3aBJaHHA  3BOJAUTBCI  JIO
3HAXO/PKEHHS aHAIITUYHOTO BHpa3y, KOTPHH
sKHalKkpame  BimoOpaxkxyBaB  OM  3B'A30K
(GakTOpHUX O3HAK 3 PE3YNbTATHBHOIO, TOOTO
3HaiTH QyHKIiro [S]:

Y=fX1,X3,X3. Xn 9)

Haiickiaanimoo mpobinemoro € BuOip Qopmu
3B'I3Ky, AHAJIITHYHOTO BHpa3y 3B'a3ky. Ha
mificTaBi 4Yoro 3a HasABHUMH  (akTOpaMu
BH3HAYAIOTh PE3yJbTaTUBHY O3HaKy-(QyHKIit0 L5
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AX-V=P, (6)

where
1 —=xy3 —Xim
AX = : :
1 —Xp1 —Xnm

Vo
AP,

P = (7)

The system solution (7) is exist if the
determinant of AH is not zero. In this case, the
system is known to only one solution:

V=AX"1-p (8)

-1
Where AX - inverse matrix to the matrix X.

If there is a significant amount of information
on objects-analogues, the determination of the
market value of the property is still advisable
to keep within multivariate regression analysis,
which allows you to assess the extent of
influence on the study of each resultant figure
entered in the model factors in fixed position
on the average level of other factors.

Mathematically, the problem is reduced to
finding analytical expression, which would
show the linkages  between  factor
characteristics and effective, that is a function

[5]:

Y = f leX2!X3,....,X‘n (9)

The most difficult problem is the choice of
form of communication, analytical expression
of communication. Based on the available
factors which determine effective indication
function This function better than other weight
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¢byHKLig Mac Kpamie 3a 1HImI - BigoOpaxaru
peanbHi 3B'I3KHU MDK JOCITIKYBaHUM
IIOKa3HUKOM i ¢daxTopamu. Emmipuune
oOrpyHTyBaHHs TUNy QYHKIII 3a JIOMOMOTOIO
rpagiqHoro aHayizy 3B'SI3KIB TUISL
OaratoakTOpHHUX MOJIEJICH MaiKke HelTpHIaTHE.

®opmy 3B'SI3Ky MOXKHAa BU3HA4aTH JTOOWPAHHSIM
GbyHKLIA pI3HUX THUMIB, ajle M€ TMOB's3aHe 3
BEJIMKOK  KUIBKICTIO  3alBHX  PO3PaxyHKIB.
3BakarouM Ha Te, IO Oynp-sAKy (QYHKIIO
0aratboX 3MIHHUX IUIAXOM JioraprudMyBaHHsS abo
3aMiHM 3MIHHUX MO>XHa 3BECTH [0 JIHIHHOTO
BUTJISIY, PIBHSHHS MHOKHHHOI perpecii MO)kHa
BUPA3HUTHU Y JiHIAHIN Popmi:

Y= a0f+a1X1+a2X2 + -+ apXy (10)

[TapameTpu piBHSHHS OOYMCIIOIOTH CIIOCOOOM
HalMEHIINX KBaJIPaTiB.

BucHoBku

Ha cpborognimHiii 1eHs B MPAKTHIN OI[IHIOBAaHHS
00’€KTIB HEPYXOMOCTI HAKOMWYEHO 3HAYHUU
MaTeMaTUYHUN  amapaT Uil OpUHHATTA
OOrpyHOBaHUX YIpPaBIIHCbKUX pilieHb. OHaK, iX
3aCTOCYBaHHS MOBSI3aHO 3 NEBHUMHU
OOMEKEHHSIMH Ta YMOBaMH, 1[0 HAKJIAJAIOThCS Ha
BUXIIHY 1H(popMalil0 1po 00’€KTHU-aHAJIOTH.
ToMy OIiHIOBaY MOBHMHEH YBaXHO Ta PETEIHHO
HiAXOIUTH /10 BUOOPY TOrO YU IHIIOTO METOAIY
pO3paxyHKy. BpaxoByioouum MIHJINBICTb PHHKY
HEpYXOMOCTI Ta Horo OararogakTOpHICTb
BB@)XAEMO, 0 HAMOUIBIN TOIIJIFHUM € PO3BHTOK
Ta  YJAOCKOHAJEHHA METOMAIB  KOpEJsLiiHO-
perpeciiiHoro asamizy, KM HE JIUIIE J103BOJISIE
BU3HAYaTU IMOTOYHY PUHKOBY BapTiCTh 00’ €KTIB
HEPYXOMOCTi, a W BCTaHOBJIOBAaTH HACIIiJIKOBO-
OPUYMHHI  3BA3KM  MDK  (akTopamu, 110
BITMBAIOTh HA 11 (pOpMyBaHHS, 110 € HEBIAEMHOIO
YaCTUHOIO B NPHUHHATTI HaHOLIbII e(pEeKTUBHUX
YIPaBIiHCHKUX PIlLIEHb.

Jlitrepatypa
1. bepexnas E. B. Maremaruueckue MeTOAbI

MOJCIIUPOBaHUs dKOHOMHUYEeCKux cuctem / E. B.
bepexnas, B. . bepexnon. — M.: ®uHaHCHl U
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reflect the real relationships between the
studied parameters and factors. Empirical
grounding-type functions using a graphical
analysis of communications for multifactor
models almost unusable.

The form of communication could be
determined by chosing various types of
functions, but it is associated with a lot of extra
payments. Given the fact that any function of
many variables by logarithms or replacement
of variables can be reduced to a linear form,
multiple regression equation can be expressed
in linear form:

Y=a,f +a.X; +a,X, +-+ a,X, (10)

Options equation calculating method of least
squares.

Conclusions

To date, the evaluation of real estate practice
has significant mathematical tools for decision-
making to make informed management
decisions. However, their use is associated
with  certain restrictions and conditions
imposed on the initial information about
objects-analogues. Therefore, the evaluator
should carefully and closely approach the
selection of calculation method. Given the
volatility of the real estate market and its
multifactorial believe that the most appropriate
development and improvement of methods of
correlation and regression analysis, which not
only allows you to determine the current
market value of real estate, but also to establish
causal-effect connections between factors
affecting it that is an integral part in making
the most effective management decisions.
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V]IK 625.7

Cagenko B.S1., 1-p Texn. Hayk, Pakosuu I.B.

JNESIKI OCOBJIMBOCTI TEXHOJIOI'Ti BJIAIITYBAHHS JOPOXKHIX IOKPUTTIB I3
T'PABIMHO-EMYJIbCIMHUX CYMIIIEA

AHoTamisi. Y cTaTTi pO3TJSIHYTHH CBITOBHH MOCBiJ 3aCTOCYBaHHS TpaBIiHO-eMyNbCIHHUX CyMilleH, 1o
MOXXYTh OYTH 3aCTOCOBaHI Ha JOporax MICIICBOI0o 3HadeHHs. Bu3HaueHi marepiaiu, 3 SKHMHU JOIIBHO
MOPIBHIOBATH TPaBIHHO-eMYNBCIHHUX CyMilllell Ta TpOBEeNCHWH X TOpPIBHIBHHUN aHami3. BcranoBneHi
3aKOHOMIPHOCTI PO3MOJITYy MyCcTOT B IHUX CyMilllaX y TOPIBHSHHI 13 TapsuuMu acQarbTOOCTOHHUMHU
cymimamu. Po3risiHyTo 0co0nmBocTi HabOpy MIHOCTI Ta (DakTOpH, SIKi BIUIMBAIOTH Ha SKICTh BIAIITOBAHOTO
MOKPHTTS.

OO0’ €exT HOCIHTIHKEHHS — TPaBIiHO-eMYIIBCIHHI CyMiTIi.

KirouoBi ciioBa: aBToMOOUIEHA TOpOTa, TOPOKHE TIOKPHUTTS, TPaBiHO-eMYJIbCIHHA CYMIIll, MilTHICTb.

UDC 625.7
Savenko V.1., Dr. Tech. Sci., Rakovych L.V.

SOME TECHNOLOGY FEATURES PLACEMENT OF PAVEMENT WITH GRAVEL-EMULSION
MIXTURES

Abstract. The article reviewed the global experience of gravel-emulsion mixtures can be used on the local
roads. Identified materials with which it is advisable to compare the gravel-emulsion mixtures and conducted
comparative analysis. The established patterns of distribution of voids in these mixtures over hot asphalt
mixtures. The features set the strength and the factors that affect the quality of coverage held.

Object of study - gravel-emulsion mixtures.

Key words: road, pavement, gravel-emulsion mixtures, strength.

YIK 625.7
Cagenko B.S1., 1-p Texn. Hayk, PakoBuu L.B.

HEKOTOPBIE OCOBEHHOCTH TEXHOJIOT'YMX YCTPOUCTBA JJOPOKHBIX IOKPBITUM C
I'PABUMHO-9MYJIbCUHOHHBIX CMECEHA

AnHoTtamusi. B crathe paccMOTpeH MHUPOBOW ONBIT NPUMEHEHHs TPABHMHO-dMYJIBLCHOHHBIX CMECEH,
KOTOpBIE MOTYT OBITH IPUMEHEHBI Ha JIOpOraX MECTHOTO 3HaueHus. OnpezaeneHbl MaTepUaIIbl, ¢ KOTOPBIMHU
11e1€CO00Pa3HO CPaBHMBATH I'PABMUHO-3MYJILCHOHHBIX CMECEH M IPOBEJCH MX CPaBHHUTEIbHBIA aHaIu3.
VYCTaHOBJICHBI 3aKOHOMEPHOCTH paclpeieieHus] MyCTOT B 3THX CMECSX [0 CPAaBHEHHIO C TOPSYUMHU
acabToOETOHHEIME cMecsiMH. PaccMoTpeHbl 0coOeHHOCTH Habopa MPOYHOCTH W (haKTOPHI, BIUSIOIIAE HA
KaueCTBO YCTPOSHHOTO MOKPBITHS.

OOBEKT UCCIIeIOBAHNUS - TPABUHHO-IMYJILCHOHHEBIE CMECH.

KaoueBbie cjioBa: aBTOMOOWIBHAs JIOpOra, IOPOXKHOE IIOKPHITHE, TPABHMHO-3MYJILCUOHHAS CMECH,
MPOYHOCTb.
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Beryn

CydacHa JOpOXKHS Mepexa YKpaiHU CKJIajaae
Oomu3pko 170 THCSY KM aBTOMOOUIBHHX JIOpIr
3araJibHOr0 KOPUCTYBaHHS. 3 HUX JIOPIT MiCIIEBOTO
3HaueHHs 117 tuc. kM, T0OTO ONMM3bKO 70%, 1
Maii)ke yci BOHH 3HAXOHIATbCA y HE3aJ0BLUILHOMY
eKCIUTyaTallifHOMy CTaHi Ta TOTpeOylOTh He
MEHIIOI  yBarW, aHDX JIOPOTH  JIEP>KaBHOTO
3HAYCHHSI.

Mepexka  MicneBuX  Jopir  YKpaiHM — 1€
aBToMOOUTbHI ~ goporun  IV-V  xateropiii 3
HEBEJIMKOK 1HTEHCHUBHICTIO PYyXy Ta TOPIBHSIHO
HE3HAYHUMH HABaHTA)KCHHSIMH. Tomy
3aCTOCOBYBaTH TYT Ti X caMi METOJU, TEXHOJOTIi
Ta Marepiaiy, o0 i Ha Joporax BUIIMX KaTeropii,
HEe JIOIUIbHO Ta He edeKTuBHO. [loporm HIKYHX
Kareropii moTpe0yloTh IHIIOrO MIiAXOLy [0
OyaiBHUIITBA Ta pEMOHTY. BOHHM BHMararoTh
MIBUJIKOT, HEIOpOroi i yHIBEpCalabHOI TEXHOJOTIT
MIPOBEACHHS JOPOXKHIX POOIT.

EdexTuBHUM BUpIMIEHHSM HABEJACHOTO  BHIIE
MUTAaHHS MOXKE CTaTH BHUKOPUCTAHHS TpaBiiiHO-
EeMYJbCIHHUX CyMIIlIel, SKi B)KE 3aCTOCOBYIOTHCS

AK Yy KpaiHaXx JajeKkoro, Tak 1 OJM3BbKOTrO
3apyOIAOKSL.

OcHoBHa YacTHHA
BnamryBaHHS MOKpPUTTIB 13  BUKOPHUCTaHHSM

rpaBiiHO-eMYJIbCIHHUX CyMillel HaOyjao IMIMPOKOT
MOMYJSIPHOCT1, 30KpeMa, y binopycii. Tam, npu
cniBpoOiTHUITBI  KVYII «bpecrobnnoperpoit» Ta
«bennopH/Il» Oyn0 BOPOBAIHKEHO TEXHOJOTIIO
BJIAIUTYBAaHHS IIApiB  JOPOXKHBOTO Oy Ha
JOpOrax MiCIIEBOTO 3HAYEHHS 3 BHUKOPHUCTaHHSAM
IpaBifHO-EMYNIbCIHHUX CyMIIIed HPUCKOPEHOTO
dbopmyBanns. Tak, ngocmiaHi AUIIHKA — Oyid
30ynoBaHi B psal paiioHiB bpectcbkoi obnacti i3
BUKOpHcTaHHsAM yctanoBok Midland MX-85 Ta
Henbta-100. 3a pesynbraTamu poOiT  Oynu
BHU3HAuU€H1 OCHOBHI ()13MKO-MEXaHI14HI BIaCTUBOCTI,
30KpeMa, Meka MIIHOCTI Ha CTUCK NpHU
temneparypt +20°C, koeQili€eHT BOJOCTIHKOCTI
IpU TPUBAIOMY BOJOHACHYEHHI, BOJOHACHYECHHS
Ta HaOyxaHHsi. BcTraHoOBI€HO, MO0 BIACTHBOCTI
BIIMOBIAAIOTh SIK  Oumopyckkum [1], Tak 1
MDKHapoJAHUM BuMoram [2] no matepianiB. Okpim
TOr0, 3aCTOCYBAaHHS IMX CyMillIedl Jano 3Mory
3HM3UTH aMOPTH3alliifHI Ta eHepreTUYH1 BUTPATH.

I'paBiitHO-eMysIbCIHiHI CyMIIIl  3aCIyrOBYIOTH Ha
yBary uepe3 Te, II0 MalOTh psAJ] IepeBar Iepen
rapssauMu  ac(haabTOOCTOHHUMH CyMIIIaMH, IO
HaifuacTile BUKOPUCTOBYIOThCS B YKpaiHi, a came:
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Introduction

The modern road network of Ukraine
consist of about 170 thousand km of public
roads. Of these local roads is 117 thousand
km, or about 70%, and almost all of them
are in poor operating condition and require
no less attention than the roads of national
importance.

The network of local roads Ukraine - it's
roads 1\VV-V categories with little traffic and
relatively small loads. So here apply the
same methods, technologies and materials
on roads and higher categories are not
appropriate and efficient. Roads lower
categories require a different approach to
building and repair. They require fast,
inexpensive and versatile technology of
road works.

An effective solution to the above
questions can be used gravel-emulsion
mixtures which are already used in
countries far and near abroad.

Main part

Covering surfaces using gravel-emulsion
mixtures gained popularity, particularly in
Belarus. There, in cooperation PMU
"Brestobldorstroy” and  "BeldorNDI"
technology was introduced arranging
layers of pavement on local roads using
gravel-emulsion  mixtures  accelerated
formation. Thus, the research plots were
built in some parts of the Brest region
using plants Midland MX-85 and Delta
100. The results of work were the basic
physical and mechanical properties,
including tensile strength in compression
at + 20 ° C, the ratio of water resistance for
prolonged  water  saturation,  water
saturation and swelling. It was established
that the properties meet both the
Belarusian [1] and international
requirements [2] to the materials. In
addition, the use of these compounds made
it possible to lower depreciation and
energy costs.

Gravel-emulsion mixtures are noteworthy
because they have several advantages over
hot asphalt mixtures, which are often used
in Ukraine, namely: they can be used at
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iX MOXIMBO BHKOPHUCTOBYBAaTH 3a HIKYUX
TeMIieparyp, HDK Tapsuuii acdanabTOOETOH Ta
30epiratu 10 4 MICSIIB Yy BUIJISIII IPUAATHOMY IO
YKJIaIaHHS. Leit Marepian 3a3BU4ai
BUKOPHUCTOBYIOTh B SIKOCTI TIOKPUTTS Ha JOpOrax
IV-V xareropiii, TOOTO camMe Ha JOpOTax MiCIIEBOTO
3HAYEHHS, 1 IIapiB OCHOBH HA JIOPOTax BHUIIHMX
KaTeropiii. 3acTocyBaHHS TpaBIMHO-EMYJIbCIHHUX
cymimied mepenbavae  iX ~ IPUTOTYBaHHS Y
IPYHTO3MIITYBaJIbHIX yCTaHOBKax 3
BUKOPUCTaHHSAM MICIIEBUX MaTepiaiiB i OITyMHOT
eMYJIbCii, 110 CYTTEBO 3HHMIKYE BAapTICTh T'OTOBHX
CyMIIIEH.

OxpiM TOro, 3aCTOCYBaHHs IpaBiiHO-eMYJIbCIHHUX
cymimed Mae cBOi ocoOmmBOCTI. 30Kpema,
3aCJIyrOBy€ Ha yBary Te, IO Y CBIKEBKIAJICHOMY
mapi MPUCYTHS 3HAYHO OUIbIIA KUIBKICTH TOp 1
MyCTOT MOPIBHSHO 13 rapsiauMHu
achasbToOeTOHHUMHU cymimamu (puc. 1, 2).
Benuka kinmpkicTh ApIOHUX MYCTOT B CyMIilli
IMOBIPHO 3 SIBIISIETHCSI BHACIIJOK KOAQJISCICHIIIT
YacCTUHOK OiTyMy, a TaKoX TOMY, IO TIpU
TeMIeparypi HaBKOJIMIIHBOTO CepeIoBHINA
B’s3KiCTh OiTyMy Bumie. Lli MOpOXHMHH BaKKO
BUJATUTH O€3M0CepeIHbO MPH YHIUIBHEHHI, TOMY
JaHWi Tporec BinOyBaeTbcs TMOCTYIOBO  IiJT
BIUIMBOM pPyXy aBTOTPAHCIIOPTY 1 IOTOJHO-
KIIIMaTUYHUX (aKTOPIB.
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Pucynok 1 — Po3nozin mycror mo po3mipam B rapsiaii
acQanbToOeTOHHIH cyMmin
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Pucynox 2 — Posmomin mycToT Mo po3MipaM B

rpaBiiiHO-eMYJIbCIHHIN cymimTi
SAx Hacmigok, B MpoIeci 3MEHIIEHHS KUIBKOCTI
OycTOT y IIapi, BJAIITOBAHOMY 3 TIpaBiliHO-
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lower temperatures than the hot asphalt
and save up to 4 months in a suitable
packing. This material is usually used as a
coating on the roads of IV-V categories
that is on local roads, foundations and
layers on the roads of higher categories.
The use of gravel-emulsion mixtures
involves cooking them in soilmixing
machines wusing local materials and
bitumen emulsion, which significantly
reduces the cost of ready-made mixes.

In addition, the use of gravel-emulsion
mixtures is different. In particular,
noteworthy that in layer there is a much
larger number of pores and voids relatively
hot asphalt mixtures (Fig. 1, 2). A large
number of small voids in the mix appears
likely due to coalescence of the particles of
bitumen and that the ambient temperature
above the viscosity of bitumen. These
cavities are difficult to remove directly
during compaction, so this process is
gradually influenced by traffic and weather
and climatic factors.
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Figure 1 — The distribution of voids by size in
hot mix asphalt
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Figure 2 — The distribution of size of voids in
a gravel-emulsion mixtures

As a result, in the process reducing the
number of voids in the layer arranged with
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eMyNbCIHHUX cyMmiled, Oyae 30inIbLIyBaTHCS
MOJYNb MPYXHOCTI TOKpUTTS. BumiproBaHHs,
MPOBE/ICHI HA TpamlelieBUIAHUX 3pa3Kax, B3ATHX i3
MNOKPHUTTIB IMOKa3ajiH, W0 MpoTsiroM mepumx 10
MICSIIIB TOKPUTTSI Pi3KO 30UIBIIYE CBOIO MILIHICTb 1
OPOTATOM HACTYMHUX 5 MICALIB IOCTYIIOBO
HaOupae  MIIHICTh,  JOCATAIOYM 3  YacoM
MakcUMabHOTo 3HaueHHs (puc. 3) [3].
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cti MITa

onyfb IPYK

500 -
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10 15 22 29
TepMiH ekcrutyaTarii HOKPUTTS, MIiCsILiB

Pucynoxk 3 — Moayns TpYyKHOCTI 3pasKiB,
BUMIPSIHUI IPOTATOM 4acy eKCIUTyaTawii HOKpUTTA

[TapameTpu, 1m0 XapakTepU3YyIOTh KOXKEH eTall
KUTTEBOTO  [HKIY, OYyIyTh  3aJekKaTH  BiJ
[IOYaTKOBOT'O CTaHy JOPOXKHBOI'O MOKPHUTTH, SKE B
CBOIO uepry Oyzae BU3HAYaTUCS crocoboM miadopy
Ta TMPUrOTYBaHHA CyMillll, a TakKoX SKICHO
BUKOHAaHUMHU poboTamMu 3 1i ykimagaHHs. SKicTe
POOIT 3 yKJIaZaHHS TOJIOBHUM YMHOM BU3HAUYAETHCSA
CTYIIEHEM YUIUIbHEHHS.

TakuM 4YMHOM, CTa€ OYEBHUIAHHMM, IO IS
eMYJIbCIHHO-MIHEpATbHUX CyMilllel, 10 MAaloTh
P OCOONMBOCTEHM, HEOOXiIHI BJIACHI METOIN
nigbopy ckiagy 1 BUNpoOyBaHb, BIIMIHHI BiJ
ICHYyIOUMX U1 rapsuux  acgaibTOOETOHHHUX
CyMIIIEH.

Ha xanp, y mammii ywac B VYkpaiHi
HOPMAaTHBHOTO  JOKYMEHTa, IO  BH3HAaYae
mporuenypy — miabopy — CKIamy — eMyJbCiitHO-
MiHEpalbHUX  CyMilllel, TakKoX HE  ICHYE
periJamMeHToBaHOTro MeTony BumpoOyBanb EMC,
o BpaxoByBaB Ou croenudiddai 0COOIMBOCTI
MaTepiajiB JaHOTO TUITY.

HEMae

BucHoBku
3acTOCYBaHHS T'PaBIHO-EeMYJIbCIMHUX CyMIIIeH Ha
aBTOMOOUTBHUX JOporax YKpaiHW, HE JAWUBISYUCH
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gravel-emulsion mixtures will increase the
modulus of elasticity of the coating.
Measurements conducted on trapezoidal
specimens taken from surfaces showed that
during the first 10 months of coverage
greatly increases its strength over the next
5 months, slowly gaining strength,
eventually reaching a maximum value

(Fig. 3). [3]
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Operation life of pavement, months

Figure 3 — The modulus of elasticity of
samples measured over time coating
operation

The parameters that characterize each stage
of the life cycle, will depend on the initial
state of the road surface, which in turn will
be determined by the method of selection
and mixture preparation and quality work
to its conclusion. The quality of the work
on laying mainly determined by the degree
of compression.

Thus, it becomes apparent that emulsive
mineral mixtures with a number of features
needed their own methods of selection and
testing other than for the existing hot mix
asphalt.

Unfortunately, at present in Ukraine there
is no legislative instrument that determines
the procedure for the selection of
emulsion-mineral mixtures, as there is no
regulated EMC test method that would
take into account the  specific
characteristics of this material type.

Conclusions
The use of gravel-emulsion mixtures roads
Ukraine, despite their obvious benefits, is
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Ha iX OYEBHMIHI BHUIOJIM, Hapas3l HE JOCTaTHbHO
BHBYCHE, OCKUIBKM HE ICHY€ IOBHOI aHaIOrii y
MOBEIIHIII TpaBifHO-EMYJIbCIHHUX CyMiled Ta
rapsuMx 4M  XOJNOJHHX  achaibTOOETOHHUX
CyMilllel, HaBiTh SKIIO BOHM CKJIAQJAIOThCS 13
TaKOTO XK 3aIIOBHIOBAaYa 1 TAKO1 3K KUIBKOCTI OITyMY,
BBEJICHUX 3 OJTHAKOBUM BiJICOTKOBHM
CHiBBiAHOMICHHSM. ToMy mMOTpiOHO IOCTIAUTH
mpouecu  miabopy  ckiamy  cymimed, — ix
MPUTOTYBAaHHA Ta YKJIaJaHHSA, HAOOPY MIIHOCTI
MOKPUTTSI Ta CTPOKY CIYXOM Yy BITUM3HSHHUX
KIIMaTHYHUX  Ta  GKCIUTyaTalliiHUX  yMOBaXx,
BCTAHOBHUTH ONTUMAIbHI PEKUMU iX 3aCTOCYBAHHS,
10 BpPaxoBYBaJlu O OCOOJIMBOCTI MaTepiany LbOTrO
THUITY.
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Penenszentn:

not yet sufficiently examined, because
there is no complete analogy behavior
gravel-emulsion mixtures and hot or cold
asphalt mixtures, even if they consist of the
same filler and such the same amount of
bitumen, entered with the same percentage.
Therefore, we must examine the processes
of selection of the compounds, their
preparation and conclusion, set coatings
durability and service life in local climatic
and operating conditions, to establish
optimum conditions of use, which take into
account the peculiarities of this type of
material.
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OcobnmBa yBara NpHIUIIETHCS OCYLIICHHIO IPSHAKHUX IapiB TPyOUaCTUMH BOPOHKAMH.
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Merta poboTH — mpoaHai3yBaTH HAJAXOKEHHSI BOJIOTH 10 JPEHAKHOTO Iapy TOPOXKHBOI KOHCTPYKIIi Ta
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and the basic principles draining subgrade drainage systems. Particular attention is paid to drainage tube
drainage layers craters.

The object of study — drainage layer.
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KOHCTPYKIUSIX M U3JI0XKEHbl OCHOBHBIE HPUHLMUIBI OCYIICHHS 3EMIISIHOTO IMOJIOTHA JAPEHAXHBIMU
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Beryn
JlpeHa)kHI ~ KOHCTPYKLIi Ha  aBTOMOOUIBHHMX
JIOpOrax BIAIITOBYIOTbCA JJIsI  3a0e3MeueHHs

CTIHKOCTI 3e€MJITHOTO IIOJIOTHA Ta HaWKpPAIIoro
3aXUCTY BiJ MIePE3BOJIOKCHHS OCHOBH
JIOPOKHBOTO OJIATY MOBEPXHEBUMH Ta IT1I36MHUMHU
Bojamu. Bojora B OCHOBY HPOCOUYYETHCS Uepe3
Mopu 1 TPINMHA TOKPUTTA Ta  [UIIXOM
KaIlISIPHOTO MIHATTS, TMOSABY SKHX 1 PO3MOALT IO
IJIOIIMHI  TIOKPUTTS Tepea0avYnTH  3a3/ajeriab
HEMOXJIMBO. ToMy JpeHak TOBUHEH 3a0€3MeUnTH
30ip 1 BiABiA BOAU 3 OyAb-SIKOi TOYKU TOKPUTTS
0e3 mepepuBaHHs PyXy, B OyAb-sIKUi MIEpioj] POKY.
Heo0OxigHO a1 (o]4} JIpEeHaKHA KOHCTPYKIIiS
PO3MOBCIOKYBAJIACH IO HU3Y TTOKPHUTTS HA TIOBHY
oro ummpuny. Ha nanuii MOMEHT BiACYTHI
BOJIOHETIDOHUKHI ~ MOKPUTTS, #AKI 3Morim O
MONEPEIUTH HAJXO/DKCHHS BOJIOTH B JOPOYKHIO
KOHCTPYKIIIFO ~ Ta  3a0e3MeYuTH  JOCTaTHIO
BojocTilikict. Came  TOMy  NIPOEKTYyBaHHS
IpeHaXHOi cHcTeMH MOTpiOHO mependadaTH MpU
OyIIBHUITBI SIK KOPCTKUX, TaK 1 HEXOPCTKUX
THUIIIB TOKPUTTSL.

OcHOBHA YacTUHA

HaniitHicTh 1 JOBrOBiYHICTh aBTOMOOUIBHUX JOPIT
3a0e3MeYy€eThCsl  HAJICKHUMH  KOHCTPYKIIISIMU
JOPOKHBOTO OJATY Ta 3EeMJITHOTO TIOJIOTHA.
OcHoBHa  mpWYWHA  pPYyHHYBaHb  IOKPHUTTIB
MOB’si3aHAa 3  TMEPE3BOJOKEHHSIM  JIOPOKHBOI
KOHCTPYKIlII  uepe3 HEe3a/I0BUTbHHM CTaH
IpeHaxHuX cucteM. EdeKTHBHICTH OCYIICHHS
OCHOBH TIOKPHTTS 3aJICKUTh BiJl IPUPOTHUX YMOB
MICIIEBOCTI, MPOQUI0 aBTOMOOUIBHOI J0pOrH,
(b13UKO-MEXaHIYHUX BJIACTUBOCTEN THICKY,
JOTPUMAHHS TEXHOJIOT1I OyIiBHUIITBA 1
KOHCTPYKIIii camoro apenaxy [1]

JlpeHaxxi MIJKOro 3ajsiraHHS 3acTOCOBYIOTH Ha
TUISTHKaX MaJIUX HACHWIIIB, BUIMKAX, B «HYITbOBHX)»
MICIIIX y BUNAQJKY 3HAYHOTO IPHUTOKY BOAH B
aKTUBHY 30HY 3eMJIsTHOro moiioTHa. KoHcTpykiii
TaKOTO THITy BUKOPHCTOBYIOTH JJIS BiJBEICHHS
BOJIOTH 3  BEpPXHbOI  YAaCTUHU  OCHOBHU
aBTOMOOIJIBHOI JOPOTH y TEIUTHH Tepioa poKy abo
B nepiof BiTaBaHHSL. Taxox BOHH
BHKOPHUCTOBYIOTh TUTST MPOCYIIYBaHHS
JpeHylo4Yoro  Mpolapky, sSKuid  3abesnedye
¢bimpTparito  KanmIsApHOi  Bojord.  JpeHaxHi
KOHCTPYKILIi  MUIKOrO  3ajsiraHHs  MOTPiIOHO
MPOEKTYBATH y BUIAJKY, KOJIU KUIbKICTh BOJIHU, 110
HAJXOJUTH 0 aKTUBHOI 30HU 3€MJISHOTO TOJIOTHA
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Introduction

Drainage construction on highways
arranged to ensure the stability of the
roadbed and the best protection from
waterlogged foundations pavement surface
and groundwater. Moisture seeps through
the foundation pores and cracks and
coating by capillary rise, whose appearance
and distribution of the coating plane
predict in advance is impossible. Because
drainage should ensure the collection and
removal of water from anywhere in the
coverage without interrupting traffic, in
any season. It is necessary to design
drainage was spread on the bottom cover to
its full width. Currently there are no
waterproof coating, which could prevent
the flow of water in the road construction
and provide sufficient water resistance.
That is why the design of the drainage
system must provide at building a rigid and
non-rigid types of coverage.

Main part

Reliability and durability of roads provided
with adequate structures pavement and
subgrade. The main cause of damage
coverages associated with waterlogged
road construction because of the poor state
of drainage systems. Efficiency draining
foundations coverage depends on natural
terrain, road profile, physical and
mechanical properties of sand, compliance
technology construction and design of the
drainage [1].

Drainages shallow bedding areas used for
small embankments, excavation, a "zero"
in the case of a substantial inflow of water
into the core of the roadbed. Structures of
this type are used for removal of moisture
from the top of the foundations of the
highway in the warm season or during
thawing. They are also used to dry draining
layer, which provides filtering capillary
moisture. Drainage structures should be
designed shallow occurrence when the
amount of water supplied to the core of the
roadbed in the fall, spring or summer, more
than can be accommodated in the lower
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B OCIHHIHM, BECHSHHMI 4M IITHIA Tiepiof OinbIia,
HDK MOX€ PO3MICTUTHCS B HIDKHIX IIapax
JTOPOKHBOTO OJATY Ta MiJCTHUIIAIOYOMY IPYHTI O€3
BTpaTH CTIMKOCTI OCHOBH aBTOMOOUIBHOI JOpOTH

[2].

Y OpOoXHBOMY OAsI31 1 3eMJISTHOMY IOJOTHI
OJIHOYACHO MPOXOJIUTh KiJIbKa MPOIECIB:

- TEIUIOOOMIH 3BOJIOKEHOTO Matepiany 3
MIPU3EMHUM MOBITPSIM;

- nudysig napu i BOJM B Iopax marepiany;

- iH(}IBTpalig onaaiB yepe3 TPIIIUHKA B OJISAT
1 IIOJIOTHO;

- iH}inbTpamis BOIM B IMOJOTHO 3 OOKYy
y3014us Ta iH.
Oco6muBocTi BO/IHO-TEIIJIOBOTO pPeKUMY
TOPOXKHIX KOHCTPYKIIIN BHU3HAYAIOTHCS
JDKepesiaMu 3BOJIOKeHHS. (puc. 1).
KoporkoyacHuM, ane  HAHOUTII ~ aKTUBHUM
JoKepenoM € atMocdepHi  omaau.  Bonum
3BOJIOKYIOTH IIApH KOHCTPYKILIi MpH iCHYBaHHI B
JOPOKHBOMY  TOKPHUTTI  TPIIIMH  BHACHIJIOK
HEHOPMAJIBHOTO YTPUMaHHS JOpIir ab0 y BHITAIKY
HAsSBHOCT1 BOJOTIPOHUKHUX MOKPHUTTIB.
B mepion iHTEHCHBHUX JOIIiB, CHITOTAHCHHS a00
MTOBEPXHEBOTO CTOKY B 3€JI€HIH 30HI BiJOYBAETHCS
MPOMOYYBaHHS IPYHTY. 30Ha MaKCUMAIBbHOI
iHOnbTpaLii BOIU B I'PyHT Moxke jocsaratu 50—
100 cm.
B pesynpTaTi CTBOPIOETHCS TMEBHAa HebOe3Mmeka
OOKOBOT0 KaIUIIPHOTO i TUTIBKOBOTO 3BOJIOKEHHSI.
Jlxkepeno 2 KOpOTKOYacHe 1 NpU HOPMAaJIbHO
VILUJIBHEHOMY IPYHTI IOJIOTHA HE fBJIsE€ COOO0IO
Hebesneku.[3,4].

Y v s =N\
2 [ J—
YN 3e ) Yy
Pucynok 1 — OCHOBHI JpKepena 3BOJIOKEHHS

JIOPOKHBOTO OJIATY 1 3eMIISTHOT'O TTOJIOTHA:
1 - armMocdepHi onany; 2 - BojIa B KaHABAX;
3 - miy3eMHa Boja; 4 - maporoAiOHa Boyiora

I[luTtoma Bara TX  JDKEpPEN  3BOJIOKEHHS
BIJIPI3HAETBCS B 3aJEKHOCTI BiJl JAOPOKHBO-
KJIIMAaTHYHHUX 30H, TAKOXK €PEKTUBHICTH i1 Ha

JOPOKHIO KOHCTPYKIit0 pi3Ha. Ha manuii dac
3BOJIOKEHHIO JIOPOKHBOT KOHCTPYKITIT
aTMoc(hepHUMH OmMaJaMy TMPUIUICHA HE JOCTaTHS
yBara, xo4a came BiJ] IIbOTO JKEpesia 3BOJI0KESHHSI
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layers of pavement and underlying soil
without buckling road foundations [2].

In road robe and roadbed simultaneously
through several processes:

- moist heat exchange surface material
from the air;

- diffusion of steam and water in the
pores of the material;

- rain infiltration through cracks in the
clothing and linen;

- infiltration of water into the canvas by
the wayside and others.
Features water and thermal regime of road
structures defined sources of moisture.
(Fig.1).
Short, but the most active source is
precipitation. They moisturize layers
design for the existence of cracks in road
surfaces due to abnormal road maintenance
or in case of permeable surfaces.
During the intense rain, snowmelt or runoff
in the green zone is soak the soil. The zone
of maximum water infiltration into the soil
can reach 50-100 cm. This creates a danger
of lateral capillary film and moisture.
Source 2 short and in fine linen compacted
soil is not a danger [3, 4].

RARREERE
. AN

S RBDREL il

Figure 1 — The main sources of the
moisture of the pavement and subgrade: 1 -
precipitation; 2 - the water in the ditches; 3
- underground water; 4 - vapor moisture

The weight of these sources of hydration
differs depending on traffic and climatic
zones; the efficiency impact of road
construction is different. Currently, the
dampening of road construction
atmospheric deposition not given sufficient
attention, although it is from this source of
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HAJXOJUTh BEJMKa KiJbKICTh BoJIOTH. [HOpMartis
PO HAJIXOJPKEHHS BOJIOTH BiJ LIOTO JDKepesa He
MOXK€ OyTH MOBHICTIO aKTyaJlbHO B 3B’S3KYy 3i
3MiHAaMH  KJIIMaTy, SKi CIOCTEpIraloThCs Ha
TepuTOpil YKpaiHu 32 OCTaHHI JEKiTbKa POKIB.

[Tepepo3noiyi BOJOTH B 3UMOBHMA Tepiof i
HaKOMMYCHHS ii B BEPXHIX IIapax 3eMJISTHOTO
MOJIOTHA B KpuUCTamiuHid ¢opmi — mporec
MOpOo3HOTo 31uMaHHs. [Ipu mpomepsaHHi IpyHTY
BOJIOTA, IO HAKOIUYYEThCS B OCIHHIN mepion,
MepepO3NOILIAETHCS 3aBJISAKHI cuJIaM
KpHUCTami3aii. [Tpu MOHMKEHHI MEX1
MpoMep3aHHs BiI0yBA€ThCS MiATATYBAHHS BOJIOTH
i3 HwKHIX mapiB 1pyHTy. [lpm HermmOoxomy
3alsrTaHHl BiJl TOBEPXHI 3€MJII IPYHTOBUX BOJ
IHTCHCHBHICTH ~ 3UMOBOTO  BOJIOTOHAKOITHYCHHS
0COOIMBO 3pOCTa€, KOMU (PPOHT TpoMep3aHHS
mocsarae piBHS KaIUIIPHOTO I THATTS.
[IpoMep3aHHsT  BOJOHACHYEHOTO  3JUMAJIbHOTO
IPYHTY CYIPOBOJIKYETHCS YTBOPEHHSM B HBOMY
MEp3JIMX MPOIIAPKiB 13 BOJOTH, 110 HAKOMTUYHIIACS
MpOTSrOM  TEpIIOi  CTajli, TOBIIMHA  SKHUX
301BIIYETHCST 1O Mipi Mirpamii BoAM 13 mapiB
IPYHTY, IO PO3TALIOBaHI HUXKYE PiBHS IPYHTOBHX
BoA. YuM rnubie mpomMep3aHHs BXOJIUTH B 30HY
KanuIipHOrO MIAHSATTS, OCOOJMBO B 11 HUXKHIO
YacTHHY, J¢ Oinbllla YacTHHA BOJIOTH mepedyBae y
BUIBHOMY  CTaHl, THUM  OuIbIlle  3UMOBE
BOJIOTOHAKOIIMYEHHs. [PYHTOBI BOAW CHOPUSIOTH
3BOJIOKEHHIO 3€MJISTHOTO TOJIOTHA. YWM IIBHUIIE
BiIOYBAa€ThCS  3HWKEHHS  TEeMIIEpaTypu, THUM
MEHIIIE BOJIOTH BCTUTA€ TMEPEMICTHTHCS 3 HIDKHIX

OUTpII TEIUIMX IIApIB Yy BEPXHIO YaCTHHY
3eMJITHOro mojotHa. ToMmy M’sika 3uMa 3
MOCTYIOBUM i HE3HAYHUM 3HUKEHHSAM
TeMnepaTypu HaHOCHUTh OLTBIITY KOy
3eMJITHOMY IIOJIOTHY. [7]

OnHouacHo 3 HaKOMHUYCHHSIM BOJIOTH

B1/I0YBA€TbCS MOPO3HE 3IUMaHHS IPYHTIB, IO
CYNIPOBODKYEThCSI  iX  pO3yLIUTbHEHHSM. Ha
IHTEHCUBHICTh 3MMOBOI'O BOJIOTOHAKOMMYEHHS 1
3MUMaHHSA, OKpIM  IIBUAKOCTI  IpPOMEp3aHHsS
I'PYHTY, BIUIMBA€ TaKOX LIBUIKICTH Mirpaiii BOaH,
fgKa 3aJeKUTh BiJA BHUAY IPYHTY, CTyIeHI ioro
VILUIBHEHHS 1 B1J] YMOB IiITOKY BOJIOTH,

B TOMY 4YHCIi, BiJi HAasBHOCTI IPYHTOBOi BOJH.
HaiiGinpm HeOGe3meuHi MuiyBaTi IPYHTH, Y SIKUX
BEJIMKA ITOBEPXHEBA CHEPTisl MOEAHYEThCS

3 MajluM ONOpOM MiAWOMYy BOJM Yy TMOpax,
BHACHIIOK YOTO MIBUIKICTH MIATOKY BOAHU B 30HY
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moisture plenty of moisture. Information
on the flow of moisture from this source
may not be completely true in connection
with climate changes, which observed in
Ukraine over the past few years.

The redistribution of moisture in the winter
and its accumulation in the upper layers of
the subgrade in crystalline form — the
process of frost heave. When freezing of
the soil moisture, which accumulates in the
autumn, redistributed due to the force of
crystallization. At lower border of freezing
is pulling moisture from the lower soil
layers. In shallow layers from the ground
surface to groundwater, the intensity of the
winter accumulation of moisture especially
increases when the freezing front reaches
the level of capillary rise. Freezing of
moisture and swelling soil accompanied by
the formation of frozen layers of moisture
that had accumulated during the first stage,
the thickness of which increases as the
migration of water from the soil layers
located below the groundwater level. The
deeper the frost line is in the zone of
capillary rise, especially in its lower part,
where most of the moisture is in a free
state, especially winter accumulation of
moisture. Groundwater contribute to the
moistening of the subgrade. The faster the
decrease of the temperature, the less
moisture manages to move from the lower,
warmer layers in the upper part of the
subgrade. Therefore, mild winter with a
gradual and slight decrease in temperature
has a greater effect on the roadbed. [7]

Along with the accumulation of moisture is
frosty swelling soils, accompanied by
thinning them. The intensity of the winter
accumulation of moisture and swelling
than the speed of freezing soil also affects
the rate of migration of water, depending
on the type of soil, degree of compaction
and moisture inflow of conditions,
including the availability of groundwater.
The most dangerous silty soils, where high
surface energy combined with low
resistance rising water in the pores,
resulting in a rate of inflow of water in the
area swelling and the formation of large ice
lenses in the soil is intensively.
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3MUMaHHS BEJHMKa 1 YTBOPEHHS JbOJSHHUX JIH3 B
IPYHTI BiI0YBa€ThCs IHTCHCUBHO.

3UMOBE  HAKONHMYECHHS BOJOTHM B  IPYHTax
BiIOYyBAa€ThCSA LUIIXOM ii TMEpPEeMIlIeHHS 3a
HaIpsIMKOM TETIOBOTO MOTOKY 3HHU3Y 1 3 OOKIB, BiJ
OLIbII TEIIMX MICIb M0 OUIBII XOJIOOHMX, 3a
paxyHOK TIepEepO3MOJALTy BHYTPINIHIX 3amaciB
BOJIOTH 1 11 Mirparii Bii piBHs Mmig3eMHHUX BO.[3-5]

BinHOBIEHHS 1 TOCTYIIOBAa HOpMaTi3allisl JIITHHOTO
BOJIHOTO pPEeXHMY IpyHTOBoro macuBy. Ilo Mipi
NPOTpiBaHHS 3EMIITHOTO TIOJIOTHA ITOYHMHAETHCS
Mepio — MPOCUXAHHS IPYHTIB, TOOTO 3MEHIIICHHS
iX BOJIOTOCTi 1 BIJHOBIJICHHS IIUIBHOCTI 1 HECYdJOi
31aTHOCTI. B 1eit nepion pkepenoM 3BOJIOKEHHS €
atMocepHi  omamu. Bucoka  IHTEHCHBHICTH
BHUIQJIaHHS JITHIX OMajiB 1 BEIUKUH JediluT
BOJIOTOCTI TIOBITPSI HE CIPHSIOTH yTBOPEHHIO
BEJIMKUX 3alaciB BOJOTM Yy BEpPXHIM YacTUHI
3eMJISIHOTO TOJNIOTHA. [lpm mOBHOMY poO3TaBaHHI
3eMJISIHOT'O TIOJIOTHA B IPYHTaX 3aJIUIIAETHCS JIUILE
KaIIsIpHO-PO3IMKHYTa (miBinieHa) BOJIA.
BinOyBaeTbcs iHTEHCHBHE BUIIAPOBYBAHHS, MIPUTIK
BOJIOTH 3HH3Y BiJI IPYHTOBUX BOJI 3MEHIIYETHCA, &
B JIeSKMX BUIAJKaX 1 30BCIM 3YHNUHSIETHCH,
OCKUIbKHM B 1I€W mepioj BiAOYyBa€eTbCs MOHMUKEHHS
PiBHS IPYHTOBUX BOJ.

3HIKYEThCS BOJIOTICTh Ta MiABUINYETHCS MII[HICTh
rpyHty. Jas  1mporo  mepiogy  XapakTepHi
MiHIMaJIbHA BOJOTICTH 1 MakCUMalbHa MIIILHICTE
I'PYHTIB 3€MJISTHOTO MOJIOTHA.[5,0]

JlpeHa)kHa cHUCcTeMa MIJKOTO 3aKJIaJIEHHS MOXe
CKJIQIaTUCS 13 KOHCTPYKTUBHUX €JIEMEHTIB, 5Kl B
3aJIEKHOCTI BijJl Opi€HTaIii BIAHOCHO OCI JOPOTH
MO>KHA TIOJIIJTUTH HA TPU TPYIIH:

1) moaTKOBUM 1IAp OCHOBH JIOPOKHBOTO OJIATY
(ZpeHaxHuii map);

2) TO3JO0BXHI €JIEMEHTH JApPEHaXxy MUIKOTO
3aKJIaJCHHS;

3) momepeyHi €JNEeMEHTH JPEeHaXy MUIKOTO
3aKJaJeHHS.

[Tapamerpu  m10JATKOBOTO APy  OCHOBH
JOPOKHBOTO  OASATY  (OpPEHAXXHOro  Iapy)
PO3paxoBYIOThH 3a JBOMA METOJIAMU:

- OCYILIEHHS — JUTSt IJIOPIYHOTO
PO3paxyHKOBOTO TEPiOy;

-  TOTJMWMHAHHA —  TepioJ  po3TaBaHHS

MTONIEPEYHHUX BHUITYCKIB.
JIoIaTKOBUM IIAp OCHOBU JIOPOXKHBOIO OJATY,
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Winter moisture accumulation in soils
occurs by moving it in the direction of heat
flow from the bottom and sides, from
warmer to colder places, through the
reallocation of internal reserves of
moisture and migration of groundwater
levels [3-5].

Restoration and gradual normalization
summer water regime of the soil mass. As
the heating period begins roadbed - soil
drying, ie reduce their moisture, restore
density, and load capacity. During this

period, humidification ~ source IS
precipitation. High intensity loss of
summer rainfall and a large deficit

humidity contribute to the formation of
large reserves of moisture in the top of the
subgrade. A full melting of subgrade soils
in is only open capillary (suspended)
water. There is intensive evaporation of
moisture inflow from the bottom of
groundwater is reduced, and in some cases
stopped altogether because in this period
the lowering of groundwater.

Reduced moisture and increases the
strength of the soil. This period
characterized by minimum and maximum
moisture density of soil subgrade [5,6].

The drainage system is shallow may
consist of structural elements, which,
depending on the orientation of the axis of
the road divided into three groups:

1) additional layer of pavement bases
(drainage layer);

2) longitudinal
drainage;

3) transverse elements shallow drainage.
Options additional layer of pavement bases

elements shallow

(drainage layer) calculated by two
methods:

- draining - for year-round settlement
period;

- acquisitions - during thawing cross-
releases.
An additional layer of pavement
foundations, calculated by the method of
absorption used alone, without
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PO3paxoBaHMIA 3a METOA0M MOTJIMHAHHSA
3aCTOCOBYETHCS CaMOCTIHHO, 0Oe3 TO€IHAHHS 3
IHIIUMU €JIEMEHTAMU.

OnHUM 3 BaXJIMBHUX MOKA3HUKIB MPH PO3PAXYHKY
APEHAXXHOIO0 1Iapy € MaKCUMajbHE 3HAYCHHS

TTUOUHU ¢inpTpaniiHoro HOTOKY SIKe
BU3HAYA€THCS 3a (POPMYIIOH0:
Qp'T3an
h’HaC (l)

N q3—q1’

ne  Qp— pO3paxyHKOBUM IMHUTOMHH HAJJIUIIOK
BUIBLHOI BOIIH 3 1m? JPEHYIYOro 1apy, MS/z[o6y;
T, — Yac po3Mep3aHHs BHUITYCKIB Ta JIpeH, 100a
(npuiiMaroTh PiBHUM HE MEHIIE, HDK TpU A00H,
OpU  yIOCKOHAJCHWX TUMAX TOKPHUTTIB, 1 HeE
MEHIIIe, HIK JIBl, — IPH MEPEXiTHUX );

(3— KUIBKICTh BIJIBHOI BOJIM, SIKA TIOTJIMHAETHCS
JIPEHYIOYHMM IIapoM TOBIIMHOIO B 1 ¢M Ha turommi 1
M2, M/M? 3a no0y;

(>—KITBKICTh KaIlJIAPHOT BOJH, SIKA TOTJIMHAETHCS
JPEHYIOYHM IIapoM TOBIIMHOIO B 1 cM Ha mutomi 1
M?, M/M? 3a no0y

@®opmyna (1) ngilicHa JuIIe MOpd  MUTOMOMY

3
M v
HAJUIMIIKY BOJIOTH Qp < 0,003 —; 3a foby W
M
MaJIuX 3HaYeHHAX Koe(ilieHTa QpuIbTpamnii mcKy.

JlomaTKOBUM IIap OCHOBU JIOPOXKHBOI'O OJATY,
pO3paxoOBaHUIl 3a METOJIOM OCYUIEHHS, MOXeE
3aCTOCOBYBAaTUCh SIK CaMOCTIHHO (3 BHXOJIOM Ha
YKOCH 3€MJITHOTO TIOJIOTHA), TaK 1 y MOEJHAaHHI 3
MOMEPEYHUMH 1  TO3/I0BXXKHIMH  €JIEMEHTaMH,
MPU3HAYCHUMU IS BiJIBEJICHHS 3 HHOT'O BOJM.
[Ipu po3paxyHKy ApEeHYIOYOro IIapy 3a METOJIOM
OCYIICHHS MaKCUMalbHE 3HAYeHHS TIMOWHU
(bUTBTpaIIfHOTO MOTOKY B IPEHYIOYOMY ITapi Mae
BUIJISI:

2
hyae = 1 X 7 —IX = +(C; X
) hy i
_ b T 12
exp —o—X ——arctg-—— (2)

1€ { — MONEPEYHHUI IMOXHUI KOPUTA, B COTHUX JIOJIAX
OJIVHUIII;

h, — momyctuMa raHOWHA mIapy BOAM OiIsA Kparo
KopuTa (3a3Buyail He nepesuiye 0,05 M), M;

| — Bimcramp Bif oci JOpPOrH A0 Mepepisy, M0
PO3TIISAIAETHCS, M;
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combination with other elements.

One of the important indicators in the
calculation of the drainage layer is the
maximum depth seepage, which given by:

QpTsan
h = P_, 1
e = 2 ®

where Q,— the estimated proportion of
excess free water with of 1m? drainage
layer, m*/day;

T,., — a thawing issue and drains, day
(taken as equal to not less than three days,
the advanced types of coatings, and at least
two - in transition);

qs;— the amount of free water, which is
absorbed by draining layer thickness of 1
cmin area 1 m?, m¥/m? of day;

q,— the amount of capillary water that is
absorbed driouchi layer thickness of 1 cm
square 1 m?, m¥/m? of day.

Formula (1) is valid only when the unit
excess moisture Qp <

3
0,003 = of daysmall sand filtration
m
coefficient values.

An additional layer of pavement
foundations, calculated by the method of
drying may be used independently (with
access to the slopes of subgrade) and in
combination  with  transverse  and
longitudinal elements designed to drain
water from it.

The calculation method for draining layer
draining the maximum depth of seepage
into drainage layer is as follows:

2

h . h

l l
hy i

oy T 1z
exp —-—X ——arctg-— , (2)

h’HaC = l X + CSB. X

where i — slope trough in hundredths of
units;

h, — allowable depth of water layer at the
edge of the trough (usually no more than
0.05 m), m;

| — distance from axis of road to the section
that discusses, m;
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C,s. — CTYITIHB 3BOJIOKEHHS, 0 JOPIBHIOE:

_%

CSB. - K’ (3)
ne Q, — po3paxyHKOBMH 3arajJbHUM HUTOMMI
HaJUIMIIOK BOJIH, M3/;[06y 3 1 M MPOi3HOT
YaCTHUHU;

K — xoedinienT dinmpTparnii micky, M/n00y;
a — 06e3po3MipHa BETUYMHA, 110 JTIOPIBHIOE:
;2
a= CBB. -5 (4)

N

JlomaTKoBUi MIap OCHOBH JIOPOKHBOTO OJATY,
pO3paxoBaHH 3a METOIOM OCYILICHHS,
PO3paxoOBYEThCS 1 32 METOIOM TIOTIMHAHHS IS
MEePEBIPKH MOMJIMBOCTI HOT0 €(eKTUBHOI poOOTH
y HepioJ] po3TaBaHHS MONEPSYHUX BUITYCKiB. [7,8]

[To370BXKHIM ~€IIEMEHTOM JIPEHAKHOI ~CHCTEMHU
MUJIKOTO 3aKJIaJICHHS € TO3J0BXHS JpeHa (abo
KPYITHOIIOPUCTE SIIPO) JUIS BiJBEIEHHS BOIU 13
MIIIAHOTO JIPEHYIOUOTro Mapy OCHOBU JOPOKHBOTO
OJIATY.

Jlo momepeyHuX €JIEeMEHTIB JAPEHaXy MIJIKOTO
3aKJIQICHHs] HaJleXaThb IONepeyHi BUIYCKU 13
MO3/I0BKHBOTO JIPEHAXXY Ta MOINEpPeuHl JPEeHa)XH1
popisi.

Takoxx 111  OCYIIEHHS JAPEHYHUYOIo
BUKOPHUCTOBYIOTh TPyOUacTi BOPOHKH.

mrapy

EdexTuBHICTH OCyHIEHHS JPEHYIOUOTO IIapy
TpyOuaTUMHU BOPOHKAaMH 3aJIeKUTh B po3Mipy ix
NpUMManbHOI YacTUHU Ta SKOCTI QuIbTpy. Uum
OUTbIIMK  pajailyC NpUWMaNbHOI YacTUHHU, THUM
Ourpiia e(EeKTUBHICTh OCYIIEHHS JPEHAKHUX
mapiB, amxe W HeoOXimHa OulblIa KIJTBKICTh
KaM’STHOTO ~Martepially Juid iX BIIAIITYyBaHHS.
BinmoBigHO 10  AOCHIIKEHb, SKIIO Pajaiyc
MpUHMaIbHOT YacTUHU B3sATH Outbie 0,5M, To iXx
NPONYCKHA 3JaTHICTh OyAe 301IbIIyBaTUCh HE
cyrTeBo. [Ipu BrnamTyBaHH1 NpuitMalbHOT YaCTUHU
paniycom Mmenme 0,23 iX HpomycKHa 31aTHICTh
CYTT€EBO 3MEHITYETHCA.[ 1]
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C,s — the degree of hydration, equal:
Css. =7 (3)

where Q, — the estimated total specific
excess water, m*/day 3 1 m? roadway:;

K —sand filtration rate, m/day;

a — dimensionless quantity equal:

a= C3B. -

5 - (4)

An additional layer of pavement
foundations, calculated by the method of
drying is calculated and the method of
absorption to verify the possibility of its
effective work during thawing transversal
issues [7,8].

Longitudinal part of the drainage system is
shallow longitudinal drains (or coarse-
pored core) to drain water from draining
sandy layer of pavement bases.

By cross drainage elements are shallow
cross drainage issues with the longitudinal
and transverse drainage openings.

Also for drainage pipe draining layer using
a funnel.

The efficiency of drainage layer tubular
draining craters depends on the size of
their admissions and quality of the filter.
The greater range of the admissions, the
greater the efficiency of drainage layers,
but need more rock material for their
devices. According to research, if the
radius of admissions to over 0.5 m, their
capacity will not increase significantly.
When the device-receiving radius of less
than 0.23 of bandwidth is significantly
reduced [1].
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R=3,17
Pucynox 2 — ITlomepeunuii mepepi3 IpeHYHOUYOToO
1apy, sIKUi OCyIIyeTbCsl TPyO4acTUMH BOPOHKAMHU
1 — MOKpUTTA Ta OCHOBA; 2 — IPEHYIOYHH 1map; 3 —
IpUiiMabHa 4acTUHA BOPOHKU; 4 — BOPOHKA; 5 —
KpuBa  guchmepcii; 6  —  HampsaM  pyXxy
GbinbTpaniiHOro0 MOTOKY; 7 — HAUIMIIOK BLTBHOL
BOAM, fKa BIDKUMaeTbcs; h; — ToBIIMHA
JAPEHYI0YOro Iapy 1o oci goporu [1,8]

TakoX BaKJIMBUM IapaMETPOM MPH OCYIICHHI
JAPEHYIOUOro IMIapy TPyOUyacTUMU BOPOHKAMH €
BiJCTaHb MiK HUMH. [8]

Bincranp Mk TpyOuacTHMHU
BU3HAYAIOTh 332 POPMYJIOIO:

BOPOHKaMU

L= L+ Ly = ——0K
Kp nc QpBln 6,34

2Ty
3

0,04hqc + 0,4hyqc” + 72
’ ,» ()

2 h363
— 0,04h,5 + 0,4h5" + 018

16 K
+ —_—
QpB

ne: L, — BIACTaHb KPHUBOJIHIMHOTO — pyXy
CTPYMUHOK BOJIH, M;

L, — BiAcTaHb NapajeabHO-CTPYMUHHOIO pPYyXy
BOJIU, M;

K¢ —xoeodimient ¢inbTpanii
IUIONIMHHOTO JAPEHaxXy, M/100;

Qp — PO3paxyHKOBUH MUTOMHUI HAUTMIIOK BUILHOI
Bozw 3 1M? penytodoro mapy, M°/106y;

B — mmpuHa 1BOCKATHOI MPOI3HOI YaCTUHU, M;
Thyg — PAIiyC MPUIMAaIbHOI YaCTUHH BOPOHOK 3a,
M;
hyac —PO3paxyHKOBE  MaKCHMaJbHE  3HAYCHHS
MMOMHN (DUTBTPALIHHOTO MOTOKY B JPEHYIOUOMY
mapi, m;

h — rmuOuHa (iabTpamiiHOrO MOTOKY BiIHOCHO
BIIMITKH HU3Y NPUNMAaIbHOI YaCTUHKH BOPOHKHU,
M;

h,s — BHcOTa micis 30UIBIIEHHS TIOXHIY TIO
IIUPUHI JTBOCKATHOI MPOI3HOI YAaCTUHH, B 30HI
nepes MpUiManbHOK YaCTUHOIO BOPOHKH, M.

marepiainy
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hpos

08

R=317

Figure 2 - Cross-section draining layer,
which is dried tubular craters

1 — cover and base; 2 — drainage layer;

3 — acceptance of the funnel; 4 — crater;

5 — dispersion curve; 6 — the direction of
movement of filtration stream; 7 — excess
free water, which is pressed; h, — the
thickness of the drainage layer at the axis
of the road [1,8]

Also an important parameter in the
drainage of drainage layer tubular funnels
is the distance between them. [8]

The distance between the tubular funnels is
determined by the formula:

3,16 K

L= Ly + Lye = —————h? +
QpB In r—
0,04h  + 04k, 2 4 e
4 16K ’ Hac »*Myac 0.18
3 y
@ 0,04h, + 0,4h,% + 2

0,18

(5)

where: L, — distance curvilinear motion of
water jets, m;

L, — parallel-distance jet
movement, m;

K¢ — filtration coefficient of the material
plane drainage, m/day;

Qp — pecific estimated excess free water
from 1m? draining layer, m*/day;

B — width of dvocate roadway, m;

e — the radius of the receiving side of
the funnels for, m;

h,.. — calculate the maximum depth of
seepage into drainage layer, m;

h — the depth of flow relative to the height
of the bottom of the admissions funnel
particles, m;

h,s — height after increasing the width
dvoskatnoyi inclined roadway in the area
before receiving a part of the funnel, m.

of water
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I'mubuny  ¢iapTpamifHOrO MOTOKY  BiAHOCHO
BIIMITKH HU3y NPUHMAIBHOI YaCTUHKH BOPOHKHU
BHU3HAYAIOTh 32 (HOpPMYII0I0

h = hHac + h361 (6)

ne. [ — TONEPeYHUM TIOXWJI BEPXY 3EMJISTHOTO
MOJIOTHA, BHPAXEHUW B COTUX JOJSAX OJIMHHIII,
HanuacTime npuiitmaroth [ = 0,03, %o;

HeoOxinne 3HaveHHs koedimieHTa (uIbTparii
JIPEHaXHOTO  IIapy MOKHAa  BHU3HAYMTH 32
dhopmyoro

B Qp(B 2)
k= 0,67-(hp+2hq)-(hi+iB 2—hy)’ (8)

J€ (- PO3PaXyHKOBHH IMTOMHH HaJJIMLIOK
. N 2 3

BIJILHOI BOJIM 3 1M~ JpeHy04oro mapy, M°/100y;
h, - rmubuna QiNbTPYOUOro MOTOKY BUILHOT BOAM
0 OCIi JIPEHYIOYOT0 Mapy, MpuiMarTb hy = h,.,
M;

h, — rmmbuna GiIBTPYIOUOTO NOTOKY BUIBHOT
BOJIM IO Kpar JAPEHYKYOro mapy (3a3Buuail He

MIEPEBUILLYE 0,05 m), TUISL BHU3HAYCHHS
MaKCUMAaJILHO JIOITYCTUMOTI'O KoedilieHTa
¢inpTpanii h, = hy,, M.

IIposenemo PO3paxyHOK BIJICTaHI1 MK
JIPEHAXHUMH BOPOHKAMHU TIPU PO3PAXYHKOBOMY
MTUTOMOMY HaJUTAIIKY BOJIOTH
Q, = 0,05Mm* m?3a 06y

MaxkcumanbHe 3HAYEHHS TIIUOUHU

G1IbTpallIiHOTO TOTOKY fKE€ BU3HAYAa€TbCAd 3a

bopmynoro:
Qp'T3an 0,05%3
hyac = =
q3—q1 0,65

= 0,231 M,

7,
hyg = iB 2=0,03 % > = 0,112 m
h = hyae + hyg = 0,231+ 0,112 = 0,343 M,
HeoOxigHe 3HaueHHs KoedimieHta iabTparii
JTPEHAKHOTO MIapy JOPIBHIOE:
B Q' (B 2)? _
k¢ = 0,67-(hz+2hy)-(ha+iB 2—hy)
0,05%(7,5 2)? .
0,67+ 0,231+2%0,231 #(0,231+0,03+7,5 2—0,231)
M
13,474 7106y

Toni BincTans Mik TpyOUacTUMHU BOPOHKaMU OyJie

JIOPIBHIOBATH:
L= L+ L= —0K _pey
Kp Iic QpB ln 6,34

2Ty
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The depth of seepage relatively mark the
bottom of the receiving hopper particles
determined by the formula

h = hHac + h361 (6)

where: i — top cross slope roadbed,
expressed in hundredths of a unit, often
taking, i = 0,03, %o;

The required values of the drainage layer
filtering can be defined by the formula

_ Qp'(B 2)?
ko = 0,67-(hy+2hq) (R +iB 2—hy)’ (8)

where q,,- specific estimated surplus of free
water 1m? draining layer, m*/day;

h, - depth filter flow of free water in the
axis draining layer, taking h; = hy,., M;
h, — depth filter free water flow through
the land draining layer (typically less than
0.05 m) to determine the maximum
filtration coefficient h, = h,,., m.

Count the distance between the drainage
craters counting the specific excess
moisture Q, = 0,05m3 mof day
Maximum depth seepage determined by
the formula:

h _ QpTsan _0,05%3
Hac — -

q3—qi1 0,65
) 7,5
h36 =iB 2= 0,03 *72 0,112M
h = Ry + hyg = 0,231 40,112 =
0,343 M,

The required values of the drainage layer is
filtering:

Ko =

= 0,231 ™,

Qp'(B 2)* _
0,05%(7,5 2)? .
0,67+ 0,231+2%0,231 %(0,2314+0,03%7,5 2—0,231)
M
13,474 106y

Then the distance between the tubular
craters will be equal:

N
+

L= L+ Ly = —0K
Kp e QpBln 6,34

2Ty
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3
Hac

0,04h,,c + 0,4h,,c> +

4 16 K 0,18 _
QPB 2 hs63 -
— 0,04h,5 + 0,4h5" + m
3,16 x 13,474 5
= 52— 0,343° +
0,05%7,5ln —
2%0,25
16 x 13,474
%
0,05 * 7,5
0,04 * 0,231 4 0,4 * 0,231% + 02317
* * —
) ) ) ) 0'18
*
0,04 0,112 + 0,4 = 0,1122 + 0,112"
— * *
) ) ) ) 0,18
= 52,027 m
OTpumyeMO  BIACTaHB MK  TpyO4acTUMH

BOPOHKaMHU PIBHOWO 52 M. Asie npobiema nossrae
B TOMY, IO 111 3aJIE)KHOCTI Ha

BPaxOBYIOTh Pi3Ky 3MiHY BOJIOTOHAKOITUYCHHS,
ake Moxe csaraty 100-120 m3 m? 3a 106y, mo
CIPUYMHEHO 3MiHAMH KIIIMATY 1 peKUMY OTIaIiB.

BucHoBku
Haii0inp1 akTyaabHOIO Mpo0sieMoo OyIiBHUIITBA
B JIOPOKHIN Taiy3l 3alWIIA€ThCS BUHUKHEHHS
nedopmariiii Ta pyiiHyBaHHS MOKPHUTTIB JOPOKHIX
onsari. Cepen NMpuUYMH BUHUKHEHHS AeopMariiil
Ta pyiHHYBaHb JIOPOKHBOT'O OJATY € HEIOCTaTHS
MILHICTh ~ HEYKPIIUIEHUX  OCHOB  JIOPOXKHIX
KOHCTPYKIIIH.
3emJIsiHE TMOJOTHO 1 JOPOXHINM Ofsar y mpoueci
eKCIUTyaTallii 3a3HalTh IPOLECIB, MOB’SI3aHUX 3
TEIUIO-MacOOOMIHHUMU SIBUIIIAMH, TOOTO
NEepIOINYHO  3BOJOXKYIOTBCS 1 NPOCUXAIOTH,
OXOJIO/IKYIOTBCSI 1 HAarpiBaloOThCs, IPOMEP3AIOTh 1
BiATat0Th. CyKYNHICTh IUX IMPOLECIB BU3HAYAE
BTP noporu. HeGesmeuna nisi BOJHO-TEIJIOBUX
(bakTopiB Ha OpOry BHUABIAETHCA y (POpMyBaHHI
MIPOLIECIB 3BOJIOKEHHS 1 MEPE3BOJIOKEHHS I'PYHTIB
MOJIOTHA 1 TIApIB OASATY, HACHIAKOM SKUX €
3HIDKEHHS IIUIBHOCTI 1  MIIHOCTI  IPYHTIB,
BUHUKHEHHS TPOCIJaHHSA 1 3OUMaHHSA OJATY,
BTpara CYIUTBHOCTI OJISITIB YHACJI1I0K
TPILIMHOYTBOPEHHS.
JlpeHaxXH1 CHCTEeMM TOIEPeKYIOTh HaJMIpHE
3BOJIOKEHHSI ~ JIOPOKHBOI ~ KOHCTPYKILii  Ta
OIATPUMYIOTh HEOOXiZHY CTIHKICTh 3E€MIISTHOTO
nonoTHa. JlpeHax mMoBUHEH 3a0e3meuntu 30ip 1
BiJ[Bil BOAM 3 OyIb-SKOI TOYKH TOKPUTTS Oe3
TIepepUBaHHS PYXY, B OyIb-SKHI MEPiOj] POKY.
JlpeHa)kHI BOPOHKHM Ha aBTOMOOUIBHHMX JOpOrax
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3
Hac

16 K 0,18

+—
Q,B h.®
— 0,04h,g + 0,4h.6° + 0,33
3,16 13,474

= 0,343% +

0,05%7,5In =22
2%0,25
16 * 13,474

* 0,05%* 7,5
0,04 % 0,231 + 0,4 % 0,231% +

0,04k, + 0,4h,,.> +

0,2313
0,18
0,112°
0,18

— 0,04%0,112+ 0,4 x0,112% +
= 52,027 m

Get the distance between the tubular
craters is 52 m. But the problem is that
these dependencies account for the sharp
change accumulation of moisture, which
can reach 100-120 m"¥m~? per day, which
is caused by changes in climate and
precipitation regime.

Conclusions

The most urgent problem in road
construction industry is the emergence of
deformation and  fracture  coatings
pavements. Among the causes of
deformation and destruction of pavement is
insufficient strength unfortified
fundamentals of road construction.
Roadbed and pavement in service undergo
processes related to thermal mass transfer
phenomena that occasionally moistened
and dries out, cooled and heated, freeze
and thaw. The combination of these
processes determines ITR road. Dangerous
performance water-heating factors on the
road turns in  forming processes
waterlogged soil moisture and leaf and
layers of clothing, the result of which is to
reduce the density and strength of soil
subsidence and emergence swelling
clothing garments due to loss of continuity
crack.

Drainage systems prevent excess moisture
road construction and maintain the
necessary stability of the roadbed.
Drainage should ensure the collection and
removal of water from anywhere in the
coverage without interrupting traffic, in
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BIIAIITOBYIOTHCSL  JIJIs1  3a0€3MEYEeHHS  CTIHKOCTI
3eMJISTHOTO TOJIOTHA JUISI MAaKCHUMAaJbHOTO 3aXHUCTY
BiJl MEPE3BOJIOKCHHSI OCHOBH JOPOXKHBOTO OJISTY
MOBEpPXHEBUMHU Ta MiJ3eMHUMHU Boaamu. lle B
CBOIO qepry JI03BOJISIE MTO/IOBXKUTH
eKCIUTyaTaliiHii TepMiH aBTOMOOUIBHOI JOpPOTH
Ta 11 KOHCTPYKTMBHUX eneMeHTiB. Hacrtymna
poboTa aBTOpPIB MoOJsSIrae B po3poOlli MOJene Ta
METOMIB MPOEKTYBAaHHS IPEHAKHUX KOHCTPYKLIH,
K1 JO3BOJIAITUMYTh PO3MOJAUIATA Ta BiABOJWTH
BEJIMKI HAJIMIIKK BOJIOTH 32 KOPOTKUH Yac.
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PenenzenTn:

any season.
Drainage craters on the roads arranged to
ensure the stability of the roadbed for
maximum protection from waterlogged
foundations  pavement surface and
groundwater. This in turn can extend the
operating time road and its structural
elements. Next work of the authors is to
develop models and methods for designing
drainage structures that allow distribute
and allocate large excess moisture in a

short time.
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ONTUMIBALIA IH)KEHEPHUX PIIIEHDb HA IMTPAUKJIAZI TOPIBHAHHSI
BAPIAHTIB KOHCTPYKUIN APEHAKIB MIVIKOI'O 3AKJIAJJEHHA

AHoTanis. 3 METOI0 ONTUMI3alii MPUHHATTA 1HKEHEPHUX PIilIeHb MPH MPOSKTYBaHHI aBTOMOOIIBHHUX JIOPIT,
BH3HAYEHO EKOHOMIYHY e(EeKTHBHICTh BIAINTYBaHHA MOPOXHIX KOHCTPYKIHM i3 IpPEHaXHUMH IIapamMu
MIJIKOTO 3aKJIQJCHHS, PO3PaxOBaHMMHU 13 3aCTOCYBaHHSM pI3HUX METOHIB, — TPaIWIiHHOTO Ta
yIockoHanieHoro. [IpoaHanizoBaHo JaHi HATYpHHUX CHOCTEPEKEHb 3a JMOCTIIHUMHU IUISTHKAMH; PO3TIISTHYTO
BapiaHTH BIAIITYBaHHA JPEHYIOYOTO IIapy 31 3MIHHOIO TOBIIMHOK 1O MIMPHHI TOMEPEYHOTrO Mepepily
KOHCTPYKIi1; BIUIMB 3MiHM TOBIIMHHU JPEHYIOYOro IIapy Ha 3arajJbHUA MOIYNb MPYXKHOCTI TOPOKHBOTO
OJIATY.

Kuaio4oBi ciioBa: mopoxHiN oAT, IpEeHAK MIJTKOTO 3aKJIaeHHs, eKOHOMIYHa e(DeKTHBHICTh, MIXKPEMOHTHUI
CTPOK, MOJYJIb TIPY>KHOCTI.

YK 625.7/.8
CaaBunckas E.C., 1-p texn.Hayk, Cresxkka B.B., kana. TexH.Hayk

ONTUMUBALMA HH)KEHEPHBIX PEIIEHUI HA IIPUMEPE CPABHEHUSI BAPUAHTOB
KOHCTPYKIUH JIPEHAKA MEJIKOI'O 3AJIOKEHUS

AnHoTamusi. C [elbpl0 ONTUMHM3ALUU TNPHHATHS HHXXEHEPHBIX pPEIICHHH NpH TNPOEKTUPOBAHUH
ABTOMOOWMIIBHBIX JIOPOT, OIpe/elieHa IKOHOMUYECKasi 3P PEKTHBHOCTh YCTPOUCTBA JOPOKHBIX KOHCTPYKIHH
C JIPEHAXHBIMU CJIOAMH MEJKOTO 3aJIOKEHHUS, PACCUUTAHHBIMHM C NPUMEHEHHEM pa3jINYHBIX METOJIOB, —
TPaJUIIMOHHOTO W YCOBEPIIEHCTBOBAaHHOro. [IpoaHanu3upoBaHBl JaHHBIE HATypHBIX HAOMIOACHUH 3a
OTIBITHBIMHU YYaCTKaMU; PACCMOTPEHBI BAPUAHTHI yCTPONUCTBA IPEHUPYIOIIETO CJIOS C IEPEMEHHOM TONIIHHON
M0 MHMPHHE MMONEPEeYHOro CEYeHUS KOHCTPYKILMH; BIUSHHE M3MEHEHHS TOJIIUHBI JPEHUPYIOLIETo CIIOS Ha
00N MOy YIPYTOCTH JOPOXKHOM OJIEKIBI.

KiroueBble ci1oBa: JOpOXKHAs OAEKIA, OPEHAK MEJKOro 3al0KEHUs, SKOHOMHYecKas 3(QeKTHBHOCTB,
MEXPEMOHTHBIH CPOK, MOIYIb YIPYTOCTH.

UDC 625.7/.8
Slavinska O.S., Dr. Tech. Sci., Styozhka V.V., Cand. Eng. Sci. (Ph.D.)

OPTIMIZATION OF ENGINEERING SOLUTIONS: THE CASE OF COMPARISON
OF COMPARISON OF SHALLOW DRAINAGE CONSTRUCTIONS

Abstract. For the purpose of engineering solutions optimization during motor road designing, we have
determined economical efficiency of road structures arrangement in the case of shallow drainage layer, with
calculation performed using both conventional and advanced methods. In-situ data on trial lots have been
analysed; a number of drainage layer arrangement options has been considered for variable thickness
depending on a width of structure cross-section; impact of drainage layer width variation on the total
modulus of elasticity of road pavement has been investigated.

Key words: road pavement, shallow drainage, economic efficiency, inter-repair period, modulus of elasticity.
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Beryn

JlpeHaxHI CHUCTEeMH MIJKOTO 3aKJaJICHHS €
KOHCTPYKTUBHO IPOCTUM, MOPIBHSIHO HEIOPOTUM
Ta e(peKTUBHIM €JIEMEHTOM JOPOXKHBOT
KOHCTPYKLIi Yy  BUIAAKYy, KOJIUM  BHUHHUKAE
HEOOXIJHICTh MOKpPAIIUTH 1 BOJHO-TEIUIOBUN
peKUM B yMOBaxX HaQJMIPHOTO 3BOJIOKCHHS
MIOBEPXHEBOIO BOJIOIO Ta MPH HASIBHOCTI TTIMHUCTUX
(CyrmMHUCTHX) TPYHTIB 3€MJISIHOTO  IIOJIOTHA.
OCKINbKH € NeKiTbKa MPUHIMIIOBO Pi3HUX ITiIXO/IB
70 BHU3HAYEHHsS TapaMeTpiB JApPEHaXy MLIKOTrO
3aKJIJICHHS, BUHUKAE HEOOXIAHICTh BHKOHYBATH
€KOHOMIYHE TOPIBHSAHHS BapiaHTIB PO3paxOBaHUX
KOHCTPYKLIN 3 METOI NPUUHSATTS OOIPYHTOBAHOI'O
3 TOYKM 30py EKOHOMIYHOI  e(eKTHBHOCTI
imkenepHoro pimenHs. [Ipu npomy 00OB’S3KOBO
cInn BpaxoBYyBaTH PI3HUITIO MILTHOCTI
3alpONOHOBAHUX KOHCTPYKLIH, OCKUJIBKM BOHA
BIUIMBA€ Ha JIOBIOBIYHICTh, Ta HamiMHICTH. Jlms
MOpiBHSAHHS Oyno 0OpaHO ABa THUIU KOHCTPYKILi:
JpeHaxHa  CUCTEeMa  MUIKOrO  3aKJIaJcHHS,
po3paxoBaHa i3 3aCTOCYBaHHSM YyJOCKOHAJICHOTO

METOAY, Ta JpPEeHaX MUIKOIO  3aKJIaJieHHS,
3alpOEKTOBAHUI BiJIITOBITHO 10 TII0YHX
HOpPMAaTHUBHUX JOKYMEHTIB [1].

OcHoBHa YacTHHA
Exonomiuna e(eKTHBHICTb BJIAILTYBaHHS
IpEeHaXHOI ~ CHUCTEMH  MIUIKOTO  3aKJIaJeHHS,

PO3paxoBaHoOi 13 3aCTOCYBaHHSIM YJIOCKOHAJIEHOTO
METOMY, BU3HAYAETHCS PO3PAXYHKOM IMOPIBHSIBHOT
e(EeKTHUBHOCTI KamliTaJIbHUX BKJAJE€Hb HAa OCHOBI
MOPIBHSIHHSI BUTPAT Ha BJAIITYBAHHS KOHCTPYKIIN
JIOPOXKHBOTO  OJATY Ta  JIPEHaXy  MUIKOTrO
3aKJIaJCHHS, 3aMpPOEKTOBAHUX  BIAMOBIAHO 0
JI0YMX HOPMATHBHUX JIOKYMEHTIB, 3 BUTpaTaMH Ha
TOI e 00cAr poOIT 3 BUKOPUCTAHHSAM Y JTIOPOXKHIH
KOHCTPYKIIi TMIIAHOTO JIPEHYIUoro Imapy i3
TOBIIMHOIO, SIKA  BIAMOBIa€  pO3paxyHKam,
BUKOHAHUM 32 YAOCKOHAJICHUM METO/IOM.

EdexTuBHICTh 3aCTOCOBYBAHHSI YJOCKOHAJIEHOIO

JpeHaxxy MIUJIKOTO 3akKjaJeHHsS 3a pPaxyHOK
BUKOHAaHHS  PO3pPaxyHKIB 13  BHUKOPUCTAHHSAM
MOIU(IKOBAaHOI ~ MaTeMaTHMYHOI  MOJeNl  PyXy

pIIMHU Y TIOPUCTOMY cepenoBuii [1] omiHto€eThCs
IUIIXOM  CIIBCTABJCHHS HA TpUKIANl OpU
3aCTOCYBaHHI JTpeHaKHOT KOHCTPYKITIi
YIOCKOHAJIEHOTO THITy Ta TAaKOTO X JOPOXKHBOTO
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Introduction

Shallow drainage systems provide a simply
engineered, comparatively inexpensive and
efficient component of a road structure
when its temperature and humidity regime
improvement is required, under conditions
of excessive humidification with surface
water and in a presence of clay (loamy)
grounds in a roadbed. Since there is a
number  of  conceptually  different
approaches to determination of shallow
drainage parameters, arises a need to
perform  economical comparison  of
designed options, in order to come to
engineering solutions substantiated in
terms of economic efficiency. In these
circumstances, we also must take to
account the strength difference of proposed
structures, since it affects durability and
reliability. For the purpose of comparison,
two structure types have been selected:
shallow drainage system calculated by the
means of the advanced method, and
shallow drainage designed as per effective
regulation documents [1].

Subject matter

Economical efficiency of arrangement of a
shallow drainage system calculated by the
means of the advanced method is
determined by the calculation of capital
investments comparative effectiveness on
the basis of comparison of construction
costs for road pavement and shallow
drained structures, provided they have
been designed as per effective regulation
documents, with the costs of the same
scope of works, provided that road
structure employs sand drainage layer of a
thickness calculated by the means of the
advanced method.

The efficiency of advanced shallow
drainage is calculated by the means of a
modified simulation model of liquid flow
in a porous medium [1] and is estimated by
correlation of application cases of
advanced drainage structure along with
advanced road pavement  versus
conventional drainage structure (calculated
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OJIATY 13 JpeHaXXeM TPaJUIiiHOI (po3paxoBaHoOi 3a
JFOYMMHA HOPMaTHUBAaMHU) KOHCTPYKITIi.

KinbkicHUM BHUMIpHUKOM DiBHA €(QEKTHBHOCTI

KamTaabHUX  BKIAJCHb CIYXHUTh  Koe(imieHT
edekTuBHOCTI £
Ci-Cl 1
:Klf _Kljl 2?! 1)
1P P

ne K[, i K}, — npusesenni 10 ocrananoro poky
OymiBHMLITBA OJJHOPA30BI BUTPATH 3a BapiaHTaMH,
BIMOBIIHO, TIPM  BUKOPUCTAaHHI  JIPEHAXHOI
KOHCTPYKIIi yIOCKOHAJIEHOTO THUIy Ta TaKOTO X
JIOPOKHBOTO OJSTY 13 JpeHaKeM TpaauLiiHOl

(po3paxoBaHoi  3a  JAIIOYMMH  HOPMATHBAMM)
KOHCTPYKIIIi;

1 : /i :

C, 1 C, — mNOTOYHI BHUTPaTH 3a THUMH XK

BapiaHTaMM 32  OJUH
eKCIUTyaTallll HOKPUTTSI.

PO3paxyHKOBUH  pIK

3rigHo 3 [2, 3] KamiTajgbHI BKJIQJICHHS BBaXKAIOThCS
e(heKTUBHUMH, SKIIO:

E > FEy, 2
e EH: 0,12

Jlo ckiamy OIHOPa3OBHX  BUTPAT  BXOMISTH
KamiTaabHI BKJIQJEHHS, peani3oBaHi 1O MMOYATKY
eKCIUTyaTalll MOKPUTTS 4YM HOro pPEeKOHCTPYKIIT
(xamitanbHOrO  peMoHty). Ilpm  mopiBHsHHI
BapiaHTIB JI0 CKJIaJy MOTOYHUX BUTPAT BKIIIOYAIOTH
BUTPAaTH Ha yCl BHJIM PEMOHTIB 1 YTPUMAaHHS
MTOKPUTTS JUISTHKA aBTOMOOUTHHOT TOPOTH.

Biamosigao 110 [4], MDKPEMOHTHHI CTPOK CITY>KOU
JTOPOXKHBOTO OAATY (TOKPHUTTS) — MEpioJ B poKax
Bim 371a4i goporu (00’€KTy) B EKCIUTyaTaliio 0
MEPUIOro KamiTaIbHOrO (MOTOYHOT0) PEMOHTY abo
MDK CYMDKHUMHU  KamiTadlbHUMH  (IIOTOYHUMH)
pPEMOHTaMHU.

Busnaunmo HeoOXi/iHI mapaMeTpu Ui MiIpaxyHKy
€(EeKTUBHOCTI BJIALITYBaHHS JpEeHaXHOT
KOHCTPYKIIi YOCKOHAJICHOTO TUITY Y TIOPIBHIHHI 3
JIPEHAKEM TPAIUIIIAHOI (PO3paxoBaHOT 32 JIFOUNMHU
HOpMAaTHBaMH) KOHCTPYKIii. Po3rnsgnemo ninsHKy
aBTOMOO1IIBHOT JIOPOTH TOBKAHOIO 1 kM.
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as per effective regulations).

The quantitative measure of capital
investments efficiency is an efficiency
factor E:

cl-c!' 1

=—=—, 1
KllilP_RlliP T )

where K/, and K/, are one-time

expenses converted to the last year of
construction, for the options that envisage
application of advanced drainage structure
along with advanced road pavement versus
conventional drainage structure (calculated
as per effective regulations), accordingly.

C} and C; are operational expenses in

the course of one target year of road
coating operation envisaged for the options
mentioned above.

According to [2, 3], capital investments are
considered efficient, if:

E > Fy, (2
where Ey= 0.12.

One-time  expenses include capital
investments implemented before start of
coating operation or reconditioning (major
repair). In the course of options
comparison, operational expenses include
costs of all types of coating repair and
maintenance on the motor way lot.

According to [4], inter-repair service
period of road pavement (coating) is a
period measured in years between road
(object) commissioning and the first major
(operating) repair, or between consecutive
major (operating) repairs.

Let parameters be determined as required
for efficiency calculation of advanced
drainage structure arrangement, compared
to conventional drainage  structure
(calculated as per effective regulation). Let
us consider a motor way lot of 1 km
length. Let as assume a conventional
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Tpaauuiliny KOHCTPYKIiIO MPUHMEMO BiAIOBITHO
10 puc. 1, ynockoHaneny — 2.

0615m | 051 M 20m | 03 M 35wm

Pucynok 1 — Po3mipu momepedHoro mepepizy moporu
BapiadTy 1 (BiAMOBIAHO 0 IiF0YNX HOPMATHBIB)

| 0.825 M | 051 M | 20m | 05m | 35m

Pucynok 2 — Po3Mipu momnepevyHoro nepepizy I0poru
Bapianty 2  (po3paxoBaHMH  BIONOBIOAHO  JIO
YAOCKOHAIIEHOTO METOY)

[TapameTpy KOHCTPYKLIM JOPOXKHIX ONATIB Y
MeXax Mpoi3HOI YaCTMHM HaBeAEHO Ha puc. 3 (a —
BapianT 1, 6 — BapiaHT 2), y Mexax y30i4 — Ha
puc. 4 (a — BapianT 1, 6 — BapiauT 2).

a/6 gpiboHosepHucTIiL h=4 cm
a'd xkpyrHozeprycTiti, h=8 cm

mebisb rpar THIML h=20 cm

MoK KpynHosepHucTint, h=41 cu

“ | rpvHT seMnsHOro nosoTHa
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structure in accordance with Fig. 1, and an
advanced structure in accordance with Fig.
2.

0.615m | O‘Im‘ 20m | 0.5m 35

Figure 1 — Cross-sectional dimensions of a
road according to option 1 (as per effective
regulations)

| 0.825m | 0.51 ml 20m 0.5m | 35n

Figure 2 — Cross-sectional dimensions of a
road according to option 2 (calculated by the
means of the advanced method)

Parameters of road pavements structures
within their surfaced portions are shown on
Fig. 3 (a — option 1, b — option 2), within
road shoulders — on Fig. 4 (a — option 1, b
— option 2).

fine bituminous concrete, h=4 cm
coarse bituminous concrete, h=8 cm

crushed bezel, h=20 cm

coarse-grained sand, h=41 cm

earthbed ground
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a6 npibHosepHucTIiT, h=4 cM
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Pucynok 3 — IlapameTpn KOHCTPYKLii HOPOXKHBOTO
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fine bituminous concrete, h=4 cm
coarse bituminous concrete, h=8 cm

crushed bezel, =20 cm

coarse-grained sand, b=36 cm

earthbed ground

b

Figure 3 — Parameters of road pavements
structure within its surfaced portion
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Figure 4 — Parameters of road pavements
structure within road shoulders

Calculation parameters are determined
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MPOBOAMMO 3 ypaxXyBaHHSM JaHHUX BIAMOBITHO O
JiF0401 HOpPMAaTUBHOI IOKyMEHTAIlli, a came:
-3rigHO 3 [5], HOpMa MIKPEMOHTHOTO CTPOKY
ekcrutyaTarii acajsbTOOETOHHOTO TOKPHUTTS IS
I TexHiuHOI KaTeropii JOPOrM MiXK KamiTaJIbHUMHU
PEMOHTaMHU CTaHOBUTH 13 pOKiB, MK MOTOYHHUMHU
CepeIHIMU PEMOHTAMH — 5 POKIB.

- BIAMOBIAHO 70 [6], 10 pO3pOOJICHWHA IJis
IUTaHyBaHHs 0O0cCsATiB (pIHAHCOBUX pecypciB Ha
NOTOYHHUH PEMOHT Ta EKCIUTyaTalliiiHe yTpUMaHHS
Mepexi aBTOMOOUIBHUX JOpir VYKpaiHu, sK B
oMy mo YKpaiHi, Tak 1 IO OKpeMHX perioHax, 3
ypaxyBaHH]IM XapaKTEPUCTUK MEpEekKi Jopir Ta
pEerioHaNbHUX YMOB IX €KCILTyaTallii:

Tabauust 1 — Bapricts po0iT 3 TOTOYHOTO APIOHOTO
PEMOHTY Ta EKCIUTyaTalliiHOro0 yTPUMAHHS OHOTO

NPUBEICHOr0 70 YMOBHOIO  KUTIOMETpa  Mepexi
aBTOMOOUTHHMX ~ JIOPIr  3araJbHOTO  KOPHUCTYBAaHHS
JIepsKaBHOTO 3Ha4YeHHs [6]
3aranpHa
Ne HatimenyBanHS pobiT BapTICTh,
TPH.
JlikBinamist BHOOTH, TPilIUH,
1 0Ci1aHb, KOJIi{ 3 3aCTOCYBaHHIM 11 709,18
acanbToOeTOHHUX CyMillleH,
SIMKOBUI pEMOHT
2 ac(asbTOOETOHHOTO MOKPUTTSI 3 12 589,99
pO3IaMyBaHHIM
3 SIMKOBUI PEMOHT ITOKPUTTSI 12 25053
[THEBMOCTPYMEHEBHM METOIOM
Bcesoro: 36 549,70

* — BapTicTh OAMHMII pOOIT BU3HAYEHA HA ITiZCTaBi
pecypcHOro METoAy LIHOYTBOpeHHs. B 3a3HadeHiit
BapTOCTI BpaxoBaHI: MpsMi, 3araJbHOBUPOOHUYI,
aJIMIHICTpAaTUBHI BUTPATH, KOIUTH HAa 3BEIECHHS Ta
po30MpaHHs TUMYAacOBUX OyiiBelb Ta CHOPY.
BUPOOHMYOTO Ta JIOMOMDKHOTO IpPHU3HAYECHHS,
KOIITOPUCHUM TNpUOYTOK, MOAATOK Ha JAOJaHy
BapTICTh.

[Ipumitka:

- 32 YMOBHUH KUIOMETp NPUHHATHI OJUH KUTOMETP
ac(asbTOOETOHHOTO MOKPUTTS IUPUHOIO 7,5 M, Ha
SIKOMY HEOOX1JHO BUKOHATH MOTOYHUN PEMOHT Ta
eKCIUTyaTalliiine yTpUMaHHs;

- pPO3paxyHKOBI HOpPMH (IHAHCOBUX BHUTpAT Ha
OMH YMOBHHH KIJIOMETp aBTOMOOUIBHUX JOpIr
3arajlbHOr0 KOPHUCTYBaHHsI CKJIAJ€HI CTaHOM Ha
01.01.2014 1 migAralOTh  HEperisay  Mpu
BHUKOPHUCTAHHI HOBUX TEXHOJIOT1M Ta MarepiajiB, a
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subject to data of effective regulation
documents, namely:

- according to the reference source [5], the
rate of inter-repair service period for
bituminous concrete pavements of |IlI
maintenance category roads between major
repairs is 13 years, between operating
medium repairs — is 5 years.

- according to the reference source [6],
which has been developed for planning of
financial resources amount required for
operating repair  and operational
maintenance of motor ways network of
Ukraine, both on a nationwide scale and in
separate  regions, with regard to
characteristics of roads network and their
regional operation conditions:

Table 1 — Cost of works on operating minor
repair and operational maintenance of one
nominal kilometer of all-purpose principal

motor ways network [6]
No Overall
Name of works item cost,
UAH
Elimination of potholes,
1 fcracks, subsidences and ruts 11,709.18
using bituminous concrete mixes
Patching repair of bituminous
2 [concrete coating with its 12,589.99
breaking
Alir jet patching repair of
3 coating 12,250.53
Total: | 36,549.70

* — cost of works item is determined on the
basis of input costing. The above-noted
cost takes into account: direct, general
production and management expenses,
construction and dismantling costs for
supplementary and production temporary
buildings and structures, estimated profit
and value-added tax.

Note:

- the nominal kilometer is assumed as one
kilometer of bituminous concrete coating
of 7.5 m width, requiring for operating
repair and maintenance;

- calculated rates of cost expenses on one
nominal kilometer of all-purpose motor
ways are established as of 01.01.2014 and
shall be reviewed in a case of application
of new technologies and materials, and
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TaKOX MOXYTh KOpEryBaTHCS Ha iHIEKC 1HQuALii
IIOPIYHO.

Buxonsum 3 naHux, HaBeaeHUX y Tabu. 1, Maemo
IIOPiYHI BUTPATH HA MOTOYHUHN APIOHHUI PEMOHT Ta
eKCIUTyaTalliifHe yTPUMaHHS JOPOXKHBOTO OJATY
(TIOKpHUTTSI) OJHOTO YMOBHOTO KUIOMETPY JOpir

JCPXKABHOTO  3HAYCHHs, [0 CTAHOBJAThH, 3
ypaxyBaHHiIM iHAeKkcy iHGusmii, 3a 2014 pik
npuosm3Ho 45 687,13 rpH. 3 [1/1B.

Kamiransai BKJIAJICHHS npu OyIIBHUIITBI

(pPeKOHCTPYKIIii, KamiTaJIbHOMY PEMOHTI) IUISHKA
aBTOMOOUIbHOI J0oporH (IPHBEACHO 10 OJHOTO
YMOBHOTO KUIOMETpY) AEp>KaBHOTO 3HAYEHHS i3
BIIAIITYBAaHHSAM JApPEHAXY MIJIKOTO 3aKIaJeHHS,
cTaHOBIATH (mpuBeneHi Ha 2015 pik) BiamoBigHO
710 PO3paxyHKiB KOIITOPUCHOI BAPTOCTI:

K!, — 4953721,00 rpu./ym. km
IpEHYIOUYHH map TpaauliiHOI KOHCTPYKIIii);

(mimraHui

K[, —5042 819,00 rpu./yM. KM (JipeHyroumii 1ap,
pO3paxoBaHMii 32 yIOCKOHAJICHUM METOJIOM).

BinnoBigHo 10 [4], moTo4H1 ApiOHI pPEMOHTH Ta
eKCIUTyaTaliiine YTpPUMaHHs MOKPUTTS
aBTOMOOUIBHMX JOpPIT 3arajbHOr0 KOPHUCTYBaHHS
JIEPKABHOTO 3HAYEHHS IPOBOAATHCS  KOXKHOIO
POKy, TMOTOYHHMM cepenHid pemoHT st gopir 111

TEeXHIYHOT  Kareropii, BiamoBigHO 10  [5],
BUKOHYE€TBHCS KOXHI1 5 POKIB, a
3aMiHa/BIAIITYBaHHS HOBOTO MOKPUTTS

(xamiTaJIbHUN PEMOHT) — KOH1 13 pOKiB.

BpaxoByroun Te, 10 yAOCKOHAJIEHa KOHCTPYKIIIS
JpeHaxy MIJIKOTO 3akKiIaZeHHs (BIAMOBIAHO MO
JAHUX HATYpPHUX CIIOCTEPEKEHb), Ha BIIMIHY BiJ
TPaAUIIHOT  JAPEHAXXHOI  KOHCTPYKIII, Mae
MIJIBUINICHY 3/IaTHICTh JI0 OCYIICHHSI po0OO0YO0i 30HU
3eMJITHOTO TIOJIOTHA Ta IIApiB JOPOKHBOTO OJIATY,
10 CIPHSE TMIIBUIIEHHIO HOTO TOBroBiYHOCTI B 1,5
— 2,0 pa3u, B 3aJIXKHOCTI BiJl YMOB €KCIUTyaTallii,
BUTpaTH Ha TIOTOYHUN JpiOHUKA pPEMOHT Ta
eKCIUTyaTalliitHe yTpUMaHHS JTIOPOKHIX
KOHCTPYKIII, BIAIITOBAaHUX 13 3aCTOCYBaHHSIM
MO3/IOBXKHBOT ~ JPEHAKHOI  CHCTEMHU  MIJIKOTO
3aKJIaICHHS YIOCKOHAJIEHOT KOHCTPYKIIi,
3MEHILIAThCs NOHaMeHIe B 1,5 pasu.

Otxe, BpaxoByoouu jgaHi Tabd. 1, KUIBKICTh
MMOTOYHUX JIPIOHMX PEMOHTIB Ta EKCILIyaTalliifHOTO
yTPUMaHHS Ha TpOTs3i 13-TM pOKIB CTAaHOBUTH —
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may also be adjusted to inflation rate
annually.

According to the data given in Table 1,
annual expenses on operating minor repair
and maintenance of road pavement
(coating) as per one nominal kilometer of
principal roads are approximately UAH
45,687.13 (VAT included) for year 2014,
taking to account inflation rate.

Capital investments in the course of
construction (reconditioning, major repair)
of a principal motor way lot (measured in
nominal kilometers) with shallow drainage
arrangement comprise (as of the year
2015), according to estimated cost
calculation:

K/, — UAH 4,953,721.00/nom. km (sand
drainage layer of a conventional design);

Kl - UAH
(drainage layer
advanced method).

5,042,819.00/nom. km
calculated using the

According to [4], operating minor repairs
and maintenance of principal all-purpose
motor ways coating are performed
annually, operating medium repair of 11l
maintenance category roads is performed
every 5 years according to [5], and coating
replacement / new coating arrangement
(major repair) is performed every 13 years.

The advanced structure of shallow
drainage (in accordance with in-situ data),
compared to a conventional drainage
structure, shows enhanced dewatering of
earthwork operative area and road
pavement layers, thus increasing its service
lifetime by 1.5 - 2.0 times, depending on
operation conditions. Therefore, the costs
of operating minor repair and maintenance
of road structures employing advanced
longitudinal shallow drainage system will
decrease at least by 1.5 times.

Thus, taking into account the Table 1 data,
the number of operational minor repair and
maintenance within the course of 13 years
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13, a cepennix — 2, mpu BIAIUTYBAaHHI TPaaUIiitHOT
JIPEHAKHOI CHUCTEMH MIJIKOro 3akianeHHs. s
BUIMA/IKY 3aCTOCYBAaHHS YIOCKOHAJICHOTO JPEHAXY
MUJIKOTO 3aKJIaJICHHSI KUIBKICTh IMOTOYHHUX JIPIOHMX
PEMOHTIB Ta EKCIUTyaTalliiHOrO YTPUMaHHS Ha
npoTsi3i 13-Tu pokiB cTaHOBUTH — 9, a cepennix — 1.

BapricTh IOTOYHOrO CEPEAHBOTO PEeMOHTY 1 M
acasbTOOCTOHHOTO TIOKPUTTS 32 TEXHOJIOTIE0
«apsumii pemike» komtye Omau3pko 200 rpH. 3
[IAB. Y nHamomy Bumajaky e Oyae mpuOIH3HO
200,00-1000,00-4,00-2=1 600 000,00 (rpu. 32 1 kM

minsaka - goporu).  Tomi, ans  AUISHKE i3
TpajuIiiHO  jipeHakHOl0  cuctemol,  Cj
CTaHOBUTHME Cl= (45 687,13-13 +

1600 000,00-2) / 13 = 291 840,98 (rp. 3 [1JIB), a
Cél , A ,Z[iJ'IHHKI/I 3 YAOCKOHAJICHUM JpPCHAKEM

MIJIKOTO 3aKJIaJCHHS: lel = (45687,139 +
1600 000,00-1) / 13 = 154 706,47 (rpu. 3 I1JIB).
3BeneHl JaHi MpPO BUTPATH HAa PEMOHTH UISTHOK
HaBeJIeHO y Tabl. 2.

Tabmmuss 2 — TlokasHUKM I PO3PaxyHKY
e(EeKTUBHOCTI KamiTalbHUX BKJIAJEHh 3a JIBOMA
BapiaHTamMH OyJIIBHUIITBA

Bxkmagenns Ha
o Kamniraneai MOTOYHUI
HaiimenyBaHHs . o
. BKJIAJIEHHS, | OpiOHUI pEMOHT
BapiaHTy
IPH./yM. KM | Ta yTpUMaHHS,
TpH. PIK/YM. KM
Tpamuriitna
JpeHaXKHA
cHrcTeMa MIJIKOTO
3aKJIaIeHHSA 4953721 291 840,98
VnockoHaieHa
JIpeHaXKHa
cHrcTeMa MIJIKOTO
3aKJIaIeHHSA 5042 819 154 706,47

BI/IKOpI/ICTOBYIO‘-II/I )laHi IIOKAa3HHKU, HpOBOI[I/IMO
PO3paxyHOK KoeQilieHTy e(heKTUBHOCTI:
_ 29184098-15470647 13713451
504281900 - 495372100 8909800

3a pe3ynpTaTaMu  poO3paxyHKy Ha  MIIHICTh
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is equal to 13, and that of medium repairs
is equal to 2, provided conventional
shallow drainage system is arranged. In the
case of advanced shallow drainage
application, the number of operating minor
repair and maintenance within the course
of 13 years is equal to 9, and that of
medium repairs is equal to 1.

The cost of operating medium repair per
1 m? of bituminous concrete coating using
Hot Remix technology is about 200 UAH,
VAT included. In the considered case, the
total cost is about
200.00x1000.00x4.00x2=1,600,000.00 (U

AH per 1 km of road lot). Then, for a lot

with a conventional drainage system, C;

is CII, = (45,687.13x13 + 1,600,000.00x2) /
13 = 291,840.98 (UAH, VAT included),
and C;', for a lot with advanced shallow
drainage, is: C, = (45,687.13x9 +
1,600,000.00x1) / 13 = 154,706.47 (UAH,

VAT included). Summary data on costs of
lots repair are shown in Table 2.

Table 2 — Capital investments efficiency
calculation indexes for two construction
options

Investments
Capital mto_
. operating
Investmen . .
. minor repair
Option name ts, and
UAH/nom .
Kkm maintenance,
' UAH/year/no
m. km
Conventional
shallow
drainage
system 4,953,721 | 291,840.98
Advanced
shallow
drainage
system 5,042,819 | 154,706.47

Let us calculate the efficiency ratio on the
basis of these indexes:

_ 291840.98-154706.47 13713451
© 5042819.00—495372100 8909800

Based on the results of strength

1.54.
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3’SCOBaHO, IO MOJYJh MPYXKHOCTI JTOPOKHBOTO
OJITY 13 JPEHYIOYMM MIapOM, PO3paxOBaHHM 3a
YIOCKOHAJICHUM METOJI0M, cTaHOBUTH 319,33 Mlla,
IO 3aJI0BOJIBHSIE BUMOTH IO TIOTPIOHOTO MOJYJIs
npyxnocti gopir Il texniunoi kareropii. ¥ cBoro
4yepry, MOAYJIb IPYXHOCTI KOHCTPYKIIii BapiaHTy 1
cra”HoBuTh 325,60 MIla, mo Bcooro Ha 2 % OibIie
32 MOAYJb TPYXKHOCTI KOHCTPYKIIi JpYyroro
Bapianty. Omxe, ocnabIeHHS KOHCTPYKIi 3a
paxyHOK  3HWKCHHS  TOBIIMHM  MIIIAHOTO
JPEHYI0YOro Mapy € HE3HAYHUM.

BucHoBku

OTxe, MOKHA BBa)KaTH, 110 KamiTaJIbHI BKJIaJAEHHS
y BIAIITYBAHHS JPEHAXHOI CHUCTEMH MIJIKOTO
3aKJIaJICHHS 13 MIIaHKUM [IapoM, PO3paxOBaHUM 3a
VIOCKOHAJICHUM  METOJOM, € e()eKTUBHUMH,
ockinbku £=1,54 > Ey = 0,12,

[Ipu He3HayHUX 301JIBIICHHI BApTOCTI Ta 3HMKEHHI

MIITHOCTI, y MOPiBHSHHI 13
TPaAMUIAHUMH  KOHCTPYKLISIMH, 3aCTOCYBAaHHS
IPEHYI0Y0TO mapy, PO3paxOBaHOTO 3a
YIOCKOHAJIEHUM METOJIOM, nae 3MOry

ONTHMI3YBAaTU MapaMEeTPU JOPOKHBOI KOHCTPYKIIIi
mi IHOUBIAyaldbHI  YMOBH  BOJIHO-TEIJIOBOTO
pexuMy Ta  MIABUIIATA 11  HAmIAHICTD 1
JIOBIOBIYHICTb.
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calculation, it was found out that modulus
of elasticity of a road pavement with a
drainage layer calculated as per advanced
method is 319.33 MPa. This value
complies with the required modulus of
elasticity for Il maintenance category
roads. Again, the modulus of elasticity of
the option 1 is 325.60 MPa, which exceeds
the modulus of elasticity of the option 2 by
2 % only. Therefore, there is a negligible
weakening of structure due to reduction of
sand drainage layer thickness.

Conclusions

Thus, investments into arrangement of
sand-layer  shallow drainage system
calculated as per advanced method may be
considered efficient, since E=1.54 > Ey =
0.12.

While leading to negligible cost increase
and strength reduction compared to
conventional structures, application of
drainage layer calculated as per advance
method allows for optimization of road
structure parameters with regard to
specifics of temperature and humidity
regime and provides increase of road
structure reliability and durability.
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YK 368:332.6
CoxonoBa H.M., kaH/1. €KOH. HayK

EKOJIOI'TYHE CTPAXYBAHHS B CUCTEMI EKOJIOI'O -
EKOHOMIYHOI'O YIIPABJIIHHA EKOJIOT'T3AIIIEIO BUPOBHHUIITBA

AHOTAaMis. Y CTaTTi OKPECICHO CYTHICTHO-3MICTOBHY OCHOBY €KOJIOTIYHOTO CTPaxyBaHHS 3 TO3HIIIi
dbopMyBaHHS Ta PO3BUTKY CHCTEMH €KOJIOTi3almil BHpPOOHHUIITBA Y KOHTEKCTI EKOCHUCTEMHOT'O
yrpasiiHHs. OXapakTepu30BaHO BU3HAYAIBHY POJIb €KOJOTIYHOTO CTPAaXyBaHHS.

OO0’ €eKT OCTIIKEHHS — €KOJIOTIYHE CTPaXyBaHHs B CUCTEMI €KOJIOT0-EKOHOMIYHOTO YIIPABIiHHS.
Mera poOOTH — aHAIII3 ICHYFOYHMX MAXOMIB A0 TPAaKTyBaHHS Me(DIHIIIT «EKOJOTITYHE CTpaxyBaHHS,
YTOYHEHHS HOT0 3MICTy, BU3HAUYCHHS XapaKTePHUX O3HAK MPUTAMaHHUX [IbOMY BH]Iy CTpaxyBaHHS, a
TaKO0X OpraHizauii cTpaxoBoi AisSJILHOCTI K (pakTOpy eKoJorizallii BUpOOHHUIITBA.

MeToau TOCTIKSHHS — aHATI THIHHH.

Karw4oBi cioBa: ekoyioriyHe CTpaxyBaHHS, HaBKOJIMIIHE CEPEIOBHUIIE, EKOJIOT0-eKOHOMIYHE
YIIpaBIIiHHSA, €KOJIOT13aIlisl BAPOOHHIITBA.
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ENVIRONMENTAL INSURANCE IN THE SYSTEM OF ECOLOGICAL-
ECONOMIC MANAGEMENT OF ECOLOGIZATION THE PRODUCTION.

Abstract. The article outlines essentially-meaningful basis of environmental insurance from a
position of formation and development of system ecologization the production in the context of
ecosystem management. Characterized crucial role of environmental insurance.

Object of study - environmental insurance in the system of ecological-economic management.
Purpose - analysis of existing approaches to the interpretation of the definition of "ecological
insurance”, clarification of its meaning, definition of characteristic features inherent to this type of
insurance and also organization of insurance activity as a factor of ecologization production.
Methods - analytical.

Keywords: environmental insurance, environmental, ecological - economic management,
ecologization production.

YK 368: 332.6
CoxosioBa H.H., kanja. 3koH. HAyK

IKOJIOI'NMYECKOE CTPAXOBAHHUE B CUCTEME 3KOJIOT'O-9KOHOMHUYECKOI'O
YIOPABJIEHUS DKOJIOT U3AIIMEN ITPOU3BOJICTBA

AHHoTaumsi. B cratbe 0003Hau€HBI CYIIHOCTHO-COJEPIKATEIBbHYI0 OCHOBY 3KOJOTMYECKOTO
CTpaxoOBaHUs C TO3UIMU (HOPMUPOBAHMS W PA3BUTHS CHUCTEMBbI SKOJIOTM3alMM IPOU3BOJCTBA B
KOHTEKCTE 3KOCHUCTEMHOIO yrpasieHMs. OxapakTepu3oBaHa ONpPEENSIONIas pojib dKOJIOTHYECKOIO
CTpaxOBaHMUS.

OOBEKT WuCCHeoBaHMS - HKOJOTHYECKOE CTPAXOBAHHME B CHCTEME 3KOJOI0-?KOHOMHYECKOIO
yIpaBiIeHUS.

Llens paboThl - aHaANW3 CYLIECTBYIOIIMX IOAXOMOB K TPAKTOBKE ACPUHHIIMU «IKOJIOTUYECKOE
CTpaxOBaHME», YTOUHEHUSI €ro COJIEpXaHHs, OMNpeAesieHHe XapaKTepHbIX 4YepT, MPUCYIIUX STOMY
BUJYy CTPaxOBaHUs, a TAKKE OPraHM3allMM CTPAXOBOHM JAEATENBHOCTH Kak (hakTopa 3KOJOTH3alHuu
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IIPOU3BOJICTBA.
MerToabl Hccie0BaHuUs - aHATUTHUECKUH.

KiarwueBble ¢jI0Ba: 3KOJIOTHUYECKOE CTpaxOBaHUC, OKpYyXKarollasd Cpcaa, 3KOJOI0-3KOHOMHUYCCKOC

YIPABJICHUC, DKOJOIrU3anusa IMpou3BOJACTBA.

ITocTanoBKa npoodJieMu

CyuacHHii CTaH PO3BHUTKY CYCHIJIbHHX BiJIHOCHH 3
MOCTIHO 3pPOCTAIOYUM AHTPOIIOTCHHUM BIUTHBOM
Ha HABKOJIMIIHE IMPHPOJTHE CEPEIOBHIIEC BHMArae
3MIHM  BIJHOIICHHS JIFOACTBA JIO  MPOIIECIB
BUPOOHHMIITBA Ta CIIOKMBaHHS TOBapiB. SKiio
paHimie B OCHOBY Oyap-sIKMX il  JIIOJUHU
CTaBUJIUCS €KOHOMIUHI MPIOPUTETH, TO CHOTOJIHI Ha
MEPIINi IJIaH BUXOMATH SKOJIOTIYHI miji. [HmmMun
CIIOBaMH, HAa HHUHINIHBOMY €Tali  PO3BHUTKY
BUPOOHUIITBA KOXHE PIMIEHHS II0J0 OCBOEHHS
HOBUX a0o0 MojepHi3alii crapux BHUPOOHHUIITB
HEOOXITHO OIlIHIOBAaTH 3 TIO3MINl 3MCHIICHHS
HETaTUBHOTO BIUIMBY Ha JIOBKIJUIS.

Takuit X1z HA3UBAIOTh €KOJIOT13aL[I€r0
BUPOOHMIITBA. TakuM YHMHOM, €KOJIOTi3amisi — IIe
3MEHILIEHHS I1HTErPaJIbHOTO E€KOAECTPYKTUBHOIO
BIUIUBY TPOIICCIB BHUPOOHUIITBA Ta CIOKWBaHHS
TOBapiB y pO3paxyHKy Ha OJMHHIIO CYKYITHOTO
CyCNUJIbHOTO TpoAyKTy. Ekomorizamis € OuThbII
IIUPOKUM  TOHSTTSAM HDK  IPUPOJIOOXOPOHHA
TUSTTBHICT, OCKUIBKM 11 IIUUII0 € HE OXOpPOHA
MPUPOJHOTO CEPEeNOBUINA, a 3amodiraHHs ioro
MOILKO/KEHHIO Yepe3 BUIIyYEHHS 3 BUPOOHUIITBA 1
CIOXKMBaHHS  TPUPOJIO-HEOE3MEYHUX  TOBAPIB.
Ekonorizamiis He € CHHOHIMOM ,,0XOPOHH
OpUpOAU~, OCKUIBKM BOHA CHOpsSMOBaHa Ha
€KOJIOT1YHE BJOCKOHAJICHHS, TOOTO 3HWIKECHHS
noTpedu B OXOPOHI MPHUPOAM, Yepe3 3MEHILIEHHS
€KOJIECTPYKTHBHOTO BILJIUBY.

IIpouecn €KO0JeCTPYKTHBHOIO BILJIUBY
TPYIYIOTHCS 32 I’ IThbMa HaIlpPsIMaMu:

- 3a0py/IHEHHS (ximiuHe, LIIYMOBE,
€JIEKTPOMAarHiTHE, TEILJIOBE, pamiariiine,

OioJorivyHe Ta iH.);

- TopylleHHs JaHamadriB (pUTTA KOTJIOBAHIB,
KaHaliB, OpaHKa IPYHTIB, (OpMYyBaHHs BiJBaiB,
3MiHA pycenl piK, OCYIICHHS OOJIT, 3aTOIUICHHS
TepUTOpii);

- OpsSMHMHA  BIUIMB HAa  OpPraHi3M  JIIOAMHU
(BUpOOHUYHMI TpaBMaTH3M, npodeciitui
3aXBOPIOBAHHS, MIABUIIIEHHS padialliiHoro (GoHy);
- BIUIUB HAa XapaKTEPUCTUKU JIOJUHHU  SIK
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Formulation of the problem

The current state of social relations with
every time increasing anthropogenic impacts
on the environment requires changes in
attitude of humanity to the processes of
production and consumption of goods.
Previously in the foundation of any human
actions were economic priorities and now to
the fore are coming environmental goals. In
other words, at this stage of the development
of production each decision on the
development of new or upgrading old
manufactures should be evaluated from the
position of reducing negative environmental
impact.

Such approach is called ecologization of
production. Thus, ecologization - is a reduce
of  integral eco destructive impact of
production processes and consumption of
goods in counting per unit of gross national
product. Ecologization is more broad
concept than environmental protection
because its goal is not the environmental
protection but the prevention of its damage
through exclusion from production and
consumption of natural and dangerous
goods. Ecologization is not synonymous
with " a nature protection” because it is
aimed at environmental improvements that
is to say the decrease of need for
conservation of nature onservation, by
reducing of natural and dangerous influence.

Process of eco destructive effect are
grouped into five areas:

- Pollution (chemical,
electromagnetic, thermal,
biological, etc.)

- Violation landscapes (digging ditches,
canals, plowed lands, forming heaps, change
channels of rivers, draining swamps, flooded
territories);

- A direct effect on the human body
(industrial injuries, occupational diseases,
increasing of background radiation);

noise,
radiation,
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0co0uCTOCTI (xoHBeepHE BUPOOHHUILITBO,
iHTeHcudiKallisi po3yMOBO1 AISTBHOCTI);

- MpSMUI HETaTMBHUI BIUIMB HAa TBAPHH 1 POCIUH
(ix 3arubenpb BiA TPAHCHOPTY, 3aTOIUICHHS 1
OCYIIEHHS 3eMeJb Ta 3a0pyJHEHHS BOJIOWM).

Tomy ekosmorizanis MoBUHHA OyTH CHpPSMOBaHA Ha
3MEHIICHHS 3a0pyJHEHHS HPUPOTHOTO
CEpEeJIOBHUIIIA, MOPYIIEHHS nanamadTis,
HETaTHBHOTO BIUIMBY Ha JIIOAWHY, TBapUHHHUH Ta
POCTUHHUI CBIT.

JUiss  yCHiIIHOTO  MPAKTUYHOTO  BUPILICHHS
3a0e3MeyeHHs  yMOB  €KOJIOT14HO CTilikoro
COIIIAIbHO-€KOHOMIYHOTO ~ PO3BHTKY Tally3ei i

perioHiB HEOOXiHO pO3MIUPEHHS 1 30aradyeHHs
BUKOPHUCTOBYBAaHHMX 3acO0iB  pEryJIiOBaHHS Ha
OCHOBI  pO3pOOKHM 1 BIPOBAI)KCHHS  HOBHX
€IEMEHTIB Ta IHCTPYMEHTapifo, B TOMY YHCIHI
MPUPOJOOXOPOHHOTO  perymoBaHHs. OpHum 3
HAOIBII eQEeKTHBHUX, CYYaCHUX IHCTPYMEHTIB
CUCTEeMH €KOJIOT14HOT Oe3leKu Ta EeKOHOMIKO-
€KOJIOTIYHOTO  KOHTPOJIO  TOBHHHI  CTaTH
€KOJIOTIUHE CTpaxyBaHHS, EKOJOTIYHWM ayauT i
eKOJIOT1UHUH 00K [1].

[TepcniekTHBHUM MOMEHTOM eKoJiorizarrii
BUpPOOHMLITBA €  OpraHizamis  eKOJOIi4YHOIro
cTpaxyBaHHA. Ha kaib, CTpaXyBaHHS €KOJIOTIYHHX
PU3UKIB B JIaHMH 4Yac HE OTPUMAJO HAJIEKHOTO
nomupeHHs. CTpaxoBi MPaBOBIIHOCMHHU B Hallii
KpaiHi 3IIMCHIOIOTBCA Ha MiAcTaBi THUIOBOTO
MOJTAaHHS po TIOPSIIOK NO0OPOBLILHOTO
CTpaxyBaHHs, SK€ HEIOCTaTHhO JIOOMPAIbOBAHO 1
Ma€ 3Ha4YHI HENONIKH. AJle TOJOBHAa TPUYMHA
[ojisirae He B IbOMY, a B HEOOOB’SI3KOBOMY
XapakTepl €eKOJOTrIYHOTO CTpaxyBaHHS. B miit
cuTyanii, 3 OINIAAY Ha TPOMAISHCBKY He
aKTUBHICTh IOpUAMYHUX 1 (I3UYHHUX 0OcC10, sIKi
MNOCTPaXAadX  BiJl  AHTPOIOTEHHOIO  BIUIUBY,
M1IIPUEMCTBA-3a0pyAHIOBaYA HE XO4yTh
CTpaxyBaTH €KOJIOTIYHI  PH3UKH, TOMY IO
HMOBIPHICTb MpeAa'sIBJICHHS MO030BIB po
BIJIIKOAYBAaHHS IIKOAM Maibke HynboBa. Kpim
TOTO, 4epe3 He IMIArOTOBKY  MOTEHUIHHUX
CTpaxyBaJIbHUKIB, CTpaxoBi  KOMHaHii  He
3aIliKaBJICH] 31MCHIOBAaTH aKTUBHY MiSUTBHICTH B
chepl  EKOJOTYHOIO  CTpaxyBaHHSA. 3MIHUTH
ICHYIOUMH CTaH, 3MYCHUTH IIpaLIOBATH CUCTEMY
CTpaxyBaHHS €KOJIOTIYHUX PHU3UKIB JO3BOJIUTh
MPUAHATTS 3aKOHOJABUYMX aKTiB MPO OOOB'S3KOBE
€KOJIOT1YHE CTpaxXyBaHHSI.
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- The impact on the characteristics of human
beings (assembly-line production,
intensification of intellectual activity);

- A direct negative impact on plants and
animals (their deaths from transport and land
drainage flooding and water pollution).

Therefore ecologization should be aimed at
reducing environmental pollution, violation
of landscapes, negative effects on human,
animal and plant life.

For the successful practical solution
ensuring conditions of stable socio-
economic development sectors and regions
it's necessary to expand and enrich used
means of regulation based on the
development and introduction of new items
and  tools, including environmental
regulation. One of the most effective and
modern tools of environmental safety,
economic and environmental controls should
be environmental insurance, environmental
audits and environmental accounting. [1]

Perspective  aspect of  ecologization
production is the environmental insurance
organization. Unfortunately, now insurance
of environmental risks did not receive
proper distribution. In our country insurance
relations are making based on typical
application about the procedure of voluntary
insurance, which is not completed and has
significant disadvantages. But the main
reason lies not in it but in optional nature of
environmental insurance. In this situation, in
view of the civil inactivity legal and natural
persons who affected by human influence,
companies-polluters do not want to insure
environmental risks, so that the probability
of presentation of claims for damages almost
zero. In addition, because of no training
potential policyholders, insurance
companies are not interested in making
active actions in the field of environmental
insurance. Change existing condition, to
make insurance system of environmental
risks work, will legislate mandatory of
environmental insurance. Insurance of
environmental risks can also be used in
industry, for that enterprises must insure
risks which carry wastewater discharges into
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CrpaxyBaHHS €KOJOTIUYHUX PHU3HMKIB MOXKE TaKOX
3HAMTH 3aCTOCYBaHHS B MIPOMHCIOBOCTI, IS LIOT'O
HiANPUEMCTBA TIOBUHHI CTPaxyBaTH PHU3UKHU, SKi
3MIMCHIOIOTHh CKUM CTIYHHMX BOJ B PiUKH [2].

AHaJIi3 OCTAHHIX JOCTiIKeHb i myO rikaIrii.

BaxxiuBum BayKeJIEM CKOHOMIYHOTO
CTUMYJIFOBaHHS TPUPOJIOOXOPOHHUX BHTpAT €
3MiACHEHHsT OOOB'SI3KOBOrO W JOOPOBUIBHOTO
JCPXKABHOTO Ta IHIIMX BHJIB  CTpaxyBaHHs
TpOMAJASSH Ta IXHBOTO MailHa 1  JOXOIIB
MIJIPUEMCTB HA BWIIAJIOK I[IKOAM, 3aBIaHOI
BHACIIIJIOK 3a0pyIHEHHSI HABKOJIMIIHBOTO

Cepe/IOBHILlA Ta TMOTIPIICHHS SKOCTI MPUPOIHHUX
pecypciB. Lle Bu3HaueHo B 3akoHi Ykpainu "IIpo
OXOpPOHY HABKOJIMIIIHBOTO MIPUPOJTHOTO
cepenopuma’. OIHAK TOPSAIOK 1 MOJOXKEHHS PO
€KOJIOTIYHE CTpaxyBaHHS 3aKOHOIABCTBOM HeE
Bu3HaveHi [3].

[MutanHs  3ampoBa/pkeHHS Ta  3a0e3MedYeHHs
(GYHKI[IOHYBaHHSI €KOJIOTIYHOTO CTPaxyBaHHS €
noBosi  aktyadpHuMu. Came  TOMy  iCHYE
HEOOX1AHICTh KOMIUIEKCHOI'O JOCHIKEHHS MUTAaHb,
OB’ SI3aHUX 13 JISUTBHICTIO [BOTO 1HCTPYMEHTAPIIO.
VY pob6orax C.B. Makapa, I'.'A. Motkina, O.M.
Binenuyka, P.T. JlaBu0BOi Ta psiny 1HIINX aBTOPIB
3HayHa yBara NPUAUIAETbCS  OOIPYHTYBAHHIO
HEOOXIZHOCTI 3anpoBa/KEHHS Ta (HOPMYBaHHIO
OCHOBHMX IMPHHLUIIB €KOJOTTYHOIO CTpaxyBaHHS.

B ToM e wuac 3HaYHa KUIBKICTh IUTaHb,
OB’ I3aHUX 3 MPaKTUKOIO €KOJIOT1YHOTO
CTpaxyBaHHS HE BHCBITJICHUX B  HAyKOBIH

JiTepaTypi BUMArae rnojaajbIioro JOCTiKEHHS.
ITocTaHoBKA 3aBAaHHSA

B skocTi MeTH 1i€i CTarTi aHami3 ICHYIOYHMX
MIIXOMIB 10 TpaKTyBaHHs ne]iHIIi «eKOJIOTIuHE
CTpaxyBaHH», yTOUHEHHs  HOro  3Mmicry,
BU3HAYCHHS XapaKTePHUX O3HAK TPUTaMaHHUX
IIbOMY BHJYy CTpaxyBaHHs, a TaKOXX OpraHizarii
CTpaxoBOi MJISUIBHOCTI SIK (haKTOpy eKoJorizarii
BUPOOHMIITBA.

BukJiax ocHOBHOro Martepiany

l'onoBHe 3aBHaHHS E€KOJIOTIYHOTO CTpPaXyBaHHSI —
KOMIICHCAI[ISl ~ CTpaxyBaJIbHUKaM 30WTKIB, IO
BUHUKAIOTh YHACIIJOK BHUIAJKOBOTO 3a0pyIHEHHS
HaBKOJIMIITHOTO MIPUPOHOTO CEepeIOBUIIA,
nojgaTkoBe (hiHaHCOBE 3a0E3MEUYCHHS EKOJOTIYHOi
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rivers [2].

Analysis of recent research and
publications.

An important lever of economic promotion
of  environmental costs is  the
implementation of mandatory and voluntary
public insurance and other types of citizens
insurance, their property and business
income in the event of damage caused by
pollution of the environment and
deterioration a quality of natural resources.
This is defined in the law of Ukraine "About
Environmental Protection”. However, the
procedure and provisions on environmental
insurance law are not defined [3].

The question of the introduction and
operation of environmental insurance is
quite relevant. That is why there is a need
for a comprehensive study of issues related
to the activities of this tool. In the works of
S.V. Makara, G.A. Motkina, O.M.
Vilenchuka, R.T .Davidovoj and other
several authors much attention is paid on the
need of introduction and formation of the
basic principles of environmental insurance.
At the same time, a significant number of
issues related with the practice of ecological
insurance that are not covered in the
scientific  literature,  requires  further
investigation.

Setting objectives

As the purpose of this article is the analysis
of existing approaches to the interpretation
of the definition of “ecological insurance”,
elaboration its meaning, definition of
characteristic features inherent to this type
of insurance and also organization of
insurance  activity as a factor of
ecologization production.

Presenting of the main material

The main objective of environmental
insurance - a compensation for insured
losses arising from accidental contamination
of the environment, the additional financial
support for environmental safety in
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Oe3neKku IMpH JOJEpXKaHHI IHTEPeciB yCiX CTOpiH
JOTOBOPY, 3MEHIIICHHS IIJIATEXIB 3a 3a0pyIHEHHS.

ExomnoriuHe  cTpaXxyBaHHsS  CTBOPIOE  B3aEMHY
EKOHOMIUHY 3alliKaBJIEHICTh CTPaxXyBaJbHHUKIB 1
CTPaxXOBUX OpraHizamiii y B3HWKCHHI PH3UKY
3a0pyIHEHHS HaBKOJIUIIHBOTO MIPUPOJTHOTO
cepenoBuina. CTpaxyBaJlbHUK —3alliKaBJICHUH Yy
MIJBUIIICHHI CBOET €KOJIOTIYHOI Oe3meku i Tomy,
10 3 TMiJBUILIEHHSM IMOBIPHOCTI aBapiil 3pOCTa0Th
CTaBKH CTpaxoBux BHeckiB. Kpim Toro, y Burmsii
320XOYCHHS 0e3aBapiiHOCTI CTpaxyBaJIbHUK
OJIEpP)KYE HHM3KY CKOHOMIYHUX MUIBI — IiJIbIOBI
YMOBH  TIOJIOBXKEHHSI ~ CTPaxOBOTO  JOTOBOPY,
3aJy4eHHS JIOJIATKOBUX pecypciB i3  QoHay
NPEBEHTHUBHUX  3aXOMdIB  CTpaxyBaJbHMKAa  Ha
MIPOBE/ICHHS MPHUPOJOOXOPOHHUX YH 3armoOiKHUX
3aXO/I1B.

Y MDKHapoAHil MpakTUIll CTPAxXOBUM PH3UK
BHU3HAYAETHCS SIK SBUIIIEC, 3/[aTHE CIIPUINHHUTH TIEBHI
BTpaTH, IKHX MOKHA YHUKHYTH 32 PaXyHOK KYIiBIl
cTpaxoBoro momicy. Jlo cdepu ekoiorivHoro
CTpaxyBaHHS HAaJEKHUTb CTpaxXyBaHHS PH3UKY
MMOHATHOPMATUBHUX BUKHUIIB 1 CKHUJIB IIKITHBHX
pPEYOBUH,  EKOJIOTIYHUX  30UTKIB  yHACTiIOK
€KOJIOTTYHUX KaTacTpod, €KOJOTriYHE CTpaxyBaHHS
HOBHMX TeXHOJIOTi Tomo. B oOoB'si3koBoMy i
TOOPOBITLHOMY CTpPaxXyBaHHI €KOJIOTIYHUX PU3HKIB
BUKOPUCTOBYIOTh  KiJlbka  BHJIB  CTPaxOBHX
JIOTOBOPIB Ta TOJICIB. Y pa3l cTpaXxyBaHHS
BIJIMOBIAANLHOCTI 3a (i3UyHI W MailHOBI IIKOJIU
TpeTiit 0cobi, K IIbOTO BUMArae 3aKOHOJABCTBO Y
chepi TMOBOMKEHHS 3 TBEPAUMH BIIXOAAMH,
3aCTOCOBYIOTB JIBa OCHOBHI MTOJIICH:

- TMOJIIC CTpaxyBaHHs BCEOIYHOI TIeHepaIbHOT
BIIMOBIIAJILHOCTI 32 IIKOJAY HABKOJHUITHBOMY
Cepe/IoBUILLY;

- MOJIIC CcTpaxyBaHHS BIJNOBIIAIBHOCTI 33 HIKOAY
HAaBKOJIMIIIHBOMY CEPEIOBUIILY.

3 moriAay CTpaxoBOTO MOKPUTTA € ABi dopMu
IOJIICIB:

- Ha OCHOBI IIpETEeH31H;

- Ha OCHOBI €KOJIOTIYHUX CHUTYAaIlii, 0 CKIAJINCS.

Jlnst  BBEICHHS  JIEPXKABHOTO  OOOB'SI3KOBOTO
€KOJIOTIYHOTO0 CTpaxyBaHHS (Ha BIAMIHY BiJ
TO0OpOBIILHOTO) B YKpaiHl  CHig — MpUAHSTH
BIJIMOBIAHUIA 3aKOH, Y SKOMY O BHU3HAUalHCS SK
MPOBiJIHA CTpaxoBa KOMMaHisA (KommaHii), TakK 1
MOPAJOK  YTBOPEHHS 174 (byHKLIOHYBaHHS
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maintaining the interests of all sides of the
agreement,  reduction  payments  for
pollution.

Environmental insurance creates mutual
economic interest of insurers and insurance
organizations in reducing the risk of
environmental  pollution.  Insurer s
interested in improving environmental safety
also because of the increasing of probability
of accidents are increasing rate of insurance
contributions. In addition, as a failsafe the
insurer receives a number of economic
benefits — reduced extension of terms of the
insurance contract, additional resources
from the fund preventive measures for
conduct environmental and safety events.

In international practice the insurance risk is
defined as a phenomenon that can cause
some losses which can be avoided by buying
an insurance policy. The scope of
environmental insurance includes the
insurance risk of abnormal emissions and
discharges of hazardous substances,
environmental damage due to environmental
disasters, environmental insurance of new
technologies etc. Compulsory and voluntary
insurance of environmental risks use several
kinds of insurance contracts and policies. In
the case of liability insurance for physical
and property damage to the third person, as
it is required by legislation on solid waste
management, are used two main policies:

- Insurance policy of comprehensive general
liability for damage of the environment;

- Insurance policy for damage of the
environment.

In terms of coverage, there are two forms of
policies:

- Based on claims;

- Based on environmental situations that
happened.

To enter the state compulsory environmental
insurance in Ukraine (rather than voluntary)
should adopt a law, which would be defined
the leading insurance company (companies)
and the order of formation and functioning
of state environmental insurance fund.
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Jep>KaBHOTO €KOJIOTIYHOTO CTPaxoBOTo (OHY.

[Topsnox JTOOPOBLIBHOTO KOpIOPaTUBHOIO
€KOJIOTTYHOTO CTpaxyBaHHS BU3HAYACTHCS
BIIMOBIAHAMH  JIOTOBOpaMH,  MpaBWIaMud U

HOpMaMu IMBUIBHOIO 3akoHOAaBcTBa. B VYkpaiHi

JUIS  BBEICHHA JOOPOBUILHOTO  €KOJIOTIYHOTO
CTpaxyBaHHA  TNOTpiOHO  mpuiiHATH  TuMOBE
MTOJIOKCHHS mpo MOPSITOK €KOJIOTTYHOTO

CTpaxyBaHHs, sKe O yBOOWIOCS B  JIIO
PO3MOPAUKEHHSIM  YpAay JAep)KaBU Ha MiACTaBi
TunmoBoro mMOJOXKEHHS  CTpPaxoBi  OpraHizarii
po3pobisiroTe  cBoi [lpaBuia 3  JOOPOBUILHOTO
€KOJIOTIYHOTO CTpaxyBaHHs. JlOIIbHO B IHMX
npaBUjIax  MepeadayuTH  TOJOXKEHHS  II0J0
CTPaxOBOTr0 €KOJIOTIYHOTO ayAUTY, SIKHH Ja€ 3MOTY
pO3B'SI3yBaTH 3aBJaHHS BHU3HAYCHHS IapaMeTpiB
00'eKTIB CTpaxoBOro Mo (OLIHIOBATH CTYMHiHb

€KOJIOT1YHOT Hebe3nekn T ITPUEMCTB i
BHUPOOHHUIITB, PO3MIp MOXJIMBHX 30HMTKIB 1
Tapu(HUX CTABOK CTPAXOBUX BHECKIB).

CrpaxoBa oprasizariis 3 €KOJIOT19HOTO

CTpaxyBaHHS HaJa€ CTPAxXOBHUH 3aXWUCT IMBUIBHOI
MaifHOBOi BiJMOBINANBHOCTI CTpaxyBaJIbHUKaM 3a
IIKOJy, 3aBJaHy TpeTiM oco0aM  YHaCIiJI0K
panToBOro, HEYHNEPEKEHOr0 ¥ HEOUYiKyBaHOTO
3a0pyIHEHHS HaBKOJIMIIHBOTO PUPOTHOTO
cepenoBuima. CTpaxyBalbHUKAMH  BHCTYMAIOTh
Kopriopariii, miaAnpueMcTBa BCiX (OpM BIACHOCTI,
SIK1 € FOPUIUIHUMHU 0coOamu [4].

B ocHOBi paHXyBaHHS MIJIPUEMCTB 33 CTYNEHEM
X exonoriynoi HeOe3meKH JIeaTh  OLIHKH
HMOBIPHOCTI CTPaxOBOrO pPU3UKY 3a0pyIHEHHS

HaBKOJIMIIHBOTO CEpPEeOBHILA 1 IOTEHLIHHOTro
€KOHOMIYHOTO 30UTKY, 10 3aBJAETHCS
3a0pyIHEHHSIM.

Cmpaxoeuil puzuk - TIeBHA MO, Y pa3l HaCTaHHS
KO MPOBOJUTHLCS CTPaxyBaHHs, TOOTO B JaHOMY
BUTIAJIKY 1€ MOXJIMBICT TPEISBICHHS  J0
CTpaxyBaJbHUKAa  MalHOBMX  TMpeTeH3id  3a
3amojlifHy iM eKOoJIOTiuHMi 30uTOK. Ha ocCHOBI
BEJIMYMHU E€KOHOMIYHOTO 30UTKY BiJ] aBapiitHOTO
3a0pyIHEHHS cepeIoBHIIa HiAPHEMCTBA
MOJLISIOTH HA TPHU TPYIIH.

I'pyma "A" - ocobnuBo Hebe3neuHi - MiANPUEMCTBA
3 iMOBipHicTIO aBapiii Ha piBHI 0,09. Bonu nmoBuHHI
MJISATaTH 000B'I3KOBOMY CTpaxXyBaHHIO.

I'pyma "B" - HeOe3neuHi - 3 iIMOBIPHICTIO aBapiii Ha
piBai  0,085. PimenHs mno ix 00O0B'I3KOBOMY
CTpaxyBaHHIO IPUMMAIOTh perioHasnbHi
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The order of voluntary corporate
environmental insurance is defined by the
relevant treaties, regulations and rules of
civil law. In Ukraine, for the introduction of
voluntary environmental insurance must
accept model clause about order of
environmental insurance, which would be
enforced by government order.

Based on model clause insurance companies
design  their  rules of  voluntary
environmental insurance. It is advisable in
these rules to make provision of insurance
environmental audit, which enables to solve
the problem of determining parameters of
objects insurance field (assess the
environmental hazard of companies and
industries, the size of potential losses in
tariff rates and insurance premiums).

Insurance company of environmental
insurance provides insurance protection of
civil property liability insurers for damage
caused to third side as a result of sudden,
unexpected and impartial environmental
pollution. Insurers are performed as
corporations, enterprises of all types of
property that are legal persons [4].

Underlying ranking companies according to
their environmental hazards assess the
probability of the insured risk of pollution
and potential economic damage inflicted
pollution.

Insurance risk - a certain event, in case of
which the insurance is conducted, that in this
case this is a possibility of presenting to the
insured property claims caused them by
environmental damage. Based on the value
of economic damage from accidental
pollution enterprises are divided into three
groups.

Group "A" - extra dangerous - companies
with a probability of accidents at 0.09. They
should be subject to compulsory insurance.
Group "B" - dangerous - with a probability
of accidents at 0.085. The decision on
compulsory insurance is taken by regional
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MIPUPOTOOXOPOHHI OpPraHu.

I'pyna "B" - manonebe3neyHi - HMOBIpHICTh aBapiit
0,059. [TinnpuemcTBa CTPaxyroTh PU3UK
CKOJIOTIYHUX aBapiii Ha 100POBLIbHIM 0cHOBI [5].

Y OuUIbIIOCTI PO3BMHEHHUX KpaiH (YHKIIIOHYIOTH
7Ba  PI3HOBHIM  CTpaxyBaHHs, TMOB’s3aHi i3
EKOJIOTIYHUMU PU3UKAMU:

- TepmMid — CTpaxyBaHHS JOBKUUIA — BHJI
CTpaxyBaHHS, SKHH Mae€ Ha MeTi 3a0e3meduTH
30epexeHHss ~ OlOpI3HOMAHITTS,  SKE  MOXe

MOCTPAKJATH BiJ] €KOJOTIYHHUX KaTacTpod; BOHO
3MIIACHIOETHCS 32 TPAaBUIIAMH, MEepeI0aYeHUMHU ISt
CTpaxyBaHHS MaifHa Ta 3 ypaxyBaHHIM CHElM}IKH
00’€KTiB cTpaxyBaHH [6];

- JIpyrMd — €KOJIOTiYyHe CTpaxyBaHHS — BHJI
CTpaxyBaHHS, SKWUW TOKIWKaHUN 3a0e3rnedyBaTu
CTpaxOBHM 3axHCT y pa3l 3amofisHHS 30UTKIB
MaiiHy CTpaxyBaJIbHUKa, TpeTix ocib, abo iforo
3HUULICHHS, NPU YUIKOJDKEHHSAX 370pOB’S TpeTiX
oci0, 3ynuHeHHs Oi3Hecy, HaKJaJaHHA Ha
BUHYBATIS MITpadHUX CAHKIIN, IPU HEOOXITHOCTI
OYHCTKH BIJ 3a0pyJHEHHS TepuTopii
CTpaxyBaJbHUKAa Ta TpPETIX 0ci0, a TakoX Yy
BUMAJKy BHUHUKHEHHS TIOTpeOM 3 BHBE3CHHS
3a0py/nHEHb, 0co0aM Yy pe3ynabpTaTi panToBoOro,
HEHAaBMUCHOTO M HECHOJIBAaHOTO 3a0pyJIHEHHS
HaBKOJIMIIHBOTO MPUPOIHOIO cepeloBHIa abo
CTUXIHHOTO JInXa [7].

BpaxoByroun 1e BiIMi4aeMo, IO 3aBJaHHIMHU
eKOJIOTIYHOTO  CTpaxyBaHHS €  yIpPaBIIiHHS
€KOJIOTIYHUMH PU3MKaMHU Ta 3aXUCT BiJ iX MPOSBIB,
a caMme BIJ:

- MaTepialbHOI IIKOAM, 3aBIAHOI BJIACHOCTI
GIBUYHUX Ta IOPUIUYHHX OCIO, a TaKOX IIKOJIH,
MOB’3aHOI 3  BTPATOI  JIOXOXLYy, MPHOYTKY,
MepepBOI0 y BUPOOHUITBI — B YKpaiHi 3a3HaueHe
BUIIE € TMpPeIMETOM JIOrOBOpPiB  MaiHOBOTO
CTpaxyBaHHS Ta CTpaxyBaHHsS LUBLIHHO-TIPABOBOT
BIAIIOBIIAIBHOCTI;

- IOKOAM, 3amoJisHOiI JKUTTIO, 3J0pPOB’I0 Ta
Mpale3JaTHOCTI JIIOAUHUA — B YKpaiHi e IpeaMer
JIOTOBOPIB 0COOOBOT'0 CTPaxyBaHHS;

- IIKOJIM, CIIPUYMHEHOT TOBKIJUTIO, TOOTO HAaHECEHOT
MPUPOJHUM €JIeMEHTaM (IpyHTaM, MOBEPXHEBHUM 1
HiA3€MHUM  BOJaM, TPHUPOJHOMY CEPEIOBUIILY
ICHYBaHHS pOCIMH 1 TBapuH, Oe3MmocepeIHbO
KMBHM OpraHizMaMm) — 3apa3 B YKpaiHi He mijisirae
CTpaxyBaHHIO, a KOMIIEHCYETbCA 3 JEpKABHHUX
KOIIITIB.

[Tpu 3anpoBaKEHHI €KOJIOTIYHOTO CTpaxyBaHHS B
VkpaiHi Ha yBary 3aciIyroBye Taka HOro
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environmental authorities.

Group "B" - low-hazard - the likelihood of
accidents 0.059. Enterprises insure the risk
of environmental accidents on a voluntary
basis [5].

In the most developed countries there are
two types of insurance relating with
environmental risks:

- the first - environmental insurance - kind
of insurance that aims to preserve
biodiversity, which can be affected by
environmental disasters; it is carried out
according to the rules provided for property
insurance and the specific objects of
insurance [6];

- the second - environmental insurance —
kind of insurance that is designed to provide
insurance protection in case of damage to
insured property, third sides, or its
destruction, the damage of health of third
sides, termination of business, overlay
penalties, if necessary cleaning from
pollution the territory of insurer and third
sides and in case of need for removal of
contaminants, individuals as a result of
sudden, unintended and  unexpected
environmental pollution or natural disaster.

[7]

Considering this we note that the tasks of
environmental insurance is a management
of environmental risks and protection from
their manifestations, namely from :

- Material damage caused to the property of
individuals and legal persons and damages
related to loss of income, profits, business
interruption - in Ukraine foregoing is a
subject of contracts of property insurance
and insurance of civil liability;

- Damage to life, health and disability rights
- in Ukraine it is the subject of contracts of
personal insurance;

- Damage caused to the environment that is
deposited natural elements (soils, surface
and underground waters, natural habitat of
plants and animals directly to living
organisms) - now in Ukraine cannot be
insured and compensated from public funds

By implementing environmental insurance
in Ukraine deserves the attention such its
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0COOIMBICTD, K Haa3BMYAHHO BEJMKI MaclITadbu
30MTKIB, 110 HiIJIAral0Th KOMIIEHCAIII].

Benuke 3HayeHHS y CHpaBi 3alpoBaKCHHS B
VYkpaiHi CHCTEMH EKOJIOTIYHOTO CTpaxyBaHHS
MOBUHHA BIIrpaBaTd Jep)KaBa, 3a PaxyHOK
(GhopMyBaHHSI €KOJIOTIYHHUX pe3epBHHUX (OHIIB Ta
npsMoi  ydacTi |y  CTpaxyBaHHI  OCOOJHMBO
HeOEe3MEeUYHUX MPOMUCIIOBHX 1 00OPOHHUX 00’ €KTIB,
po3polIi Ta peamizamii MITHOBHX EKOJIOTIYHUX
nporpaM, — CHOpSMOBaHMX  Ha  IONEPEIHKCHHS
eKOJIOTIYHUX  KaTacTpo(, CTBOPEHHI CHCTEMHU
€KOJIOTIYHOT CTATUCTHKH, HAYKOBOTO 3a0e3ICUCHHSI
naHoi chepu TOIIo.

BucHoBku

BpaxoByroun 3a3HaueHe BUIIE, MNPUXOIUMO IO
BHCHOBKY, III0 €KOJIOTIYHE CTpaxyBaHHS B YKpaiHi
MOBHUHHE BITPOBAHKYBATUCH K cyma environmental
i ecological crpaxyBaHHs Ta 3 00OB’SI3KOBOIO
yUYacTIO JiepXKaBu SIK rapaHTa 3a0e3MeueHHs SIKOCTI
JOBKUUISA, IO ITUIKOM BigNOBigae ii 000B’SI3KY
o0 3abe3nedeHHs MporojomeHoro y cr. 50
Koncrurynii Ykpainu mpaBa KO)XHOTO Ha Oe3redne
JUIS  KUTTS 1 3I0pOB's JOBKULIS Ta Ha
BIJIIIKOYBAHHSl  3aBJIaHOT TOPYIICHHSIM  IHOTO
npasa mkoau [5].

AHani3 BUIIlE HABEJICHUX IMiJIXO0/IB JO BU3HAYCHHS
CYTI MOHSTTS «EKOJOTIYHE CTPaXyBaHHS» JO3BOIISE
HaM c(OpPMYITIOBATH BH3HAYCHHS IIHOTO TIOHSTTS:
€KOJIOTIUHE CTpaxyBaHHS - 1€ CYKYIIHICTb
€KOHOMIYHUX BIJHOCHH, SKi BHHHKAIOTh MK
CTPaXxOBHKOM 1 CTpaxyBaJbHHUKOM (BIACHHUKOM,
eKCIUTyaTaHTOM JDKEpEN MiABUIIEHOI HEOE3IMeKH )
0710 3a0pyAHEHHS HaBKOJMIIHHOTO CEPEIOBHINA
Ta 3 TMPUBOAY 3aXUCTy MAaHHOBHUX IHTEpECIB
OCTaHHBOTO Yy pa3i 3aBJAaHHS HUM IIKOIH JKUTTIO Ta

3M0pOB’I0  TpoMajsH, MaiHy  (I3UYHUX 1
IOpUANYHUX O0ci0 Ta  JOBKUJUTIO  BHACIHIJIOK
panToBOrO Ta  HEHABMHCHOTO  3a0pY/JIHCHHS

HaBKOJIMIIHBOTO CEpEeAOBHUINA, 1 mepeadadaroTh
00OB’SI3KOBY CILIaTy CTPaXyBaJIbHUKOM CTPaXOBHX
npeMiid, sKi aJeKBaTHI CTYNEHIO PHU3MKOBAHOCTI
JDKepena  MiIBUIIEHOT HeOe3lmekw, a  TaKoXK
3000B’s13aHHSI  CTPaxOBHMKa 3MIMCHUTH CTPaxoBYy
BUIUIATY TIPH HACTAaHHI BUNANKY, BH3HAYCHOTO SK
cTpaxoBuii [8].

Cran noBkuwig B YKpaiHi O€3CyMHIBHO BHMarae
BIIPOBA/PKEHHS MPUHIIUIIOBO HOBOTO JUIs YKpaiHu
BUJY CTpaxyBaHHS — €KOJIOTIYHOTO.

Exonoriune crpaxyBaHHs TOBHHHE TiepemOayaTw,
KpIM 1HIIOTO, KOMIIEHCAIIF0 IIKOAU 3a 30UTKH
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feature as a very large scale losses that are
subject to compensation.

Great value in the case of implementation in
Ukraine of environmental insurance should
play the country due to forming ecological
reserve funds and direct participation in
insurance especially hazardous industrial
and defense facilities, the development and
implementation of targeted environmental
programs aimed at preventing environmental
disasters, creation of environmental
statistics, and scientific support of this
sphere.

Conclusions

Considering the above, we conclude that the
ecological insurance in Ukraine should be
implemented as the sum of environmental
and ecological insurance and mandatory
participation of the state as guarantor of the
quality of the environment, which is
consistent with its duty to ensure proclaimed
in art. 50 of the Constitution of Ukraine the
right of everyone to a safe and healthy
environment and to compensation of harm
violation of this right [5].

Analysis of the mentioned above approaches
to define the essence of the concept of
"ecological insurance™ allows us to
formulate a definition of the term:
environmental insurance —is a set of
economic relations that arise between the
insurer and the insured (owner, operator
sources of  increased danger) of
environmental pollution and for the
protection of property the interests of the
latest in the event of his damage to life and
health of citizens, property of individuals
and legal persons and the environment due
to the sudden and accidental pollution, and
provide for the mandatory insurers payment
of insurance premiums that are adequate to
the level of risk source of increased danger
and obligations of insurer to make insurance
payment upon the occurrence of the event
specified as insurance [8].

The environmental situation in Ukraine
undoubtedly requires the introduction of a
fundamentally new for Ukraine kind of
insurance - environment.

Environmental insurance must provide,
among other things, compensation for
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3aBJaHi E€KOCHCTEMaM MIOBKUIII B o00cArax, IO
3a0€31e4yBaTUMYTh iX BITHOBJICHHS /10 IHTAKTHOTO
CTaHy, II0 TOBMHHO 3HAWTH BiZOOpaXeHHS B

3aKOHOJIaBCTBI Ykpainu. 3anpoBaKeHHS
€KOJIOT1YHOTO CTpaxyBaHHS JI03BOJIUTH
3a0e3neYnTH peanbpHy KOMITCHCAIIII0

3aCTpaxoOBaHUX CKOJOTIYHUX 30UTKIB, 3MEHIIHUTH
HABaHTAXXCHHS Ha JICp)KaBHUW Ta  MICIICBHI
OFO/PKETH, HAJaCTh MOXKJIUBICTh 3AIYYUTH PECypCH
CTPaXOBUX KOMITaHI# 1)1 1HBECTYBAaHHS €KOHOMIKH
Ta KOMIICHCALll 30MTKIB, HAHECECHUX BHACIIIOK
€KOJIOT1YHUX 1HIIAICHTIB.
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Penenszentn:

damages caused to the environment
ecosystems at levels that ensure their
recovery to the intact condition that should
be reflected in the legislation of Ukraine.
The introduction of environmental insurance
will provide compensation to the insured
real environmental damage, reduce the
burden on state and local budgets, will allow
insurance companies to attract resources for
investment in  the economy and
compensation for damage caused as a result
of environmental incidents.
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TPIIIAHOCTIMKICTh MOJUPIKOBAHUX BUCOKOMIITHAX
JAOPOXKHIX BETOHIB

AHoTauis. HaBeneHo pe3ynbTaTi AOCIIIPKEHHS BIUIMBY MiHEpaJIbHUX Ta XIMIYHUX JOOABOK Ha
BJIACTUBOCTI BHUCOKOMIITHOTO JIOPOXHBOTO OeToHy. BuBYeHO iX BIUIMB Ha MEXaHidHI
BJIACTUBOCTI, a TAaKOX CHJIOBI Ta EHEPreTHYHI NapaMeTpy TPIIIMHOCTIMKOCTI OeTOHIB.
JlocmimkeHo BIUIMB 00 ’€My BTATHYTOTO TIOBITPS y OCTOHHIM Cymiln Ha BJIACTUBOCTI
3aTBEPALIOr0 BUCOKOMIITHOTO JOPOKHBOTO OETOHY.

KirouoBi cioBa: akTuBHI MiHepaJibHI J100aBKH, BHCOKOMIIIHMM JIOPOXKHIM  O€TOH,
MOBITPOBTATYBAHHS, CyNepruiacTu(ikatop, TPIIUHOCTIHKICTb.

UDC 666.94
Solodkyy S.Y., Dr. Tech. Sci., Hunyak O.M., Markiv T.Ye., Cand. Eng. Sci. (Ph.D.)

FRACTURE TOUGHNESS OF MODIFIED HIGH STRENGTH
CONCRETE FOR PAVEMENT

Abstract. The results of the study of the effect of mineral and chemical additives on high
strength concrete for pavement are presented. Their impact on mechanical properties as well as
on power and energy fracture parameters was studied. The influence of entrained air volume in
concrete mixes on properties of hardened high strength concretes for pavement was
investigated.

Keywords: active mineral additives, high strength concrete for pavement, air entrainment,
superplasticizer, fracture toughness.
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TPEIIMUHOCTOMKOCTH MOJU®UIIUPOBAHHBLIX BUCOKOITPOYHBIX
JOPOKHBIX BETOHOB

AHHoTauus. [IpuBeneHsl pe3yiabTaThl HUCCIEAOBAHUS BIMSHUS MUHEPATbHBIX U XUMHUYECKUX
N00aBOK Ha CBOMCTBAa BBICOKONPOYHOIO JOPOKHOro OeroHa. M3yueHO uX BIMsIHHE Ha
MEeXaHMYEeCKHEe CBOMCTBA, a TAK)XKE CHJIOBBIE U SHEPreTUUYECKHe MapaMeTpbl TPEUMHOCTONKOCTH
6eroHoB. MccnenoBaHo BiusHHE 00OBbEeMa BOBJIEUEHHOIO BO3AyXa B OCTOHHYIO CMeCh Ha
CBOMCTBA 3aTBEPIEBLIETO BEICOKOIPOYHOIO JOPOKHOTO OETOHA.

KiroueBble ci10Ba: akTHBHbIE MHHEpalbHbIE JOOABKH, BBICOKOIPOYHBIN JOPOXKHBIM OETOH,
BO3YXOBOBJICYEHUE, CYNEPIIACTU(YUKATOP, TPEIIUTHOCTORKOCTb.

Beryn Introduction
B cywacHux ymOBax BHCOKOi  BapTOCTI In modern conditions of high cost of
OpPraHiYHHUX B’SKYYHX BCE OUIBII E€KOHOMIYHO organic binders the construction of
NpUBA0JIMBUM CTa€ OYAIBHHUIITBO IIEMEHTO- cement concrete pavement are becoming
OETOHHMX JOPOXKHIX MOKPUTTIB. IX OCHOBHOIO more and more economically attractive.
MepeBaro0 MOPIBHIHO 3 JOPOXKHIMHU OASTaMHU Their main advantages in comparison to
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HEKOPCTKOTO THUITy € BHCOKAa JIOBTOBIYHICTH 1
HaJilHICTh [ 1, 3].

Binowmo, 110 nporiec pyHHYBaHHS
[IEMEHTOOETOHY TiJ JI€I0 30BHIIIHIX YMHHUKIB
(HaBaHTa)KEHHS, TEeMIIepaTypHO-BOJIOTICHI
BIUIMBH, arpeCHBHE CEPEIOBHUIIEC) BiIOYBAETHCS
[UIIXOM YTBOPEHHS Ta TOMIMPEHHS B WOTO
CTpykTypi  TpimuH. ToMy  omHUM i3
HaMBaXKIUBIIINX CII0C001B 3a0e3MeYeHHs
JIOBIOBIYHOCTI JIOPOXKHIX IIEMEHTHUX OCTOHIB €
MIIBUIICHHS ~ IX  TPINIMHOCTIAKOCTI,  SIKY
JIOIUTPHO OIIHIOBAaTH 32 KPUTEPISIMU MEXaHIKH
pyliHyBaHHA [2].

IlocTanoBka nmpodJjemu

Y  3B’3Ky 3  MOCTIHHUM  3pOCTaHHSIM
IHTEHCHUBHOCTI pyXy Ta HaBaHTaK€Hb Ha BICh
[3], BUHHMKae HEOOXiMHICTH 3aCTOCOBYBATH Y
MOKPUTTI Marepial 3 BUIIUMH MEXaHIYHUMH
XapaKTepUCTUKAMU — BHCOKOMIIIHUN OETOH
(HSC- high strength concrete). Hocsrtu kiacy
C32/40 i Bume, 3a0e3MEYMBIIN ITiIBUIICHY
noBropiunict  (O6impme 50  pokiB) Ta
PEKOMEHIOBAHMM /ISl JOPOXKHIX OCTOHIB BMICT
00’eMy BTSATHYTOTO MOBITPs 4-6% [4], MOXKIUBO
32 BUKOPUCTAHHS paIllOHAIBHOTO  J1000pYy
AKTUBHUX MiHEpallbHUX 00aBOK Ta
e(eKTUBHUX CyNepIiacTU(IKaTopiB 1 100aBOK
MOBITPOBTATYBAIbHOT ii. IIpore 3
MIJBUIICHHSIM  MIIHOCTI Ta  VIIUIbHEHHSIM
CTPYKTYpU Takux OETOHIB 3pOCTa€e KpPUXKHI
XapakTep X pyHHyBaHHS.

Pesynpratu HoTnepeHiX JOCITIKEHb
1 ITBEPIUITH e(hEeKTUBHICTh CYMICHOTO
BUKOPUCTaHHSA MiHEpaJbHUX J00aBOK IEOMIITY
Ta BamHsIKy B OeroHax [5], a moeqHAHHS
MiHEpabHUX Ta XIMIYHUX 00aBOK
1acTU(iKyroue-noBITPOBTATYBAIbHOL hitil
3a0e3mneuye MO3UTUBHUM BIUIMB Ha CTIHKICTH J0
MOTMEPEMIHHOTO  3aMOPOXYBAaHHSI-BiITaBaHHS,
3HWKEHHS ~ ycaZoyHux Jjedop Mamid Ta
MIJBUIICHY  BOJOHEMPOHUKHICTH  [6]. Sk
CBiIUaTh pe3ylbTaTH JOCHIKEeHb [7], Ouibld
IHTEHCUBHHIM MPUPICT TPIIIMHOCTIMKOCTI
JOCSITAETHCS HIJIIXOM 3HUKEHHS
BOJIOIIEMEHTHOTO ~ BIJHOIIEHHS 32 PaxyHOK
BBEJICHHA cynepriactugikropa. B poboTi
Cononkoro Ta iH. [8] moka3aHo, 110 TTapaMeTpH
TPIIMHOCTIMKOCTI BHCOKOMIITHUX OETOHIB 3
OpraHo-MiHEpaTbLHUMH nobaBkaMu i
HABaHTAXEHHSM 3pOCTAalOTh MPHONMU3HO HA 15-
18% mOpIBHSIHO 3 BUCOKOMIIIHUMHU OETOHAMH
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non-rigid pavement type are high
durability and reliability [1, 3].

It is well known that the destruction of
cement concrete under the influence of
external factors (stress, temperature and
humidity influences, aggressive
environment)  occurs  through  the
formation and spreading of cracks in its
structure. Therefore, one of the most
important ways to provide the durability
of pavement cement concrete is
increasing their fracture toughness, which
is reasonable to evaluate using the
criteria of fracture mechanics [2].

Formulation of the problem

Due to the constant increase in traffic and
load on the car axle [3], it is necessary to
apply the coating material with higher
mechanical  characteristics —  high
strength concrete (HSC). Achieving
C32/40 strength class and above,
providing increased durability (more than
50 years) and recommended content of
entrained air 4.6% for road concrete [4]
are possible by using rational choice of
active mineral additives and an effective
superplasticizers as well as air entraining
agent. However, with increased strength
and structure consolidation of such
concrete the fragile nature of their
fracture increases as well.

The results of previous research
confirmed the effectiveness of joint
incorporation of mineral additives such
as zeolite and limestone in concrete [5],
and the combination of mineral and
chemical additives of plasticizing and air
entraining action provides a positive
effect on the resistance to alternating
freezing and thawing, reducing shrinkage
and increasing water impermeability [6].
According to research results [7], more
intense fracture toughness growth is
achieved by reducing the water-cement
ratio with superplasticizer incorporation.
Solodkyy et al. [8] shown, that the
fracture parameters of concrete with high
amount of organic-mineral additives
increases under load by approximately
15-18% in comparison with high strength
concrete without additives.
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6e3 100aBoK.

Tomy MeTOK IOCTIKEHb € BUBUCHHS CHJIOBUX
Ta EHEPreTUYHUX MMOKA3HUKIB TPIIIMHOCTIMKOCTI
MOAM(IKOBAaHUX  BHUCOKOMIIIHMX  JIOPOXKHIX
O€TOHIB 3 PI3HUM BMICTOM 00’€MY BTSTHYTOTO
MOBITPAI.

CupoBuHHI MaTepiajan i MeTOaH T0CTIIKEHb

Iix 4Jac MIPOBEACHHS JIOCJIJDKEHD
BHKOPHCTOBYBAJIN Taki Marepianu:
noprinanaiement [ [-500-H 3 BMictom
TpUKaibllieBoro  amominary 6,8  wmac.%;

reonitoBuil Ty COKHUPHUIIBKOTO POJOBHINA 3
BUCOKMM  BMICTOM  KJIMHONTWIOMTY  (60-
80 mac.%); BamHsIK MUKOJIaiBCBKOTO POJIOBHUIIA
(JIpBiBCBKA 0011.). XimiuHi CKJIaJIn
BUKOPHCTaHUX MaTepianiB HaBeAeHi B Ta0I. 1.

Ta6muusa 1 — XimiuHiI CKJIagu TOPTIAHJIE-
MEHTY, LICOJIITY Ta BaITHAKY

Bwmict oxcunis, mac.%
Okeman | Toprnarn Heomit | Bamasx
~-IIEMCHT

Sio, 22,04 75,34 1,95
Al, 04 4,85 8,77 0,51
Fe,0; 3,99 1,30 0,36
Ca0 65,10 4,6 54,63
MgO 1,44 0,55 0,52
S0; 0,49 0,05 0,52
P39 49 039 | 41,44

Jlns 3a0e3neueHHs] HeOOXiTHUX PEOTOTIIHIX
BJIACTMBOCTEHN CyMillll Ta OETOHY 3aCTOCOBYBAJIN
cyneprutactugikatop Ha OCHOBI
noikapookcunaris (p=1,05 r/em’, C=20%) Ta
TOBITpOBTAryBanbHy K06aBKy (p=1,015 r/em’,
C=4,4%) - po3unH BIHCOJIBHUX CMOIL.

Sk 3amoBHIOBadl BUKOPHCTAHO MicOK 3 M;,=1,8
Ta TpaHiTHUH mebine ¢pakmii 5-20 mm. Burpara
ux Matepianis Ha 1 M° 6eToHHOT cymimmi y Beix
3alpOEKTOBAHUX CKJIaJax OETOHHUX CyMileit
cramoBmiia 660 xr ta 1150 xr BIiAMOBIAHO.
Po3pobinieni ckiamy cymimiei TpeacTaBieHl B
Tabn. 2. BmicT B’sKydoro B OCTOHHIM cymimri
0e3 TOBITPOBTATYBaJIbHOI J100aBKH CTaHOBUB
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Therefore the aim of this research is the
study of power and energy characteristics
of fracture of modified high strength
concrete for pavements with different
amount of entrained air.

Raw materials and research methods
The following materials were used in the
study: Portland cement PC 1-500-N
containing 6.8 wt.% of tricalcium
aluminate; zeolitic tuff derives from
Sokyrnytsya deposits with a high content
of clinoptilolite (60-80 wt.%); Limestone
from Mykolaiv deposits (Lviv region).
The chemical composition of the
materials is shown in Table 1.

Table 1 - Chemical composition of
Portland cement, limestone and zeolite

Oxides content, wt.%

. Portla
Oxides .
nd Zeolite Limesto
cemen ne

t
Sio, 22,04 | 75,34 1,95

Al,0, 485 | 877 0,51

Fe,0, | 359 | 1,30 0,36

CaO 65,10 4,6 54,63

MgO 1,44 0,55 0,52
S04 0,49 0,05 0,52
Insoluble

2,49 9,39 41,44

residue

To provide the necessary rheological
properties of mixes and hardened
concretes  superplasticizer based on
polycarboxylates (p = 1,05 glem®, C =
20%) and air entraining agent (p = 1,015
glem®, C = 4,4%) - solution of vinsol
resins were used.

Sand with fineness modulus of 1.8,
granite gravel (fractions of 5-20 mm)
were used as aggregates. Content of
materials per 1 m*® of concrete mix in all
developed concrete mixes was 660 kg and
1150 kg respectively. The composition of
mixes presented in Table 2. The content
of binder in concrete mix without air
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3
400 xr/m”.

Jlnst  3MEHIICHHST ~ HETaTHBHOTO  BIUIMBY
MiBUIIICHOTO BMicTy (Outbmie 7%) BTATHYTOTO

MOBITPSI,  BBOJAWIM  JIOJATKOBY  KUIBKICTh
cyneprutactudikaropa (1,64 mac.%).
Tadomuua 2 — Bwmicrt xiMiuHMX 100aBOK Ta

BIacTuBOCTI OeToHHMX cymimeit (B/1[=0,35;
MapKa 3a JICTKOBKJIaIaJIbHICTIO P1)

cEE E :
S o 5 o S ~
VYMoBHE 23 | 83| ~ o X
= g = - g~
IMO3HAYCHHS E = 8 8 x| L2 = &
OeTOHHOT S 8 %LS S| &= =
cymiri = E{ S i o E S
q:) .E -g .E Lo
ge|E £ | °
MCnl | 1,22 - 4| 28
*TIKCrl
1,22 1 4 4
Hl ) O! 13
*TILKCnl
1,22 0,15 3 6,5
I12
*TILKCnl
1,22 0,2 3 7,0
H3 1 1 7
+TIKC2
1,64 2 4 7,2
H4 !6 01 5 '

* - 340 kr/M° noptiaaHaneMenty, 40 KT/MS LEOJIITY,
20 kr/m° BamHAKyY

[TpurotyBanHs, 30epiraHHs Ta BHUIPOOYBaHHS
3pa3KiB TMPOBOAMJIA BIAMOBIIHO 10 JIIOYUX
crangapTiB [9, 10]. XapakTepuCTUKU TPILIMHO-
CTIMKOCTI BM3HAYaJIUCh TpPU 3PIBHOBAKEHUX
MEXaHIYHUX BUIPOOYBaHHIX  3pa3KiB-TPU3M
100x100x400 MM 3  ITY4YHO  CTBOPEHOIO
TpimuHo0 BignosimHo 1o Bumor JICTY b
B.2.7-227:2009  (puc. 1). B  mpomueci
BUNIPOOYBaHb 3amHMCyBaJd IOBHY Jiarpamy
cTaHy O€TOHY B KOOpJIMHATaX HaBaHTa)KEHHS-
nporud F-V, Ha mijcTaBi K01 po3paxoByBaJIUCh
EHEepreTuYHl Ta  CWJIOBI  XapaKTEPUCTUKH
TPIIMHOCTINKOCTI.
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entraining agent was 400 kg/m?®.

To reduce the negative effects of higher
content (over 7%) of entrained air an
additional amount of superplasticizer was
added (1.64 wt.%).

Table 2 - Content of chemical additives
and properties of concrete (W/C = 0.35;
consistency class of S1)

= = =
gl esg s
[ L C ©
83| 28 | =~| &
Mix |Sg| 22 5| E
. .. | BO| £ | Eo
identificati | s €| € € | 2| &
o c @ = [
on o © = S ]
S5| §5 | » 2
8 z3 E
2| =2 S
PCSpL | 122 | - 2.8
*
CCfplA 122 | 01 | 4| 43
*
chplA 122 | 015 | 3| 65
*
ch‘plA 1,22 | 02 | 3] 70
*
chpZA 164 | 025 | 4| 72

* - 340 kg/m® of Portland cement, 40 kg/m®
of zeolite, 20 kg/m® of limestone

Preparation, storage and testing of
samples was carried out in accordance
with  current standards [9, 10].
Characteristics of fracture toughness

were defined during the balanced
mechanical tests of prism samples
100x100x400 mm with artificially

created notch in accordance with DSTU
B V.2.7-227:2009 (Figure 1). During the
tests the full state diagram of concrete in
the coordinates load - deflection F-V was
recorded, the energy and power
characteristics of the fracture were
calculated based on it.
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A
MovaTkoBwiA Hagpi3 - *1 B
iHiLiaTop TPILLMHN A-A

f
£h A L]
L 41 LO //[/ *ﬁ
7 1
L
Pucynok 1 — Cxema  3pIBHOBOXECHHX

BUIIPOOYBaHb

Pe3yiabTaTn BUNIpoOyBaHb

OtpumaHni pe3ynbTaTd JOCHIKEHb CBITYaTh
(puc. 2), mo OETOH 3 OpraHo-MiHEpaJIbHUMHU
no0aBKaMM Ha OCHOBI O€TOHHOI cyMimi 3
BMICTOM  BTSTHYTOTO noBitps ~ 4,3%
XapaKTePU3YIOThCS JIEIIO HIKYOK MIIIHICTIO
npotsirom 28 1i0 TBepAHEHHS, MPOTE 3 YacoM
MIIHICTh BHPIBHIOEThCA, a yepe3 90 mi0 HaBiTh
nepesumrye  minaicte  Oetony  [IHCml.
30u1blIeHHST 00’€My BTSATHYTOTO TIOBITPS B
oetonHnx cymimax go 6,5; 7,0; 7,2%
MPU3BOAUTH JO 3HIKCHHS PAaHHBOI MIITHOCTI
(uepe3 3 mobu TBepmHeHHs) Ha 8,6; 27; 38,1%
BIJIMOBIAHO Ta MiIHOCTI yepe3 28 nid Ha 14,3;
22,7; 32,7% BIOIOBIIHO.

H 3 goba

7 noba m28 npoba W90 noba
n

PucyHnok 2 — MinHicTh Ha CTHCK OETOHIB

3a pe3ynpTaTaMu BUIIPOOYBaHb 3pa3KiB-TIPU3M 3
HIIIMOBAHOI TPINMHOK TOOYA0BaHO TIOBHI
JiarpaMu CTaHy BHCOKOMIIIHUX OeTOHIB (puc.
3).
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A

MoyaTkoBMI HAdpI3 - *1 R
iHiLiaTOp TPILLMHK A-A

A T [
\//

L 41 Lo

L

Figure 1 — Diagram of balanced test
Test results

The obtained results show (Fig. 2), that
concrete with organic and mineral
additive, based on concrete mix with
4,3% of entrained air was characterized
by somewhat lower strength for 28 days,
but over time the strength was leveled
and after 90 days it even exceeded
strength of concrete PCSpl. The increase
in volume of entrained air in concrete
mixes to 6.5; 7.0; 7.2% results in
reduction of the early strength (after 3
days curing) for 8.6; 27 and 38.1%
respectively, and strength after 28 days -
14.3; 22.7; 32.7% respectively.

M 3 days 7 days m28 days M 90 days

1S}

00

Y
o
~

PCSpl CCSp1A1 CCSp1A2 CCSp1A3 CCSp2A

Figure 2 — Compressive strength of
concretes

The full state diagrams of high strength
concrete were built based on the results
of tests of prism samples with initiated
crack (Fig. 3).
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Pucynok 3 — [TIloBHi pgiarpamMu  CTaHy

BHCOKOMIITHUX JIOPOXKHIX OCTOHIB

AHami3 giarpam TMokasye, IO MaKCHUMaJbHE
HaBaHTaxeHHd (5310 H), 3a skxoro mnoumHae
MOIIMPIOBATUCH MAKPOTPILIMHA XapaKTepHe NI
6erony IIHKCnlIl2. Kondirypamis npiarpamu
CTaHy LbOTO CKIAAy 3arajoM € HalKpaiiow
cepen nmocmipkyBanux. [lns  OGetony  0e3
MiHepanbHuX Jo6aBok IILCnl xapakTtepHe
HeBHucOke, mnpubauzHo piHe [IHKCno2I14
3HaueHHs HaBaHTaxeHHS (4710 H), 3a skoro
BIIOYBA€ThCSA 3JaM  JlarpaMH, aje TOBHIIIA
nopiBHsHO 3 [TIIKCn2I14 xondirypamuist criagHoi
BITKH JlarpaMu.

Po3paxoBani CHJIOBI Ta €HepreTUyH1
XapaKTePUCTUKU  TPIIIMHOCTIMKOCTI ~ BHCOKO-
MIIHUX OETOHIB MpejacTaBieHi y Tabm. 3.

3a 3HAYCHHSAMU IUTOMHUX EHEProBUTpaT Ha
cTaTUyHEe Je(OpMYyBaHHS IO MOMEHTY MOYaTKy
pyxy MaricTpaibHOT TPILIUHU Gi,
€HeproBUTpaTaMM Ha JIOKaJlbHE CTaTH4YHE
nedopMyBaHHS B 30HI MaricTpalbHOI TPIIIUHU
W, nuToMuMu e(peKTUBHUMHU €HEProOBUTPATAMU
Ha cTatuyHe pyHHyBaHHA Gp Ta B’A3KICTIO
pyiinyBaHHs Ki nepeBakaroTh MOKAa3HUKHU IS
I[MIKCnlIl2. Ile moB’s3aHo i3 ONTHMAJIbHUM

BMICTOM  Ta  PIBHOMIPHUM  DPO3MOALIOM
ApiOHOAMCIIEpCHUX  Oy/IbOamoK  BTATHYTOTO
MOBITPsI, SIKI  BUCTYHalOTh  jAemndepamu

Hanpy>KeHb, 110 CIPHIE TAIbMyBaHHIO MPOLIECIB
MIKPOTPIIIIUHOYTBO-PEHHSI Ha JOKPUTHYHIA Ta
CMOBUIBHIOE PYX MaricTpajpHOi TpIIIMHU B
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6000
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Figure 3 — Complete state diagrams of
high-strength concrete

An analysis of diagrams shows that the
concrete CCSplA2 characterises by
maximum load (5310 N) at which
macrocrack begins to spread. The
configuration of state diagrams of this
concrete is the best among studied ones.
Concrete  without mineral additives
PCSpl is characterised by low,
approximately equal to CCSp2A4 value
of load (4710 N), for which there is a plot
peak, but more complete in comparison
to CCSp2A4 configuration of the
descending branch of diagram.

The calculated power and energy
characteristics of fracture toughness of
high strength concrete presented in Table
3.

Values for CCSplA2 specific energy
consumption for static deformation at the
beginning of the movement of the
effective crack G;, power consumption on
the local static deformation in effective
crack zone W,, effective specific energy
consumption on the static fracture Gg and
fracture toughness K; was the best. It is
due to the optimal content and uniform
distribution of fine bubbles of entrained
air, which acts as stress dampers,
contributing to slowing down the process
of microcrack formation in subcritical
stage and slows movement of effective
crack in the postpeak stage. The results



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

3aKpUTUYHIN cTafisx. Pesymbratu mocimikeHb
nmoka3zamu, 1o Ocronum IILKCnlIIl Ta
[MIKCnlII3 xapakTepu3yloThCsl BiAMOBIIHO HA
29 Tta 37% BummMmu nokasHukamMu Gi HIDK
[MIICnl. Couig Big3HAayuTH, 10 OCTOH 3
MIJBUIIICHUM BMICTOM cymnepIiuiactudikaropa
(1,64 mac.%) Ta TMOBITPOBTATYBAIBHOI JOOABKH
(0,25 wmac.%) IIHKCn2l14 xapaktepusyerbcs
HAHIKYMMU TTapaMeTpaMu TPIITHHOCTIMKOCTI.

Tabmuua 3 — CwioBi Ta eHepreTHYHi
XapPaKTEPUCTUKNA BUCOKOMIITHUX OETOHIB
VYMOBHE .:N\E ‘g . L:N\E ;3‘2
NO3HAYEHHA | () R o OR |XSE
6eToHy N | =z N S
[LICul 163,83 | 241,88 | 535,58 | 0,81
MMLKCulIll | 224,45 | 261,15 | 625,82 | 0,83
MMIOKCulll2 | 247,44 | 295,37 | 657,37 | 0,99
MMIOKCulII3 | 194,59 | 227,42 | 538,44 | 0,88
I[MIKCn2I14 | 147,30 | 229,15 | 500,76 | 0,80

3HaueHHs MILIHOCTI HAa pO3TAr MpU 3TUHI 1
MOJyJsl TPYKHOCTI TpU 3THHI JTOCTIIKEHUX
BHCOKOMIITHUX O€TOHIB KOPEIIOITh 3 ix
MOKa3HUKaMH  TPIIMHOCTIMKOCTI (Tabm. 4),
BOJHOYAC 3HAYCHHS MIIIHOCTI 3MIHIOETBCS ¥

By)K4oMy  jiama3zoHi  (6%) HiDK  MoIyis
npyxHocTi (39%).
Tabmmuss 4 — MexaHiuHl XapaKTEPUCTUKHU
BHUCOKOMIITHMX OETOHIB
E =
s = (ST .
T & < = «sm = o
Ywome | SEIB 5T RS2
NO3HAYCHHS |-= =< | & %_Eﬁ x| £ E =
6eTony géizégm §~%§
S B
(=
[Cul 10,1 9,8 209
MUKCnlTTl | 10,6 13,0 170
MUKCAlI2 | 11,2 16,6 206
IIKCmolI13 | 11,1 11,6 174
[LKCn2[14 | 10,0 8,8 218
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of research showed that the concretes
CCSplAl and CCSplA3 characterize by
29 and 37% respectively higher values of
G; than PCSpl. It should be noted that
the concrete CCSp2A4 with high content
of superplasticizer (1.64 wt.%) and air
entraining  agent  (0.25wt.%) s
characterized by the lowest fracture
parameters.

Table 3 - Force and power characteristics
of high strength concrete

iden":#i)c(:atio (_'r):N’\E N% E (5LN§ QHE
n C 2 - %
PCSpL 16§>,8 24;,8 53:,5 Oi8
CCSplAL 2254,4 26;,1 6225,8 oés
CCSp1A2 241,4 29%%,3 6577,3 oég
CCSp1A3 19;1,5 2227,4 53513,4 oés
CCSp2A4 145,3 225?,1 50g,7 068

The value of tensile strength in bending
and flexural modulus of elasticity of
high-strength concretes correlates with its
fracture parameters (Table 4). At the
same time, the value of tensile strength
varies in smaller range (6%) than in
bending modulus of elasticity (39%).

Table 4 - Mechanical properties of high
strength concrete

=288 | <
. ‘E’»E_ 22, | & =
Mix S 2|2 wo| 4
. L Ly || B
identificat | % - | =5 X | >o
. D © =5 2| 2 X
ion =S| 52uW S S
22|35 S
E8 L% L
PCSpl 10,1 9,8 209

CCSplAl | 106 | 13,0 | 170
CCSplA2 | 11,2 | 16,6 | 206
CCSplA3 | 11,1 | 11,6 | 174
CCSp2A4 | 100 | 88 | 218
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BucnoBku

Amnaini3 (Pi3UKO-MEXaHIYHUX XapaKTEPUCTHK Ta
MOKAa3HUKIB  TPIIIMHOCTIMKOCTI  JIOCHIPKEHUX
MOIU(]IKOBAaHMX  BHCOKOMIITHUX  JOPOXKHIX
OCTOHIB J1a€ 3MOTYy 3POOUTH TaKi BACHOBKH:

1. MoaudikyBaHHs MIKpPOCTPYKTYpH
BHCOKOMIITHUX JIOPOXKHIX OETOHIB KOMIIJIEKCOM
3 MiHEpaJbHUX J00aBOK (IIEOJIIT 1 BAmHSIK) Ta
100aBKOIO TOBITPOBTATYBAJIBHOI Jii MOKpaIIye
MOKAa3HUKM MIIHOCTi, CHJIOBI Ta EHEPreTHYHi
XapPaKTEPUCTUKU TPIIIMHOCTIMKOCTI.

2. MakcuManpHOK  MIIHICTIO HA  CTHCK
XapaKTepU3YIOThCS  PO3pOOIEHI BHCOKOMIIHI
O6eroHn, MonM(iKOBaHI OpraHo-MiHEpaIbHUMHU
no0aBKaMM, Ha OCHOBI cywimed 3 00’eMoM
BTATHYTOTO NOBITPs 4,3%.

3. HaiBumii MOKa3HUKH  TPIIMHOCTIMKOCTI
npuTaMaHHi OeToHaM i3 00’€MOM BTATHYTOTO
MoBITpss B jAiama3oHi 4-7%, IO KOpEIe 3
PEKOMEHIOBAaHUM 00’€MOM BTSTHYTOTO IMOBITPS
JUTsl 3a0€31eYeHHs JIOBFOBIYHOCTI 32 KpUTEPiEM
MOPO30CTIHKOCTI.

Omxe, onepkaHi pe3yibTaTH CBigYaTh, IO
MaKCHMaJIbHi 3HAUYCHHS MMOKA3HUKIB MIIIHOCTI Ta

TPIIMHOCTIMKOCTI  BHUCOKOMIIIHHX  JIOPOXKHIX
OeTOoHIB 3a0e3MeuyroThCsl 3a PI3HUX 00’€MiB
BTATHYTOT'O HOBITPSI. Tomy BUSIBJICHI

3aKOHOMIPHOCTI PEKOMEH]IYEThCS BpPaXxOBYBaTH
IpU TPOEKTYBAHHSA CKJIQAIB BUCOKOMIIIHUX
OETOHIB 3 MOBITPOBTATYBAJIbHUMU J100aBKaMHU.
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Conclusions

Analysis of physical and mechanical
properties and fracture parameters of
studied modified high strength concretes
for pavement enables to do the following
conclusions:
1. Modification of the microstructure of
high strength concrete for pavement by
complex of mineral additives (zeolite and
limestone) and additive of air entraining
action improves the strength, power and
energy characteristics of fracture.
2. High strength concrete modified by
organic and mineral additives, based on
mixes with entrained air volume of 4.3%
characterizes by the highest compressive
strength.
3. The highest fracture toughness
characteristics inherent to concrete with
volume of entrained air in the range of 4-
7%. It correlates with the recommended
volume of entrained air needed to ensure
the durability of concretes exposed to
freezing and thawing cycles.
Therefore, the obtained results indicate
that maximum values of strength and
fracture toughness of high strength
concrete for pavements are provided at
different volumes of entrained air. Thus,
revealed peculiarities are recommended
to take into account when designing high
strength concretes with air entraining
agent.
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YK 666:691.32
Cononenko LII., xaH/. TeXH. HayK

BIIJIMB HA AKICTDH JKOPCTKOI'O JOPOKHbOI'O ITIOKPUTTA
JOBABOK I HAITOBHIOBAYIB

AHoTanifA. Y cTaTTi pO3MNISHYTO MUTaHHS, MIOJ0 BIUIUBY HA SKICTh IIEMEHTOOETOHHOTO MOKPUTTS
U1 aBTOMOOLIBHUX JIOpIT Horo ckiany. HaBeneHo pesynbTaTv JOCTIIKEHb MPO BIUIMB J00aBOK i
HAIMOBHIOBAYIB Ha BJIACTUBOCTI 1 CTPYKTYpPY LIEMEHTHHX KOMIO3UTiB. [loka3zaHo, 1110 BBEIEHHS 10
CKJIaJy IEMEHTOOETOHY IUTacTU(iKyouoi 1 TOBITPOYTATYBadbHOI J00aBKM  CIUIBHO 3
HAaITOBHIOBAYEM MIKPOKPEMHE3EMOM 1 MOJIPONICHOBO (Hi0Oporo BeAe 0 MOIMIICHHS MIITHOCTI 1
JOBrOBIYHOCTI IEMEHTOOETOHHUX MOKPUTTIB. 3a pe3ylibTaTaMU €KCIIEPUMEHTIB 0yJI0 BCTaHOBIICHO,
0 BBEAGHHA [0 ckjiaany OeroHHoi cymimn 1uactudikatopa DE1l (1%) coinmbHO 3
MOBITpONOrIMHAYOK J100aBkor0 PT-1 (0,05%) 30imbmiye pyxiauBiCTH OETOHHOI CyMimmi, 3a
pPaxyHOK YOr0 3HHUXKYETHCS BOJO-IIEMEHTHE BimHomeHHs (Ha 14-18%) i 103BoJIs€ TiABUINUTH
MPOAYKTHUBHICTD Tpalli Ipu YKJIaJaHHI pyxJuBoi OeToHHOI cyMimn. BBeaeHHs 1o ckimany OeToHy
HaMoBHIOBaYa MiKpoKpemHe3emy (10 15 KF/M3) 301JIbIIIY€E MIIHICTH MPU CTUCKY 1 PO3TSAT MpHU 3THHI,
3HIKYE Ha 6-8% TEXHOJIOTIUHY TOMIKO/PKCHICTh. BBEACHHS 10 CKJIaay EeMEHTOOSTOHHUX
MMOKPUTTIB MosinporniieHoBoi ¢iopu (1o 0,6 KF/M3) MIJBUIIYE MIIHICTh HAa PO3TAT mpH 3ruHi - 10-
15%, 3Hmwkye crtupanicte Ha 60%, miaBuirye ymapoctidkicte - 25% 1 3HmKye Ha 3-5%
TEXHOJIOTIYHY MOUIKO/KEHICTh. 3alpOIOHOBAHO BUKOPHUCTOBYBATH Y JOPOXKHHOMY OyAiBHHUIITBI
[IEMEHTOOCTOHHI MaTepiaid 3 pamioOHATPHUMH EKCIUTyaTaliiHUMU 1 (Pi3UKO-MeXaHIYHUMHU
BIIACTHBOCTSIMHU.

OO0'exT mOCHiPKEHHST — MPOIEC 3MIHM BIACTUBOCTEH Marepially eMEeHTOOETOHHOTO MOKPUTTS JUIS
aBTOMOOUIBHUX JIOPIT.

Meta pobotu — 3abe3neueHHsT HEOOX1THUX (I3MKO-MEXaHIYHHUX XapaKTEPUCTHK 1IEMEHTOOETOHY
U1l HOKPUTTIB aBTOMOOLIBHUX JIOPIT 38 PaXyHOK Mi100PY pallioOHaIbHOTO HOTo CKIIAaYy.

Meroan JOCHIIKEHHST — EKCIIEPUMEHTaJbHO-CTATUCTUYHI MoOJeNl (PI3UKO-MEXaHIYHUX Ta
eKCIUTyaTaI[ifHUX BIACTHBOCTEHN TOPOXKHIX MOKPUTTIB ISl aBTOMOOITEHUX JOPIT.

KuarouoBi ciaoBa: aBToMoOinbHA J0pora, BOJAOHENPOHUKHICTh, J00aBKa IMOBITPOYTATYBaJIbHA,
MOpPO30CTIHKICTh, HANOBHIOBAY, TEXHOJIOT1UHA MOIIKOIKEHICTh, IEMEHTOOETOHHE MOKPUTTSL.

UDC 666:691.32
Solonenko I.P., Cand. Eng. Sci. (Ph.D.).
RIGID ROAD SURFACE WITH THE INTRODUCTION OF ADDITIVES AND FILTERS

Annotation. In the article the question concerning the impact on the quality of the cement concrete
road coverings. Results of studies on the impact of additives and fillers on properties and structure
of cement composites. It is shown, that introduction of the composition of cement concrete
modeling and air induces additives mixed with micro silica and polypropylene fibers leads to
improved strength and durability of cement concrete pavements. Based on the results of the
experiments it was found that the introduction of the composition of concrete plasticizer DE11 (1%)
together with the air involving additive of PT-1 (0,05%) increases mobility of concrete mixture,
thereby decreasing water/cement ratio (14-18%) and improves the productivity of mobile when
laying a concrete mix. Introduction to the structure of concrete filler Silica fume (up to 15 kg/™)
increases compressive strength and flexural tensile, and reduces to 6-8% technological space.
Introduction to composition of cement concrete pavements of polypropylene fibers (up to 0.6 kg/m®)
increases the tensile strength in bending is 10-15%, reduces the abrasion at 60%, improves impact
resistance-25%, and reduces to 3-5% technology space.
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The object of study — the process of changing material properties of a cement-concrete for
highways.

Purpose — ensuring the necessary physico-mechanical characteristics of cement concrete for
pavements of roads through rational selection of its composition

Research methods — experimental and statistical models of physico-mechanical and performance
properties of pavement for highways.

Keywords: air-entraining additive, cement concrete pavement, frost resistance, filler, highway,
technological damage, water resistance.

YJIK 666:691.32
Couonenko WU.I1., kaHa. TeXH. HaAyK

BJIMSIHUE HA KAYECTBO )KECTKOI'O JJOPOKHOI'O HOKPLITUSI JOBABOK
U HATIIOJIHUTEJIEN

AHHoTanus. B cTatbe paccMOTpeH BOIIPOC, KaCAIOUINECs BIUSAHUS HA KAYECTBO IEMEHTOOETOHHOTO
HOKPBITHS JJI1 aBTOMOOWJIBHBIX JIOpOr ero cocrtaBa. [IpuBeneHbl pe3ysibTaThl HCCIEAOBAHHHA O
BJIMSTHUM TOOABOK M HATIOJIHUTENIEH HA CBOWMCTBA U CTPYKTYPY LIEMEHTHBIX KOMIO3HUTOB. [lokazaHo,
YTO BBEJIEHUE B COCTAB LIEMEHTOOETOHA IUIACTU(QHUUMPYIOLIEH M BO31yXOBOBJIEKarOIIeH A00aBKH
COBMECTHO C HAIOJHHUTEIEM MHKPOKPEMHE3eMOM U TIOJMIIPONMICHOBOH (ubpoil Bemer K
YAYYIIEHUIO TPOYHOCTH M JOJTOBEYHOCTH LEMEHTOOETOHHBIX MOKpeITUi. [lo pe3ynbraTam
HKCIEPUMEHTOB OBUIO yCTAHOBJICHO, YTO BBEJCHHE B COCTAaB OCTOHHON CMecH IuiacTuukaTopa
DE11 (1%) coBmecTHO ¢ BoO3ayxoBoBiekatomie mpobaskoit PT-1 (0,05%) yBenuuuBaer
MOJIBUKHOCTD OCTOHHOW CMECH, 3a CUET Yero CHUXKAETCS BOJOIIEMEHTHOE oTHOIIeHUe (Ha 14-18%)
U TO03BOJIET MOBBICUTH NMPOU3BOAMTENBHOCTh TpyJa NMpH YKJIaIKe MOABMXKHOM OETOHHOH cMecH.
BBenenue B coctaB 0€TOHA HAaNOJIHUTENSI MUKpPOKpeMHe3eMma (110 15 KF/M3) YBEIMYMBAET IIPOYHOCTH
OpU CXKaTMM M PacTsDKEHHE NpU M3rube, a Takke CHIDKaeT Ha 6-8% TeXHOJIOTMYECKYIO
MOBPEXICHHOCTh. BBeieHHe B COCTaB IIEMEHTOOCTOHHBIX MOKPHITHHA TOJIHIIPOMIICHOBOH (hrUOpHI
(110 0,6 kr/M°) TIOBBIIIACT IPOYHOCTh Ha pacTsbkeHue mpu usrude - 10-15%, cHuxaer uctupaeMocTb
Ha 60%, mnoBbIIaeT yaapompouyHocTb - 25% wu cHWkaer Ha 3-5% TEXHOJIOTMUYECKYHO
MOBPEXJICHHOCTb. [IpeasokeHo HCIoab30BaTh B JOPOXKHOM CTPOMTEIHCTBE LIEMEHTOOETOHHbIE
MaTepHalIbl C PAIlHOHATEHBIMHU JKCILTyaTAIIMOHHBIME U (PU3NKO-MEXaHUYECKIMH CBOWCTBAMH.
OOBeKT HccieoBaHUs — MPOLECC U3MEHEHUsI CBOIMCTB MarepHaia EMEHTOOETOHHOTO MOKPBITHS
IUIs aBTOMOOMIIBHBIX JTIOPOT.

Ilenp  paboTel - obOecredeHne HEOOXOAMMBIX  (PU3UKO-MEXAHHYECKUX  XaApPaKTEPUCTHK
IIEMEHTOOETOHA JUIsl TIOKPHITHH aBTOMOOWJIBHBIX JOPOT 3a CYET PAIMOHAIBHOTO MOa00pa ero
COCTaBa.

MeTtoabl UCCNeOBaHHS - YKCIIEPUMEHTATBHO-CTATUCTHYECKHE MOAETH (U3NKO-MEXaHUYECCKUX M
HKCIUTYaTAllMOHHBIX CBOIMCTB JOPOXKHBIX MOKPBITUH JIIsl aBTOMOOUIIBHBIX JOPOT.

KiawueBble ciaoBa: aBTOMOOWIBHAS J0pOTa, BOJOHENPOHHUIIAEMOCTb, BO3IyXOBOBJICKAIOIIAS
no6aBKa, MOPO30CTOWKOCTb, HAIOJIHUTENb, TEXHOJIOTHYECKasi TTOBPEXKAECHHOCTh, LIEMEHTOOETOHHOE
TIOKPBITHE.

IMocranoBka npodiaemMu Formulation of the problem

I'eorpadiune MOMOKEHHS HAIIOl KpaiHH CIpPHUSIE The geographical position of our country
(opMyBaHHIO TPAHCHOPTHUX KOPHIOPIB: 3axiJ — contributes to the creation of transport
Cxin, 3axim — ITiBaiy, ITiBuiu — ITiBaens. OnHicro corridors: West-East, West, North, North-
3 aKTyaJbHUX MPOOJIEM PO3BUTKY aBTOMOOUTBHHX South. One of the topical problems of road
JOPIr € TMOJIMIIEHHS eKCILTyaTaliiHO-TeXHIYHIX development is to improve the operational
XapaKTePUCTHK  JOPOXKHBOI'O  TMOKPHUTTS 1 characteristics of the road surface and
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MiJBUIICHHS HOro JOBroBivyHOCTi. [lOKpUTTS
aBTOMOOUIBHHX JIOPIT OE3MOCePEeHhO CIPHIMAE
HABaHTAXXCHHS BIiJ TPAHCHOPTHUX 3aco0iB Ta
3abe3mneuye HEeOoOX1IHI eKCIuTyaTaIliiHi
MOKa3HUKH, TakKi SK: PO3pPaxyHKOBA IIBUAKICTbH
PYXy aBTOMOOLIIB, pO3paxyHKOBE HaBAaHTAXECHHS,
MPOITyCKHAa 1 MPOI3HA CIPOMOXKHICTh, & TaKOXK
MOKa3HUKK Oe3neku pyxy. Kpim Toro, BoHH
3a0e3Meuyl0Th 3aXHCT JIOPOKHBOI OCHOBH BIJ
BIUTMBY atMochepHux dakrtopis [1, 2].

Jlis po3BUTKY €KOHOMIKM YKpaiHU B OCTaHHI
POKH TIOCTaJ0 BaXIJIMBE 3aBIaHHs 30UIbIICHHS
YaCTKH JIOPIr 3 JKOPCTKUM IIEMEHTOOCTOHHUM
MOKPUTTSAM. JIOBrOBIYHICTB 1 SKICTh TaKUX JOPIr
3YMOBIIIOETBCS SIKICTIO OETOHHOTO MOKPUTTS [3].
Tomy 3aBgaHHsS JocHiKEHHS O€TOHIB  Ha
BITYM3HSHUX B SOKYYMX Ta 3allOBHIOBaYax B
noeHaHHl 3 epexkTuBHMUMH Moaudikaropamu i
¢bi6poro i 3a6e3neueHHst HeoO0XiTHOI CTPYKTYpH
1 eKCIuTyaTalliiHMX XapaKTePUCTUK MaTepialliB
KOPCTKUX TMOKPHUTTIB € aKTyaTbHOK HAYKOBOIO
npooIeMoIo.

3a mery po0GoTu mnpuiimMasnocsi: 3a0e3neyeHHs
eKCIUTyaTaIlitHIX XapaKTEPUCTHK
LIEMEHTOOETOHY JIi TOKPHUTTIB ABTOMOOIIBHHUX
JIOPIT 32 PaxXyHOK palllOHAJILHOTO MiI00py HOro
CKJIaTy.

Buxonsun 3 wmertu, Oymu
HACTYIHI 3a1a4i:

- JOCHIAWUTH BIIIMB J00aBOK, HAIIOBHIOBAdYiB, a
TAaKOXX  mouimpomnisieHoBoi  ¢idpu Ha  Taki
MOKAa3HUKH [IEMEHTOOETOHHUX TMOKPUTTIB IS
aBTOMOOUIBHUX JOPIT, SK: MILHICTh MPU CTUCKY,
CTHPAHICTh, BOJ/IOHENIPOHUKHICTb,
MOpPO30CTIHKICTb, TPILIUHOCTIMKICTD i
TEXHOJOT1YHA MOIKO>KEHICTE;

- BHM3HAUUTH palliOHAIbHI CKJagud OeToHYy,
BUKOPHUCTOBYIOYH KOMIUIEKC €KCIEPUMEHTAIBHO-
CTaTUCTUYHHX MOJETeH;

- TPOBECTH JOCIHIIKEHHS CTPYKTYPH JOPOXKHIX
[IEMEHTOOETOHHUX TOKPHTTIB.

chopmynboBaHi

OcCHOBHA YaCTHHA

Amnanis OyIiBHUIITBA Ta eKCIUTyaTarlil
TOPOKHBOTO TOKPHUTTS 3 IIEMEHTOOETOHY B
VkpaiHi Ta IHIIMX KpaiHax CBITY IOKa3aB, IO
HaWOIIBII  MEPCIEKTUBHUM  MaTrepiajJoM IS
JIOPOXKHBOTO TMOKPUTTSI aBTOMOOUIBHUX JOpIT €
nemeHtobeToH. lle 3ymoBIeHO THM, IO Take
MOKPUTTSI Ma€ BHCOKI (Pi3UKO-MEXaHIYHI Ta
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increase its durability. Road coating directly
bears the load of vehicles and provides the
necessary performance, such as: design
speed of car traffic, design load, capacity
and driving ability, as well as indicators of
road safety. In addition, they protect the
grounds from exposure to road weather
conditions [1, 2].

For the development of Ukraine's economy
in recent years, got the important task of
increasing the share of roads with hard
concrete covering. Durability and quality of
such roads due to the quality of concrete
pavement [3].

Therefore, the task of concrete studies under
our binding materials and fillers in
combination with effective modifiers and a
fiber to provide the necessary structures and
operational characteristics materials is an
actual scientific problem.

The objective of this work: ensuring the
operational  characteristics of cement
concrete for pavements of roads through
rational selection of its composition.

On the basis of the objectives the following
objectives were formulated:

- Investigate the effects of additives, fillers,
as well as polypropylene fibers on such
indicators of cement concrete pavements as:
compressive strength, abrasion resistance,
impermeability, frost resistance, crack
resistance and technological space.

- Determine the optimal compositions of
concrete of highway using complex
experimental and statistical models;

- Conduct a study of the structure of road
concrete slabs.

The main part

Analysis of the construction and operation
of cement concrete pavement in Ukraine and
other countries has shown that the most
promising material for pavement of roads is
concrete. This is because this coating has
high physical-mechanical and performance,
but when operating in winter conditions,
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eKCIUTyaTalliixi MOKa3HUKH, ane pu
eKCIUTyaTallii B 3UMOBHMX YMOBaX, Ili ITOKa3HHUKH
MPOTATOM  4Yacy 3HUXKYIOTBCS Ta  ICTOTHO
BILIMBAIOTh Ha JOBFOBIYHICTH JOPOTH, IO BBEIC
70 JOJAaTKOBUX BUTPAT HA MIATPUMKY IOJOTHA
JIOPOTH.

Crmparodrch Ha pe3yJabTaTH PoOIT MONEPETHUKIB
Panosceknit  B.C. [4], Comomkmii C.J. [5],
JBopkin O. JI., Mimytia A.B. [6] Oymno BusiBieHO
1[0 MOKpAIIeHHsI SKOCTI Ta JIOBFOBIYHOCTI
JOPOKHBOTO  TOKPHUTTS 3  I[EMEHTOOETOHY
MOJKJIMBO 33 PaxyHOK BBEICHHS JO HOro CKiIaxy
HEOOXITHUX J00ABOK Ta HAIIOBHIOBAYIB.
[IpoBenenni pocnigu Oynu  cOpsiMOBaHI  Ha
noJiinmeHHsT (i3MKO-MEXaHIYHUX BJIACTUBOCTEH
LEMEHTOOETOHY ISl TOKPUTTIB aBTOMOOUIBHHUX
JOpIT 32 paxyHOK paIliOHAJLHOTO IMiI00py IX

CKJIaTy.
JlocimipkeHHsT  BJIACTUBOCTEH  MOIU(IKOBaHUX
LIEMEHTOOETOHHUX  TOKPUTTIB  IPOBOJIMINCH

METOJIOM aKTHBHOTO €KCIIEpPUMEHTY [7], as 4oro
OyB po3poOJieHHIi TIJIaH eKCIepUMEHTY Ta
BUOpaHi QyHKIIT BIATYKY | YAHHUKY BILTUBY.

VY 4KOCTI YNHHUKIB BIUIMBY (X) MpUAMAIUCS: X1 —
KUTBKICTh mopTiananeMenty mMapku 500 (Big 370
10 570 kr/mM®); X2 — KimBKicTh 1acTUQikaTopy
Dynamon Easy 11 (DE11) Ha ocHOB1 akpHJIOBOTO
nonimepy (Bim 0% mo 1% Big Macu UEMEHTY)
Mapel, ITamnis; X3 - KIJBKICTh
HoBITpOyTSryBanbHOT n00aBku Mapeplast PT-1
(Bim 0 mo 0,05% Bim macu nemeHty), Mapel,
Itanist; X4 — KUIBKICTh MOJMINpOIieHoBoi ¢Gidopu
MAPEFIBRE NS 12/NS 18 (MN12), (Bix 0 mo
0,6 KF/M3), Mapel, Iramis; Xs — KUIBKICTh
MikpokpemHe3emy (Bix 0 mo 15 kr/M° Bix Macu
[EMEHTy), 1-ma cepis JocHiAiB; X*5 — KUTbKICTh
3onu-BuHeceHHs (Big 0 mo 15 KT/M° BiI Macu
[IEMEHTY), 2-Ta cepisl TOCIiIiB.

B sxocti matepiany AJis BUTOTOBJICHHS O€TOHY
npuiManuce:  mopTiaHauemMeHt wmapku 500,
mebinp ¢pakmii 5-20 MM 1 MHTHI KBapIioBUH
MiCOK 3 MOJIyJIeM KPYITHOCTI 2,5.
@Di3uKo-MeXaHIYHI  XapaKTePUCTUKH  OEeTOHY
BU3HAYaJMCs 3a CTAaHJAAPTHUMHU METOJUKAMHU.
BomoHenpoHUKHICTh BH3HAYallacsi 3a METOJIOM
Mokpoi twismu [8], Ha 3paskax miamerpom 150
MM, h= 50 MM. MOpO30CTiiiKicTh BU3HAYAIACS TI0
npuckopenomy (III) merony B cosoniit Boai mpu
samopoxysaHi 10 -50 °C [9].

PiBeHb KpPUTUYHOTO KOEQIII€HTY IHTEHCHBHOCTI
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these indicators over time is reduced and has
a significant impact on the longevity of the
road enters additional costs to support the
cloth road.

Based on the results of predecessors
Radovskiy B. [4] Sweet S. [5], Dvorkin O.,
Mishutina A. [6] it was found that the
improvement of the quality and durability
road surface from of cement concrete is
possible due to the introduction of its
structure necessary additives and fillers.
Experiments were aimed at improving
physical and mechanical properties of
cement concrete for pavements of roads
through judicious selection of their
composition.Studies on propert ies of
modified cement concrete pavements have
been carried out by the method of active
experiment [7], for which the plan of an
experiment was developed and influence
factors.

The factors of influence (x) taken: Xx; -
amount of Portland cement brand 500 (from
370 to 570 kg/m®); x, - the amount of
plasticizer Dynamo Easy 11 (DE11) based
on acrylic polymer (from 0% to 1% by
weight of cement) Mapel, Italy; x3 - the
number of air Mapeplast supplements
involve PT-1 (from 0 to 0,05% by weight of
cement), Mapel, Italy; x4 - of polypropylene
fiber MAPEFIBRE NS 12/18 NS (MN12),
(0 to 0,6 kg/m®), Mapel, ltaly; xs - the
amount of silica fume (from 0 to 15 kg/m®
of the cement mass), 1-th series of
experiments; x*s - quantity of fly ash (from
0 to 15 kg/m® of cement weight) 2 series of
experiments.

As a material for the manufacture of
concrete were taken: 500 Portland cement,
gravel fractions 5-20 mm and silica sand
with a fineness modulus of 2,5.

The physico-mechanical characteristics of
concrete were determined by standard
methods. Water resistance was determined
by method of wet spots [8], the samples with
a diameter of 150 mm, thickness 50 mm.
Frost hardiness was determined to accelerate
(111) method in salt water at freezing to a -50
°C [9].

The level of the critical stress intensity
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Hanpyxens Kj. (MIlaxm*°) BusHauaBcs 3a
TPUTOYKOBOIO CXEMOIO BHUIPOOYBaHb 3pas3KiB 3
HazpizoMm 3rimHo [10]. Crupanicte BH3HauYanacs
Ha 3pa3kax Ky0iuHoi ¢opmu 3 pedbpom 7,07 cm Ha
kouti crupanns JIKI-3 [11].

Po3paxynok 1 aHai3 OTPUMAaHUX
eKCIIepUMEHTAIBHO-cTaTHCTUYHUX MozeniB (EC-
MOJICNIb)  BUKOHYBAaBCS 3  BHUKOPHCTAHHSIM
nporpamu Compex [12].

VY nochimax mpuiiManacs pyxJMBICTH OeTOHHOL
cyminrn B Mexax Bif 16 go 18 cm, mo mocsranacs
HUIIXOM TiA00py KiTbKOCTI HeoOXinHoi Boau. 3a
pe3yiabTaTaMd  TIOKa3HHMKIB  BOJIO-IIEMEHTHE
BimHomeHHs (B/L]) Oynu po3paxosani EC-momeni
BILTUBY (akTopiB ckiany Oerony Ha B/L mans 1-i
(MiKkpoKpeMHe3eM) Ta 2-ii (30JIM-BUHECEHHS) cepii
excriepuMeHTiB (1, 2):

BI 1, =0,46-0,057,-0,05; +0,01,%, ~011y, — | (1)
0,012 +0,01y’ +0,02y +0,01y, +0,02y

B/1],=0,47-0,04y,-0, 04)(12 +0,01y,%, —0,01y,%, -
~0,01y, 0,01, ~ 0,11y, ~0,01y,%, +0,01¢,, — , (2)
-0,01y,x, — 0,01y, —0,01y,x, —0,01y,x, — 0,01y, +

+0,03y2 +0,01y,y, + 0,03y, +0,02y>

Amnani3z orpumanux mozeniB (1, 2) mokasas, 110
BBeJleHHsT A00aBku DEI1 30iiblIye pyximBiCTb
0eTOHHOI cyMmilli 1 3MeHIye ii BoJONOTpedy Ha
20-25%. BukopucrtaHHd B CcKJIami OCTOHY
HAalOBHIOBaYa  MIKPOKpPEMHE3eMy  IIiJIBUIIYE
BojonoTpedy OeroHHoi cymimi Ha 2..5%.
3MEHIIUTU 1€l HeraTMBHUN BIUIMB MOXXHa 3a
paxyHOK J0JaTkoBoro BBeaeHHs nobaBku DEIL.
3actocyBanus 100aBku PT-1 (x3),

SK TIOKa3ajW JIOCTi/W, HE3HAaYHO BIUIMBAE Ha
BoAonoTpedy cymimi (menme 2%). BBegeHHs
¢i16pu  MNI12 (x4) BUMarae HE3HAYHOTO
30UIbIIEHHS  KUTbKOCTI  Bogu — (5-6%)  nms
30epekeHHsI TEXHOJIOTIYHOCTI cyMilli. BBeaeHHs
710 cKJaty O€TOHY HalOBHIOBAayYa 30JIM-BUHECEHHS
MIJBUIIYE BOJONOTpeOy OETOHHOI CcyMilll Ha
4..7%.

3a pesynabTaTaMu JAOCIIPKEHb Oynu 1moOynoBaHi
EC-moneni, mo BioOpakalOTh BIUIUB CKJIAay
[IEMEHTOOETOHHOTO TOKPUTTS Ha MIIHICTh IpH
CTUCKY Jutsi 1-01 (MiKpOKpemMHe3eM) Ta 2-0i (3071a-
BHUHECEHH) cepii pocminis (3, 4):
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factor Kic (MPaxm”®) was determined by a
three-point circuit test specimens notched in
accordance with [10]. Abrasion was
determined on samples of the cubic form
with an edge of 7,07 cm on LCI-3 [11].
Calculation and analysis of experimental
and statistical models (EU model) was run
using the Compex programs [12].

In the experiments taken mobility of
concrete mixture in the range of 16 to 18
cm, which is achieved by adjusting the
amount of water needed. Based on the
results of the indicators of water/cement
ratio (W/C) were derived EU-factors of for
the 1st (micro silica) and 2nd (fly ash) series
of experiments (1, 2):

W /C, =0,46-0,05y,0,05y7 +0,01,%, 0,11y, -
0,01y +0,01y’ +0,0252 +0,01y, +0,02y

1)

W /C, =0,47-0,04y,-0,04y +0,01y,y, — 0,01y, —
—0,01y,%, —0,01y,x, — 0,11y, —0,01y, %, +0,0Ly, %, — »
—0,01y,x, —0,01y, —0,01y,x, —0,01y,x, —0,01y, +
+0,03y2 +0,01y,y, + 0,03y, +0,02)

)

The analysis of the obtained models (1, 2)
showed that the introduction of additives
DE11 increases mobility of concrete mix
and water requirement reduces her to a 20-
25%. Use in concrete composition
microsilica increases water consumption of
concrete mix at 2...5%.

To reduce this negative impact may be due
to the additional introduction of additives
DE11. The use of additives of PT-1 (Xs), as
shown by experiments, had little impact on
water consumption of mixture (less than
2%). Introduction fibers MN12 (x4) requires
a slight increase in the number of water (5-
6%) to save the technology mix.
Introduction to the structure of concrete fly
ash filler increases the water requirement of
concrete mixture in 4-7%.

Based on the results of the research there
were built the EU model, reflecting the
influence of the composition of cement
concrete at compressive strength for the first
(microsilica) and second (fly ash) series of
experiments (3, 4):
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Socewes Mlla =52,25-4,48y —0,68y’ +1,07y,x, —
~1,19y,, —0,26%.%, —0,69%,%. +2,61y, + 0, 74y, —» (3)
—0,41y,%, —1,12y, +0,25y,%, — 0,32y, + 0,28y, +
+1,47y,—0,71y}

Jacowns MIHa =49,15+3,76y,-0,43y,x, +1,05,%, — )
-0, 44y, +4,35, —0,75%, —0,51x,%, +0,84y,x%, — !
—1,08y2 — 2,82y, —1,54y%2

Hns HaouHocti 3a Moxemsmu (3, 4) Oynum
moOyI0BaH1 JiarpaMu y BUTIISLAIL KyOy JUTsl epiol
(MiIKpOKpeMHe3eM) Ta Jpyroi (30JIM-BUHECEHHS)
cepii mociiaiB (pucyHok 1 a), 0)).

15 3V,

wil

evient, kr/md

Lewenr, kr/wd

a) 6)

a) st 1-0i (MiKpOKpeMHe3eM),
0) a1 2-01 (30J1a-BUHECEHHSI) cepii TOCIiiB

Pucynok 1 — BrumB BapifioBaHux (haKTOpiB CKIIAAy
IEMEHTOOETOHY Ha MIIHICTh TPU CTHCKY

Sx BugHO 3 pucyHkiB 1 a), 0), 30UIbLIEHHS
KUTbKOCTI opTianaiemMenTy (3 370 qo 570 KF/M3)
BEJIE JI0 MMIJIBUILIEHHS PIBHSA MILHOCTI MIPU CTUCKY
Bix 45 o 55 MIla (22%).

Haii6inpiry  MIOHICTE  MOKa3ylOTh  CKIAAH
(pucynok 1 a), B axi BBeneHi no6aska DE11 (1%)
i 15 kr/m® HanoBHIOBaua MIKpOKpEeMHe3eMy Bif 45
1o 60 MIla (33%).

BBenenns 1o ckiaay 0eTOHY HallOBHIOBAaYa 30JIU-
BUHECEHHS (10 5 KP/M3) CHUTBHO 3 J00aBKOIO
DE11 (1%) i mopraasmieMenToM 10 500 Kr/m®
30epirae MinHicTh mpu cTHCKy a0 50 Mlla
(pucynok 1 0).

AmHani3 BIIMBY (DAaKTOpiB CKJIaQy Ha MILHICTh
OeToHy Ha pO3TIAr MNpu 3TUHI T0Kas3aB, IO
30IMBIIEHHS KUIBKOCTI [EMEHTY CHUTBbHO 3
noinporniaeHoBor ¢idporo (mo 0,6 KF/M3) 1
MiKpokpemHe3eMoM (10 15 Kr/M3) IIPAaKTUYHO
MPOMOPLIHHO MIABUILYE MIIHICTh HA PO3TST MPHU
3ruHi (Bix 5 no 7 MIla).

[IpoBeaeni  gocnmigu  MOM0  yAAPOCTIMKOCTI
MaTtepialy mokasaji, 0 HaiOUIbIINIA BIUIMB Ha
BEJIMYMHY yIapHOI MIIIHOCTI 3pa3KiB BHOCHTh

270

Socewes MPa =52,25-4,48y -0,68y; +1,07y,x, -
=1,19y,%, —0,26y,x, —0,69y,%, + 2,61y, + 0,74y, %, —»
-0,41y,%x, —1,12y, +0,25y%,%, — 0,32y, +0, 28y, +
+1,47y, —0,71y?
@)
S, MPa =49,15+3,76y,-0,43y,%, +1,05%,x, —
-0, 44y, x5 +4,35y, =0, 75y, — 0,51y, %, + 0,84y, %, — '
~1,08y2 — 2,82y, 1,542
(4)
For clarity on models (3, 4) were graphed in
the form of a cube for the first (microsilica)
and second (fly ash) series of experiments
(Figure 1, a), b)).

Cement, kefu3

b)

a) For the first (microsilica)
b) For the second (fly ash)

Figure 1 - Effect of composition factors on
cement concrete strength

As can be seen from figures 1 a), b),
increase the amount of Portland cement
(from 370 to 570 kg/m®) increases the level
of compressive strength from 45 to 55 MPa
(22%). the greatest strength of the
compositions show structures (Figure 1 a),
which introduced supplements DE11 (1%)
and 15 kg/m® of silica fume from 45 to 60
MPa (33%). Introduction to composition of
concrete fly ash filler (up to 5 kg/m?), in
conjunction with the additive DE11 (1%)
and Portland cement up to 500 kg/m® saves
compressive strength up to 50 MPa (Figure
1a), b)).

Analysis of influence of factors of structure
on concrete durability on stretching at a
bend has shown that increase in amount of
cement together with a fiber (to 0,6
kg/m®and of microsilica (to 15 kg/m?)
almost in proportion increases durability on
stretching at a bend (from 5 to 7 MPa).
Experiments on impact resistance of the
material showed that the greatest influence
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KUIBKICTh BBEIEHOI mominpomnisieHoBoi (idpu
MNI12. Tak, unpu BBemenni 0,6 KF/M3,
YAapOCTiIiKiCTh OeToHy 3poctana a0 33%. Ilpu
BBEJCHHI [0 CKJIaAy OCTOHY HaloOBHIOBaYa
MiKpOKpeMHe3eMy pa3oM 3 (piOporo i MmigBUIIECHHS
KUIBKOCTI mopTiaHanemMenTy (mo 500 KF/M3)
HiABUILYETHCS yAapHa MIIHICTh OETOHIB 10
8 Jix/cm® (1a 50%).

AHaui3 CTHUPAHOCTI Marepiany, 10
JNOCTIDKYBaBCS,  IOKazaB, IO  HAHOUIbII
epeKTUBHO 1€l TOKa3HUK 3HIDKYEThCS 32

paxyHOK 3aCTOCYBaHHS JUCIIEPCHOTO apMyBaHHS
¢bi16poro. Cknaau 3 BmictoMm ¢idbpu (1o 0,6 Kr/M3)
3HWXKYIOTh CTHPaHICTh Npubam3Ho Ha 60-63%.
[Ipy miABUIIEHHI KUTBKOCTI MOPTIAHALIEMEHTY
CTUPAHICTh OETOHY 3HIXKYETbCS 32 PAXYHOK
301BIIEHHS MIIHOCTI Marepiany. BBegenns
HAaIOBHIOBAYa MIKPOKpPEMHE3EMY cpusie
HE3HAYHOMY 3MEHIIEHHIO CTUPAHOCTI, II0 MOXKHA
MOSICHUTH 3HIKEHHSAM KUTBKOCTI MIKpoae(eKTiB y
OeToHi.

Jlocniau moka3aid, MO0 HAa BOJOHCIPOHHUKHICTH
3pa3kiB 3 [EMEHTOOETOHY ICTOTHO BILTUBAE
KUTbKICTh ~ HeMeHTy Ta  nobaBku  DEIL.
3011bIIEeHHS PIBHSA BOJOHENPOHMKHOCTI 10 W10
JOCSITAETHCST TPU  BBEJEHHI B IIEMEHTOOETOH
HAMoOBHIOBaYa  MIKPOKpEMHE3eMy  pa3oM 3
no6askoro DEI1 (1%) Ta KiTbKOCTI HIEMEHTY 10
500 kr/nm°.

TpinmmHOCTIHKICTD BHU3HAJanIacs 13
3aCTOCYBAaHHSIM METOJIMKH MEXaHIKH pPYHHYBaHb
3a piBHEM KPUTHUYHOTO KOoe]illieHTy
IHTEHCUBHOCTI ~ HampyxkeHb K (MHaXMO'S).
Amnauni3 BILJIUBY CKIIamy marepiary
LIEMEHTOOETOHHOT O MOKPUTTS Ha ix
TPIMIMHOCTIMKICT, TIOKa3aB, IO BBEJACHHS JIO
CKJIa/ly HaloBHIOBaya MiKpokpemHe3eMy (1o 15
Kr/M3) 36umpmrye Ky ma 0,02-0,05 MITaxm®®.
BBenenns manmoBHroBaua 3oym-BuHECeHHS (10 10
Kr/M3) 30impmrye K. Ha 0,02-0,03 MITaxm®>. Jmst
yCiX OETOHIB, IO JOCTIKYBaJIUCs, BU3HAYAIACH
TEXHOJIOTIYHA TOMIKO/HKEHICTh 3a JIONMOMOTOIO
€JIEKTPOHHUX QoTorpadiii (pUCYHOK 2), MPOSBU
TPIIIMH 1 TOBEPXOHb PO3JALTY 3 BHKOPHUCTAHHSIM
PO3YHMHY TOHUHA.
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on the magnitude of the impact strength of
the samples introduced number of fibers
MN12. So, at introduction of 0,6 kg/m?®,
crash- worthiness of concrete increased up
to 33%. At introduction to composition of
concrete of microsilica together with a fiber
and increase in quantity of cement (to 500
kg/m®) increases the shock durability of
concrete to 8 J/cm? (by 50%).

Study on the abrasion of material, showed
that most effectively this figure is reduced
by applying dispersed reinforcing fibers.
Formulations of fiber content (up to 0.6
kg/m3)  will  reduce abrasion of
approximately 60-63%. If you increase the
amount of Portland cement concrete
abrasion is reduced by increasing the
strength of the material. Entering of a filler
of microsilica promotes insignificant
reduction of a wear ability that it is possible
to explain with decrease in amount of micro
defects in concrete.

Experiences showed that water tightness of
samples from of cement concrete
significantly is influenced by amount of
cement and DE11 additive. Increase in level
of water tightness up to W10 is reached
when entering in cement concrete of
microsilica filler together with DE11
additive (1%) and amounts of cement to 500
kg/m®.

Fracture toughness was determined by using
the methods of mechanics of destruction on
the level of the critical stress intensity factor
Kis (MPaxm®°). Material on re-coated
fracture toughness showed that introduction
to composition microsilica (15 kg/m°)
increases Kis by 0,02-0,05 MPaxm®®.
Introduction of a filler of ashes ablation (to
10 kg/m®) increases Kis by 0,02-0,03
MPaxm®°. For all concrete technological
damage shall be determined by electronic
photographs (Figure 2).
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a) 1-s1 cepist (MIKpOKpEMHE3EM);
0) 2-51 cepist 1ocmiaiB (30J1a-BUHECCHHST )

Pucynok 2 — TIpuxiag TpOSBACHUX TEXHOJIOTIYHUX
TPINTUH Ha 3pa3Kax MEMEHTOOSTOHHOTO TOKPHUTTS 3a
nonomororo mudposoro mikpockomy Sigeta Cam-04

AHali3 mokasaB, MO KOEQIMIEHT TEXHOJIOT1YHOI
IIOIIKOHKEHOCTI OeTOHIB 3MiHIOBaBcs 3 1,65 mo
1,90. CoocrepexxeHHss MOKa3ald, IO IpH
BBEJICHHI /IO CKJany OETOHY palioHaIbHOL
KUTBKOCTI HaIlOBHIOBaYa 30J1M-BUHECEHHS (110 7,5
Kr/m), KoeilieHT TEXHOJOTTYHOT
MOLIKOJDKEHOCTI  3MeHLIyeTbcs Ha 4-6% vy
MOpIBHSAHHI 31 3pa3kamMu 03 HalOBHIOBAua.
301IbIIeHHS] KITBKOCTI 1eMeHTy (1o 500 Kr/M3),
0 BBOJUTHLCS 10 OETOHHOI CyMIIIi CyMiCHO 3
palioHaIbHOO KUIBKICTIO HAMoOBHIOBaYa
MIKpOKpEMHEe3eMy, Bele 10 TOro, M0 po3Mipu
KJIACTepiB  3MEHIIYEThCS Ta  IMOKPAIIYEThCS
MOYaTKOBE CTPYKTYPOYTBOPEHHS KOMITO3UTY 3
LIEMEHTOOETOHY.

OnHUM 3  OCHOBHUX (aKTOpiB, $KI 3HAYHO
BIUIMBAIOTh Ha ¢bi13uKO-MeXaHIYHUX i
eKCIUTyaTaliiiHl ~ XapaKTEepUCTHKH  IMOKPUTTS
aBTOMOOUIBHUX JIOPIl 3  IIEMEHTOOETOHY, €
UMKIIYHUN ~ BIUIMB HA HBOTO  3HAKO3MIHHOI
TeMIiepatypu (3aMOpPOXKYBaHHS — BiITalOBaHH).
KinpkicTh piUHMX IMKIIB 3aMOPOXYBaHHS —
BIJITAIOBaHHS IOPOKHBOT'O MOKPUTTS 3aIEKHUTh BiJl
30HW HOTO po3TamryBaHHsI. ABTOMOOLTIbHA JIOPOTa,
SK TIpaBUJIO, JIyXe TMpoTshkHa cropyna. Lle
BHU3HAYa€ BIAMIHHICTP B YMOBaX eKCILTyaTarlii
JOPOKHBOTO MTOKPUTTS s ii aisistHOK [13].

bymm MIPOBE/IEH1 JIOCHI TN BILJIUBY
noBiTpoyTsryBanbHoi no6aBku PT-1 (0,05%) Ha
MOpPO30CTIMKICTh TOPOKHBOTO MOKPUTTS 3 OETOHY
[14]. Hocmimu moka3aiu, IO 3aCTOCYBaHHS ITi€i
NO00aBKH TMPU3BOJIUTH A0 30UIBIICHHS KUTBKOCTI
MOBITPS y OeTOHHIH cymimn Ha 2,5% 1 CTAaHOBUTH
5% Bim 00’emy 3paska. llpu  mpomy
3a0e3MeuyeThCs PO3MO/IiT PIBHOMIPHUX 3aMKHYTHX
Mop y Matepiaii, SKuii CKiaB 34 opH 3 JiaMeTpoM
30,001 10 0,05 MM Ha 1 cM® (IpHPICT 3aMKHYTHX
MOp KOHTPOJILHOTO 3pa3ka ckias 24%), pucyHok 3.
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a) For the first (microsilica)
b) For the second (fly ash)

Figure 2 - Example of the shown technological
cracks of a cement-concrete paving on samples
by means of a digital microscope of Sigeta Cam-
04

The analysis showed that Kis changed with
1,65 to 1,90. Observations showed that at
introduction to composition of concrete of
rational amount of ashes ablation (to 7,5
kg/m®), the coefficient of technological
damage decreases by 4-6%. Increase in
amount of cement (to 500 kg/m?), together
with rational amount of microsilica,
improves the concrete structure formation.

One of the main factors that significantly
influences the physical-mechanical and
operational characteristics of the coating of
cement roads, there are cyclical impact on
him alternating temperatures (freezing -
thawing). Number of summer cycles of
freezing - thawing of pavement depends on
the location of the zone. The road is usually
a very long construction. It is defines
distinction under operating conditions [13].

Experiments air-entraining additives PT-1
(0,05%) for frost resistance of concrete.
Experiences showed that use of this additive
leads to increase in amount of air in concrete
mix for 2,5% and makes 5% of sample
volume [14]. At the same time uniform
distribution of closed pores in material
which made 34 times with a diameter from
0,001 to 0,05 mm on 1 cm? (the gain of
closed pores of a control sample made 24%),
Figure 3.
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a) KOHTPOJIBbHUH CKJIa;
0) 3 no6askoro PT-1 (0,05%)

Pucynok 3 - JlochmimkeHHs

MTOPHUCTOCTI
LEMEHTOOETOHA JJIsl TJOPOIKHBOTO MOKPUTTS

BumnpoOyBaHHs Ha MIIHICTE NPH CTUCKY IiCISA

BUIIPOOYBaHHS HAa MOPO3OCTIMKICTh  3pa3KiB
MOKa3aJid, MI0 TMpH TiABUIICHHI KUIBKOCTI
MOPTIAHIEMEHTY (mo 570 KF/M3)

CIIOCTEpITaeThCsl 30LIBIIEHHS MILHICTh 3pa3Ka
Matepiny Oinpine 60 MIla. BBenenns no ckimamy
no6asok DE 11 (1%) i PT-1 (mo 0,05%), crineHO
3 HANOBHIOBaYeM  MIKPOKpEMHE3eMy  IpH
CepenHii KiMbKOCTI 1ieMeHTy (1o 470 KI‘/MS) BEJE
10 3abe3neueHHs MilHoCTI 6eTony a0 55 MIla.

Bu3HaueHHsT 3HONIYBaHHS BEPXHBOTO IMIApy
MOJIOTHA ABTOMOOITBHUX nopir 3
[IEMEHTOOCTOHHUM  TMOKPHUTTSIM  BeAe [0

3MEHIIEHHS €()eKTUBHOI TOBIIMHU 1 pyHHYBaHHS
MOKpUTTA. ToMy Oyno HEOOXiTHO MPOBEACHHS
JOCHIJUKEHHsT ~ TpOLecy  CTHUPaHHS  3pa3KiB
MTOKPUTTHA, icHst BUIIPOOYBAHHS Ha
Mopo3socTiiikictb (Gr). [IpoBeaeHi BUNpoOyBaHHS
MoKa3alid, [0  BBEIEHHS  HANOBHIOBaYa
MiKpoKpemHe3emy (10 15 KF/M3)

cniapHO 3 (hibporo (10 0,6 KF/Ms) 3HIKYIOTH Gf 10
0,3 r/em? (6impie 50%). BBemenust 1o ckinamy
OeTOHY HAaNoOBHIOBaua 30JIM-BUHECeHHS (10 15
Kkr/m) 3HMKYE CTHpaHICTh 3pa3KiB
IIEMEHTOOSTOHHOTO MOKPUTTS Ha 8-10%.

BucHoBku

[IpoBeneHH1 MOCHITKEHHS JO3BOJIWIH 3pOOUTH
HACTYITHI BUCHOBKH:

1. IligBumieHHs MIITHOCTI TpU CTUCKY (22%),
MOXK€ JOCATHYTO 3a PaXyHOK paIliOHaJILHOTO
Mia00py KUIBKOCTI  TMOPTIAHAIIEMEHTY J00aBKa
DE11 Ta nanoBHIOBa4a MiKpOKpEMHE3EMY.

2. IlimBuimeHHsT MIITHOCTI OETOHY Ha PO3TAT TIPH
sruHi (20%) Moxke OyTH JOCATHYTO 3a PaxyHOK
parioHaIBLHOTO niaoopy KUTBKOCTI1
MOPTJIAHALEMEHTY CYMICHO 3 THOJIMPOIiJICHOBOO
¢i6poro  (mo 0,6 KF/M3) 1 HAaNOBHIOBaYeM
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b)
a) The composition of the control;
b) With the addition of PT-1 (0.05%)

Figure 3 — Research of porosity of a cement
concrete for a paving

Frost resistance test samples showed that if
you increase the amount of Portland cement
(up to 570 kg/m®), there has been an
increase in the strength of the sample more
than 60 MPa. Introduction to composition
supplements (11%), DE 1 and PT-1 (up to
0,05%), mixed with Silica fume when
average number cement (up to 470 kg/m°)
leads to ensure durability of concrete up to
55 MPa.

Determination of depreciation of the upper
coat layer of the highway leads to reduction
of effective thickness and destruction of a
covering. Therefore carrying out a research
of process of attrition of samples of a
covering, after testing for frost resistance
(Gf) was necessary. The tests showed that
entering of microsilica (to 15 kg/m®)
together with a fiber (to 0,6 kg/m®) is
reduced Gt to 0,3 g/lcm? (more than 50%).
Introduction in composition of concrete of
ashes ablation (to 15 kg/m® reduces
abrasion coating cement concrete samples 8-
10%.

Conclusions

Research has led to the
conclusions:

1. Increase compressive strength (22%), can
achieved by the rational selection of the
quantity of cement, additives DE11 and
fillers of microsilica.

2. Increasing the tensile strength of the
concrete in bending (20%) can be achieved
through rational selection of the quantity of
Portland cement in conjunction with
polypropylene fiber (up to 0,6 kg/m®) and

following
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Mikpokpemuesemom (10 15 kr/m®).
3. TlokpamieHHss yZapoCTIMKOCTI  maTepiany
JIOPOKHBOTO MOKPUTTSI MOKE OYTH JTOCATHYTO 3a
paxyHOK pallioHaJIbHOTO TiA00py  KIIBKOCTI
NOPTJIAHALEMEHTY, TojinpomnijeHoBoi ¢Gidpu Ta
MikpokpemHe3eMy. Tak, npu BBeaeHHi 0,6 Kr/m®
noJiinpornineHoBoi (hidpu, yaapocTiikicTe OeTony
3poctanma 10 33%. Ilpu BBemeHHI 10 CKiIamy
0EeTOHY HANOBHIOBaYa MIKPOKPEMHE3EMY Pa3oM 3
¢di6poro 1 IT1IBUILICHHS KUIBKOCTI
noptiaanaueMenty (mo 500 KI‘/MS) T ABUIIYEThCS
yaapHa MilHIicTh 6eToHiB Ha 50%.
4. AmHami3z pe3ynbTariB  JIOCIIKCHb, II0JI0
CTHPAHOCTI MaTepiaiy, MOKa3aB IO MiJBUIICHHS
CTIMKOCTI JIO CTHUpPAHHS Marepially JOPOXKHBOTO
MOKPUTTA MOXKE OYTH JOCSATHYTO 3a paXyHOK
parioHaJIEHOTO nigbopy KUTBKOCTI
MOPTIAHEMEHTY, JTUCIHEPCHOTO  apMyBaHHS
¢i0poro Ta BBEACHHS y CKJIaJ MIKPOKPEMHE3EMY.
Tax mpu BBeseHHI y ckiaa marepiany ¢idpu (10
0,6 kr/mM°) 3HIKy0OTH crupanicte Ha 60-63%.
BBenenHs — HamoBHIOBaua — MIKPOKPEMHE3EMY
CIpHUs€ HE3HAYHOMY 3MEHIIICHHIO CTHPAHOCTI, 10
MOKHAa  TOSICHUTH  3HIDKEHHSM  KIJIBKOCTI
MiKpoJedeKTiB y OeToHi.
5. [IlimBuieHHS BOJOHENPOHUKHOCTI 3pa3KiB
Marepiaiay JTOpOXHBOTO TOKPUTTS MOXe OyTH
JOCSTHYTO 3a PaxyHOK palliOHaJIbHOrO Mifgdopy
KUIBKOCTI ~ 1mieMeHToOeToHy Ta mo0aBku DE11
(W10).
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microsilica (up to 15 kg/m®).

3. Improving the impact resistance of the
material of pavement can be achieved
through rational selection of the quantity of
Portland cement, fiber and microsilica. So,
at introduction of 0,6 kg/m® of a fiber, crash-
worthiness of concrete increased up to 33%.
With the introduction of a composition
microsilica concrete together with fiber and
increase the amount of Portland cement (up
to 500 kg/m®) increases impact strength
concretes at 50%.

4. Analysis of the results of studies on the
abrasion of material showed that increased
resistance to abrasion material of pavement
can be achieved through rational selection of
the quantity of Portland cement, fiber and
microsilica. So when introduced into the
composition of the material fibers (up to 0.6
kg/m®) will reduce abrasion on 60-63%.
Introduction of a filling agent of microsilica
promotes insignificant reduction of abrasion
material that can be attributed to a decrease
in the number of micro-defects in the
concrete.

5. Improving water resistance of samples of
material of pavement can be achieved
through rational selection of the quantity of
cement concrete additives and DE11 (W10).

References
1. Lefthander R. Longitudinal stability of a
cement-concrete  covering/G.  Levsh, M.
Ignat//Scientific and technical collection.
Release 1 - Kiev: 2003. - With 99-102.
2. Sheynin A. Reason for durability. High-
strength  frost-resistant concrete for road
construction / A. Sheining, S. Ekkel
/[Construction equipment and technologies. To. -
2004. - No. 1. - Page 62 - 65.
3. Nemchinov Y.. Tendetsiy and the directions
of implementation of concrete of new generation
in Ukraine. / Y. Nemchinov, P. Podpruga, L.
Sheynich, B. Girshtel//Issue 72. - M.: 2009. -
With 3-7.
4. Radovsky B. Construction of roads with
cement-concrete coverings in the USA: new
tendencies / Radovsky B. - St. Petersburg.: "The
portly equipment” No. 10, 2010. - With 62 - 70.
5. Sweet S. Change of crack resistance of road
concrete in an operational stage / Page. I.
Sladky, Tolmachev S.// OGASA. - 2014. No.
55. - Odessa: Page 230-235.
6. Dvorkin L. Hydrotechnical and road concrete



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

7. Anmnep O.II. IlmanupoBaHWe 3KCIIEPUMEHTA IIPH
moucke onTuMaabHbIX yciosuit / FO. I1. Annep, E. B.
Mapxosa, 0. B. I'panoBckuil. 2-e nzn. — M.: Hayka,
1976. - 280 c.

8. ICTY b B.2.7-170:2008. Meroau BH3HAYEHHS
CepeIHbOi TYCTHHH, BOJOTOCTi, BOJONOTJIMHAHHS,
MOPUCTOCTI 1 BOJOHCNPOHUKHOCTI. UWHHUH Bif
01.07.2009. — K: dep-us Ykpainu, 2009. — 37 c.

9. JICTY b B.2.7-49-96. bByniBenbHi Marepiaim.

betonu. [Mpuckopeni METOIH BU3HAYCHHSI
MOPO30CTIHKOCTI npu Oaratopa3zoBoMy
3aMOpOXyBaHHI Ta BiAgTaBaHHI. — YWHHHHA Bifg

01.09.1996. — K: [ep-us Ykpainu, 1996. — 10 c.

10. JACTY b B.2.7-227:2009. Beronn. Meroau
BH3HAYEHHS XapaKTEPUCTUKH TPINTMHOCTIHKOCTI TpH
CTaTUYHOMY HaBaHTaXeHHi. — UnHHNHK Bix 22.12.2009
— K: Jep-usa Ykpainy, 2009. —28 c.

11. ACTY b B.2.7-212:2009.byniBensHi MaTepiamm.
Beronn. Meronu BU3HaYeHHS] CTHPAHHOCTI. — UnMHHMHT
Bix 01.09.2010. — K: [ep-us Ykpainu, 2010. -8 c.

12. Bosnecenckuii B.A. UucneHHble METOIBI peIIEHUs
CTPOUTENHHO-TEXHOJIOTHYECKHX 3a1ad Ha DBM /B.A.
Bosnecenckuii, T.B. Jlsmenko, B.JI. Orapkos // - M.:
Bricmas mkona, 1989. - 327 c.

13. Heitaua A. M. lleMeHTOOETOH U TOPOKHBIX U
a’pOAPOMHBIX NOKpbITUH. — M.: Tpancnopt, 1991,—
151 c.

14. MumytuH AB. Hcrnpaemocts u
MOPO30CTOMKOCTB JUIsS aBTOJOPOT M3 IIEMEHTOOETOHA
/ A.B. Mumytun, W.II. Comonenko // BicHuk
OJIABA. Bum.Ne58. — Oneca, 2015. — C. 236-245.

Penenszentn:

/ L. Dvorkin, A. Dvorkin, V. Dorofeyev, A.
Mishutina; Education guidance. - Odessa.:
Evens, 2012. - 214 pages.

7. Adler Y. Planning of an experiment by search
of optimum conditions / Y. Adler, E. Markova,
Y. Granovsky. The second prod. - M.: Science,
1976. - 280 pages.

8. DSTU B V.2.7-170: 2008. Methods of
determination of average density, humidity,
water absorption, porosity and water tightness.
Acting of 01.07.2009. - K: Ukraine, 2009. - 37
pages.

9. GOST B.2.7-49-96. Construction materials.
Concrete. The accelerated methods of
determination of frost resistance in case of
repeated freezing and thawing. - Introductions
01.09.1996. - K: Ukraine, 1996. - 10 pages.

10. GOST V.2.7-227: 2009. Concrete. Methods
of determination of the characteristic of crack
resistance

11. DSTU B B.2.7-212:2009. Building
materials. Concrete. Methods for determining
abrasion. - Effective as of 01.09.2010. - K: State
Committee of Ukraine, 2010. - 8 sec.

12. Voznesensky V. A. Numerical methods for
solving construction and technological problems
on a computer/ V. A. Voznesensky, T. V.
Liashengko, B. L. Ogarkov//-M.: The higher
school, 1989. - 327 pages.

13. Sheining A. Tsementobeton for road and
airfield coverings. - M.: Transport, 1991,-151
pages.

14. Mishutin A. Istirayemost and frost resistance
for highways from tsementobeton / A. Mishutin,
I. Solonenko // Messenger of OGASA.
Bum.Ne58. - Odessa, 2015. - Page 236-245.

Mimytin A.B., n1-p Texs. Hayk, Ofecbka aepkaBHa akajaeMisi OyIiBHULTBA 1 apXiTEKTypH.
I'amensik LIL., o-p TexH. Hayk, HamionanbHuid TpaHCTIOPTHUE YHIBEPCHUTET.

Reviewers:

Mishutin A.V., Dr. Tech. Sci., Odessa State Academy of Construction and Architecture.
Gameliak I.P., Dr. Tech. Sci., National Transport University.

275

Crarrs Hagivinma o penakmii: 05.10.2016 p.



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

YK 625.7
Yruenko E.b., 1-p TexH. Hayk

AHAJIN3 1 ONEHKA TEXHUYECKUX XAPAKTEPUCTHUK
I'EOMH®OPMALNMOHHbLIX CUCTEM I1PU PEHHEHUHU I'EOAE3UYECKHUX 3AJIAY

AnHoTamusi. B cratbe paccMOTpeH aHanu3 W OICHKA TEXHUYECKHUX XapaKTePUCTHUK
reonH()OPMAIMOHHBIX CHCTEM MPH PEHICHHH TeoJe3ndeckux 3amad. [Ipm BwIOOpe Hamboiee
noaxoxsamiern [MIC s pemieHuss KOHKPETHOM 3a/ladyd  HEOOXOJIHMMO BBINTOJIHUTH OLICHKY
s deKTUBHOCTH cucTeMbl. B kauecTBe Kputepus i oneHku 3¢dexruBnoctu ['MC npemnaraercs
HCIIOIb30BaTh KPUTEPUH (PUBHKO- TEXHUYECKUX CBOMCTB CHCTeMbl. OIHON H3 Ba)KHEHIIMX
xapaktepucTuk ['MC sBnsitoTCsl CBOMCTBA, OMUCHIBAIONINE KAYECTBEHHBIE MMOKA3aTeIU CUCTEMBI, K
YHCITy KOTOPBIX OTHOCSITCSI BO3MOXHOCTh CUCTEMbI K BBIMOJIHEHUIO OMPEICICHHBIX CUCTEMHBIX U
MIPUKJIATHBIX OTEPALINiA, & TAKXKE €€ IKCILTyaTallMOHHBIE BO3MOKHOCTH.

OOBEKT ucciae0BaHuI — FeOMH(GOPMAIIMOHHBIE CUCTEMBI.

[{enb paboOThI — aHATU3 U OLIEHKA TEXHHYECKHUX XapPAKTEPUCTUK TeONH(OPMAITMOHHBIX CHCTEM.
MeToasl UcCiIeTOBAaHUS — AaHATUTHYECKHIA.

KiaroueBbie cjioBa: reonH()OpMAIMOHHBIC CUCTEMBI, OIeHKa I(P(EKTUBHOCTH, KauyeCTBEHHBIC
MOKA3aTeIH CUCTEMBI, IKCILUTyaTallHOHHBIE BO3MOXKHOCTH.

UDK 625.7
Ugnenko Ye. B., Doctor of science

THE ANALYSIS AND ESTIMATION OF TECHNICAL CHARACTERISTICS OF
GEOINFORMATION SYSTEMS AT THE DECISION OF GEODETIC PROBLEMS

Abstract. In article the analysis and an estimation of technical characteristics of geoinformation
systems is considered at the decision of geodetic problems.. When choosing the most appropriate
GIS to solve a particular problem it is advisable to carry out an assessment of the system
efficiency. As a criterion for assessing the effectiveness of GIS it is proposed to use the criterion of
the physical and technical properties of the system. One of the most important characteristics of
GIS are the properties that describe the quality of system indicators, which include the possibility
of the system to perform certain system and application operations, as well as its operational
capabilities.

The object of study — geoinformation systems.

Purpose — analysis and estimation of technical characteristics of geoinformation systems..

Research methods — analytical.

Key words: geoinformation systems, efficiency estimation, system quality indicators, operational
possibilities.

YK 625.7
Yruenko E.B., n1-p TexH. Hayk

AHAJII3 TA OITHKA TEXHIYHUX XAPAKTEPUCTHUK T'EOTH®OPMAIIHHUX
CUCTEM IIPY PINEHHI TEOJE3NYHUX 3ATAY

AHoTauig. B craTTi po3risHyTO aHali3 Ta OLIHKA TEXHIYHUX XapaKTEPUCTHK reoiH(opMariitiux

cucteM (I'IC) mpu pimenni reoae3nunux 3axad. [Ipu BuOOpi reoiHPopMaIiifHOi CHCTEMH IS
BUpIIICHHS KOHKPETHOI 3a7ayl HeoOXiJHO BUKOHATH OLIHKY €(QEeKTHBHOCTI cucTeMHu. B sKocti

276



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

kputepis ans ouiHku edektuBHocTi ['IC mpomoHyeThess BUKOPUCTOBYBATH KpuUTepid (i3uko-
TEXHIYHUX XapaKTEPUCTHK cucTeMu. [ 'omoBHOIO xapakTtepucTHkoio ['IC € sKicHI MOKa3HUKH, 10
SKUX BIJHOCHTBCS MOJJIMBICTH CHCTEMH /10 BHKOHAHHS 3arajbHUX CHCTEMHHX Ta MPHUKIATHUX

orepallii, a TaKoX ii eKCIuTyaTariiHi MOXJIMBOCTI.
OO0’ exT mociiKeHHs — reoiHpopMalliiiHi CHCTEMH.

Merta poOOTH — aHaji3 Ta OI[iIHKA TEXHIYHUX XapaKTEPUCTUK re0iHGOPMAIITHUX CUCTEM.

MeToau OOCHiIKEHHS — AaHATITUYHUN.

KurouoBi ciioBa: reoindgopMalriiiHi cucTeMu, OIliHKa €EeKTUBHOCTI, SKICHI MMOKa3HUKH CHUCTEMH,

eKCIUTyaTaIlii{Hi MOKIIHBOCTI.

ITocTanoBKa Npoo6JIeMbI

B HACTOSIIIEE BpeMs Ha PBIHKE
MH(OPMALIMOHHBIX ~ TEXHOJIOTMH  CYIIECTBYET
JIOCTaTOYHO OOJIBIIOE KOJIMYECTBO JOBOJIBHO
JOPOTOCTOSIIINX C HIMPOKUMU

(YHKITMOHATTBHBIMHA BO3MOHOCTSIMH, TAKUX KaK
ARC/INFO, INTERGRAPH 10 cpaBHHTEIBHO
NENIeBBIX, HO C Ooyiee y3KMM HaOOpoM

(GYHKIIMOHATIBHBIX oreparuii, Harpumep
WINGIS, GEOGRAPH.

IIpu BbIOOpe Hanubosee nonxonsmei ['MC nns
peleHsl KOHKPETHOM 3ajauM LenecoodpasHo
BBITIOJIHUTh OIEHKY 3(PPEKTHBHOCTH CUCTEMBI.
B kadectBe  kputepus  JUId  OLIEHKHU
s dexTuBHOCTH ic npeyaraeTcs
UCIOJIb30BaTh KPUTEPUIl (PU3MKO- TEXHUYECKUX
CBOMCTB CUCTEMBI

P P P Peo P P
Q = ango X n;BH“ x ngc X C(i)q()) X(?a3 X(QCTCT 7(])

Fﬂe QTKO 1 QI’IBI/I ! QI'IC

ONpefessoe  Takue  (U3MKO-TEXHUUECKUE
CBOMCTBAa CHCTEMBI, KaK TOYHOCTb OIPEICIICHUS
KOOpJIMHAT TOYEK OOBEKTA, MOJHOTA BOCHPUATHS U
IIPE/ICTABIICHHS HCXOJTHOM HH(pOpMAaLIUH,
IIPOU3BOUTEIILHOCTh CUCTEMBI,

chm, Q, — KpuTepuH, CIyKalue Ui OICHKH

COOTBETCTBEHHO (YHKIMOHAIBHBIX u
AKCILTYaTallMOHHBIX BO3MOXKHOCTEH CHCTEMBI,

YaCTUYHBIC KPUTCPUHU,

Q. — KpuTepHil, OLEHHMBAIOLUIMNA CTOMMOCTb
CHCTCMbI;

Pror Pusus Pucr Pegor P,y P, — TOKasarenm,
BaXHOCTH OIIEHHBAEMOTO0 CBOWCTBA CHCTEMBI.
Ouu BbeiOupatorcss B mpenenax  (0;1) wu
OINPEAETSIIOTCS  KaK OTHONICHHWE BECOMOCTH
KaX/I0TO OTJIEJIbHOTO COBOKYITHOTO CBOICTBa K
MaKCHMaJIbHOR BECOMOCTH u3 BCEX
paccMaTpUBaEMBIX CBOMCTB CUCTEMBI.

277

Problem formulation

Currently on the market of information
technology there is a fairly large amount of
geoinformation systems (GIS) from the
rather costly ones with lots of features such
as

ARC/ 1NFO, INTERGRAPH to relatively
cheap, but with a narrower set of functional
operations, i. e. WINGIS, GEOGRAPH.

When choosing the most appropriate GIS to
solve a particular problem it is advisable to
carry out an assessment of the system
efficiency. As a criterion for assessing the
effectiveness of GIS it is proposed to use the
criterion of the physical and technical
properties of the system

P Pi R R P R
Q = Qa6 X Qe x Qg x Qg x Qg xQgf (1)

where, Q0. Qrp, Qi — partial criteria for

such physical and technical properties of the
system as the accuracy of determining the
coordinates of points of the object, the
fullness of perception and representation of
the initial information, system performance;
Qso: Qg - criteria for evaluating

respectively the functional and operational
capabilities of the system;

Q. - the criterion for evaluating the cost of
the system;

papm pfip’ pspi psfo’ P psp - values of the
importance of assessed properties of the
system. They are selected in the range of
(0;1) and defined as the ratio of significance
of each individual set of properties to the
maximum significance of all the properties
of the system under consideration.

For calculations according to the criteria
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Jnst pacueros o kpurepusim Q_ ., Q... Q..

qn _q(b
77i = ’ (2)

qn +qcp
rie (,, (, — COOTBETCTBEHHO IIOPOrOBOC H
dakTHYecKOe ~ 3HAYCHUS,  XapaKTEPHU3YIOIINE

OLICHHUBACMBIC CBOMCTBA CHUCTEMEI. HpI/I 9TOM qn,

0, BBIOMPAIOTCS TAKMM 00pa3oM, 4To0bI (, = (.

Takum oOpazoM, 7, MOXKET HpPUHATH JHOOOE
3HaueHue, npuHaaexame otpesky (0; 1).

OmnpenesieHne XapaKTePUCTHK
reonH(pOPMAUMOHHBIX CHCTEM
Opnoit u3 BaxkHeWmux xapakrepuctuk ['MC
SIBJISIFOTCSA CBOICTBA, OTMCHIBAIOIINE
KAaueCTBEHHBIEC IOKA3aTeId CUCTEMbI, K UHUCIY
KOTOPBIX OTHOCSATCSI BO3MOXHOCTH CHUCTEMBI K
BBITIOJTHEHUIO OMpPENEICHHBIX CUCTEMHBIX U

NPUKIAIHBIX ~ ONEpalMi, a  Takke  ee
AKCIUTyaTal[MOHHBIE BO3MOXXHOCTH.
OcTaHOBHMCSl Ha OIIEHKE 3TUX CBOICTB Ooiee
MOIPOOHO.

Tak kak HaOOp (QYHKIMOHAIBHBIX OINEPALUH,
KOTOpBI  MpEJOCTaBiIsAeTCs  OLIEHWBaeMOMU
CHCTEMOMH, JIOCTaTOYHO 0OIBIIION, TO
1es1ecoo0pasHo BCIO COBOKYITHOCTh

¢yHkuoHanbHbIX onepanuii (CPO) pa3Outh Ha
OTHeNbHbIE  Kiaccel.  Torma  omepauuy,
BXOJISIIIME B KaXXObIM OTHCIBHBIM  KJjlacc,
00pa3yIoT MOAKJIACC JAaHHOT'O KJlacca Oneparui.
JIns  KONMYECTBEHHOM  OIIEHKM  CBOMCTBa
COOO0ynem ucnonb30BaTh OAIBHBINA KPUTEPHIA,
OTIpeIeIIEMBIN CIETYIOLIIM 00pa3oM:

G
Qo = Hﬂll " 3
i1
rae G — d4ucio MNEPCUYUCIICHHBIX KJIACCOB
(yHKIMOHAIBHBIX OIEpaIHUii;
pi — IITOoOKa3aTeE€Jb BAXHOCTHU i -I'O KJ1acca,

yhoBieTBopsitoruii - yenoputo  0<p, <1 wm

onpenenﬂeMHﬁ KaK OTHOILIEHUE BECOMOCTH | -TO
KJIaCCa Ha MAaKCHUMAJIbHYI0O BCCOMOCTb CpCIu
BCEX KJIACCOB,

77, — OIEHKa |-ro Kiacca (pyHKIHMOHATBHBIX
orepalui, onpeaessieTcs CleayIoIeM 00pa3om:

77; :iji qui ) (4)
-1
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QAPO QFIP’ QSP’ QSP

qr _qf
nm=—, (2)
qr +qf

where q,, q; - respectively the threshold and

the actual values that characterize the measured
properties of the system. In this case, q,, q;

are selected in such a manner that ¢, > q; .

Thus, 7, it may take any value within the
interval (0; I).

Defining the characteristics of
geoinformation systems

One of the most important characteristics of
GIS are the properties that describe the
quality of system indicators, which include
the possibility of the system to perform
certain system and application operations, as
well as its operational capabilities. Let us
dwell on the evaluation of these properties
in more detail.
Since the set of functional operations, which
is provided by the estimated system is large
enough, it is advisable to divide the whole
set of functional operations (SFO) into
separate classes. Then, the operations
included into each individual class form a
subclass of this class of operations.
To quantify the properties of the SFO there
will be used the scoring criterion, defined as
follows:

ch)o = ]_‘_‘[77Il_pI ' (3)

where G - the number of listed classes of
functional operations;

p. - an indicator of i class importance,
satisfying the condition O<p, <1 and

defined as the ratio of significance of i class
to the maximum significance among all
classes;

1. - evaluation of the i class of functional
operations that is defined as follows:

77; :iji qui , (4)
-1

where s' - the number of subclasses of i
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i .
rae S — YMCJI0 MOJKIAccoB | -ro Kiacca,

i . -
bj — 0aJIBLHOCTD ] -ro mojkjacca |-ro kjacca

ompesenseMast 10 OaUTbHOM YKCIOBOW MIKAle B
unrepsaie (f; 1);

1 . -
qj — BECOMOCTBb | -I'0 mojkJjiacca | -ro kjacca,

MPUHUMAIOIIAS ~ Pa3jM4YHOE  3HAYeHUEe s
KOHKPETHOW TpeaMETHOM o00yiacTu, MpHYeM

s I

>q) =1u0<q/ <1.

i1

3HaueHus fB, OmpenesnsIoTcs IO Cieayromeit
cxeMe ecnd |- Kimacc Uit MCCIEyeMOn
MPEIMETHOM OOJIACTH SIBJIIETCS HEOOXOIUMBIM,
T0 f,, UpUHUMAET
BBIIIICYKA3aHHbIN KJIacC HE ABJIAETCS
HEOOXOJUMBIM I UCCIIEAYeMOH MpeaMETHOU
obmactu, TO A ompeneneHus f, Oynem
UCXOJUTh W3 CIEIYIOIIMX NPEANOCHUIOK: €CIIU

yCIIOBHS | -0 KJlacca HE BBIIOIHAEMCS, TO 3TO
NPUBOANT K YXYALICHHIO ()YHKIIMOHHPOBAHUS

CHCTEMBI B 1ieiaoM. Toraa ﬁi OIIPEACIIACTCA KaK

sgaueHue 0. Ecmom

K02 (UIHEHT BAKHOCTH | -0 Klacca:

a;
Bi= (Jfﬁ}

JlaHHas TPENOCHUIKA CIpaBelInBa, Koraa | -i
KJIacC I MCCIENYEMOM MpeaMeTHOW 00jacTu
SBJIAETCS HEOOXOUMBIM.

He BbimonHeHwe ycioBWii  1-ro  Kiacca
OPUBOJMT K HENPUTOAHOCTH CHUCTEMBI IS
UCIIONIB30BAHUs. B HCCIIEAYEMON TPEIMETHOM
0071acTH, T.€. K YXYAUIEHHIO (PYHKIIHOHUPOBAHUSI
cucrembl Ha 100% u S, =0.

IIpuBeneH mnepedyeHb OCHOBHBIX KJIacCOB U
MOJKJIacCOB  pa3OueHus  (PyHKIHMOHAIBbHBIX
olepanuii, HCIOJIb3YyEMbIX J[UI1 BBIYMCIEHUS

oreHku Q.

Knacc 1. BBopa, Bocnpustue u 00paboTka
uH(popManuu:

[Tonkimacc 1.1: BBOJ CKaHEPHBIX U300pa’KeHUM;
[Togxnacc 1.2 MOJJIEPKKA  IIPUEMHUKA
CIyTHUKOBBIX ~ MH(OpPMAIMH  WIA  JIPYroro
ANIEKTPOHHOTO T€0E3MYECKOro Mprudopa;
[Togknmacc 1.3: BO3MOXXHOCTh MMIIOpPTa JIPYTUX
BEKTOPHBIX (JOPMATOB;

[Togknacc 1.4: moanepxka nurutansepa, Apyrux
YCTPOWCTB JIJIs1 BEKTOPU3ALIUH;
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class

bji - scoring of the j subclass i class,

defined by the point numerical scale in the
range of
8 1);

qji - the significance of j subclass i class,
receiving different values for a particular

s'
domain, in what connection » g, =1 and
=

0<gq, <I.
The values of f. are defined according to

the following scheme: if the i class for the
studied subject area is required, then p,

takes the value 0. If the above class is not
necessary for the studied subject area, then

to determine S, we will proceed from the

following assumptions: if the conditions of
the i class are not fulfilled, this leads to
deterioration in the functioning of the whole

system. Then, g is defined as the ratio of

the importance of the i1 class

Q;
B = (1_ﬁj-

This assumption is valid when the 1 class is
necessary for the tested subject domain.

Nonfulfillment of the iclass conditions
leads to the unsuitability of the system to be
used in the tested subject domain, i.e. to the
deterioration of system performance by

100% and B, =0.

A list of the main classes and subclasses of
partitioning functional operations used to

calculate the assessment Qg IS given

below:

Class 1 Input, perception and processing of
information:

Subclassl.1: input of scanner images;
Subclass 1.2: support of the receiver of
satellite information or other electronic
surveying instrument;

Subclass 1.3: the ability to import other
vector formats; Subclass 1.4: support for the
digitizer, and other devices for vectoring;
Subclass 1.5: software semi-automatic or
automatic systems of tracking lines and other
facilities;
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[Tonxnacc 1.5: [IpOrpaMMHBIE
MOJlyaBTOMAaTUYECKUEe WM  aBTOMAaTUYECKHE
CHCTEMBbI TIPOCIICKHUBAHUA JIMHUA U JAPYTHX
00BEKTOB;

[Momkmace 1.6: napyrue Buabl COOCTBEHHBIX
MIPOrPaMMHBIX CPEACTB IU(PPOBAHHUS;

Ilonknacc 1.7: pasnuyHble BUABI PACTPOBOU
00paboTKn (pupTparms, YTOHYCHHE,
BbIJICJICHUE KOHTYPOB U T.11.);

[Togknacc 1.8: penmakTHpoBaHHE BEKTOPHBIX
JTAHHBIX.

Krnacc 2 Xpanenue u 6a3a TaHHBIX:

[Tonknace 2.1: noaaep:kka BEKTOPHBIX MOAEIEH
XpaHeHus: TpadUUeCKUX OOBEKTOB (BEKTOPHBIC
MoOJIeNn BKJIOYAIOT OECCTPYKTYpPHYIO,
TOTOJIOTUYECKYIO, runeprpaduyeckyto,
peleTyaTyo MOeIn);

[Monkmace 2.2: moaaep)kka MO3auYHBIX MOJENen
xpaneHus rpapudecknx oobekTo [lonkmace 2.3:
XpaHeHHEe OOBEKTOB T10 CIIOSIM;

[lonkmacc  2.4:  BO3MOXHOCTb  XpaHEHUS
TEKCTOBBIX JIaHHBIX B COOCTBEHHOM 0a3e JaHHbBIX
1 B3auUMOCBs3H ¢ coBpeMeHHbiMu CYB/I.

Knacc 3 CranpaptHble mpoueaypbl o0paboTKu
JTAHHBIX

Ilonknmacc 3.1: reomeTpuyeckue olnepanuu
(BBIUMCIIEHHME TIUIOLIA/EH, BBIYMUCICHUE JJIMH,
aHau3 OKPECTHOCTH, OIIpE/IEJICHNE

MPUHAUICKHOCTH TOYKH WJIM JIMHUW TOJHMIOHA,
YHUYTOKEHUE TPAHUIIBI U CITUSTHUE TIOJTUTOHOB);
[Mogkmacc  3.2: omepauud  CO  CIOSIMH
(JTornyeckue U apupMETHIECKUE ONepaIin);
[lonkmace  3.3: OBEpJIEHiHbIE  Omepaluu
(mormueckue ¢ynkimu [NOT, AND, XOR, OR,
OR2, MERGE], oBepseiinbie onepamudd Haj
MOJTUTOHAMH, YJIaJ€HUE Mapa3UTHBIX MOJMTOHOB
MTOCJIE OBEPIICHHBIX OTIEPAIIHiA);

ITonxnacc 3.4: pacuer u mocTpoeHue OydepHbIX
30H (HA MHOXECTBE TOUYEK, OTHOCHTEIHHO
KPUBBIX, Ha MHOECTBE TIOJIUTOHOB,
BO3MOKHOCTh B3BEIIMBAHU);

ITonknacc 3.5: onepaunu, CBSI3aHHbBIE C TIOMCKOM
U 3ampocoM (TOMCK OOBEKTOB IO TEKCTOBHIM
JaHHBIM, TIOMCK TEKCTOBBIX  JIaHHBIX  TIO
0o0BbeKTaM);

[lopkmacc 3.6: omepauuu C  TEKCTOBBIMHU
JTaHHBIMH (CTaHAAPTHBIC oOlepanuu (Co3maaHue,
yaaneHue, MoauuKaius, YIOpsIOYUBaHHE,
bunsTpanys u T.1.), moaaepikka SQL).

Knacc 4 JlonmomHuTelbHbIE MPOLEAYPHl K
CTaHIApTHBIM:
Ilonknace 4.1:

HaJIMIUC  MAKpOA3bIKa  JJIA
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Subclassl1.6: other types of native digitizing
software;

Subclass 1.7: various
processing  (filtering,
detection, etc.);

Subclass 1.8: editing of vector data.

Class 2 Storage and database

Subclass 2.1: support of vector models of
graphics storage (vector models include
unstructured, topological, hypergraphic, and
lattice models);

Subclass 2.3: storage of objects in layers;
Subclass 2.2: support of mosaic patterns of
graphical objects storage (mosaic patterns
include the regular mosaic patterns image —
raster image of irregular mosaic - TIN and
the hierarchical mosaic);

Subclass 2.4: The ability to store text data in
the native database and relationships with
modern DBMS.

Class 3 Standard data processing procedures:
Subclass 3.1  geometrical  operations
(calculation of areas, calculation of lengths,
analysis of the neighborhood, identification
of the point or the polygon line, destroying of
the boundary and merging of polygons);
Subclass 3.2: layers operations (logical and
arithmetic operations);

Subclass 3.3: overlay operations (logic
functions [NOT, AND, XOR, OR, OR2,
MERGE], overlay polygon operations,
removing spurious polygons after overlay
operations);

Subclass 3.4: calculation and construction of
buffer zones (on a set of points with respect
to the curves on a set of polygons, the
possibility of weighting);

Subclass 3.5: operations related to search and
query (search of objects according to the text
data, search of text data according to the
objects);

Subclass 3.6: operations with text data
(standard  operations  (creation, delete,
modification, organization, filtration, etc.),
SQL support).

Class 4 Additional procedures to the standard
ones:

Subclass 4.1: presence of the macro
languageto automate the work;

Subclass 4.2: support for external high-level
languages;

Subclass 4.3: protection from unauthorized

types of raster
thinning,  edge



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

aBTOMATH3AIUU PaOOTHL;
[Togknacc 4.2: nojaepkka BHEIIHMX SI3bIKOB
BBICOKOT'O YPOBHSI;

ITonknacc 4.3: 3aIuTa oT
HECaHKLIMOHUPOBAHHOTO JIOITyCKa
(ocymecTBisieTcst napoJsem, ANEKTPOHHBIM

KJIFOUOM U JIp.);

[Tonxmace 4.4: 0TKa30yCTOMYMBOCTH (TIOICPIKKA
CJIEKEHUS 1IeIOCTHOCTH JIaHHBIX).

Knacc 5 ITons3oBarenbckuii mHTEpdEHC:
[Toaxmacc 5.1: MEHIO WJIM HACTPAUBAEMOE MEHIO;
[Toxknacc 5.2: TUKTOrpaMMBbl;

[Tonknacce 5.3: MHOTOOKOHHBIN PEXUM;

[Tonknace 5.4: IByXMOHUTOPHBIN PEXUM;
[Tonkmnace 5.5: MHOTOIIOJTb30BaTEIbCKAs
BO3MOKHOCTB TPYIIIOBO paboThI;

[lonknacc 5.6: 00paboTka NPOCTPAHCTBEHHBIX
3aIpoOCOB MO0 OTMETKaM Kypcopa MBIIIIH;
[lonknacc 5.7: oOpaboTka NPOCTPAHCTBEHHBIX
3alpoOCOB MyTEM 3a/IaHUsI KOOPIMHAT;

[logkmacce  5.8:  momumepkka  TEXHOJIOTHH
KITUEHT/CcepBep U 0OecreueHne cpesicTBa TOCTyIa
K INTERNET x KOMMyHUKAIIMOHHBIM CETSIM,;
[Tonkmace 5.9: oroOpakenue rpadukoB ¢
MOMOIIBI0 TPOrPaMMHOTO WJIM  alIapaTHOTO
yckoputeneii ( DIRECTX, 3D yckopurens).
Knacc 6 [Ipuknanabie nporeypsr:

Ilonxmace 6.1: (doTorpammeTpryuecKast
00pabOTKa CHUMKOB ;

[Monkmace 6.2: TpanchopMUpOBaHHE MPOEKIIHIA U

W3MEHEHUE CHCTEM KOOpAMHAT U  Jpyrue
KapTorpapuuecKe onepanu
[lonkmacc  6.3: cereBoil  aHanmu3  (IIOMCK

KpaT4yaillero myTH, CyMMHPOBAaHUE 3HAYCHHUU
aTpuOyTOB 1O JJIEMEHTaM CETH, pa3MelleHue
LEHTPOB M PACHPENEIIEHUE PECYpCOB B CETH,
MOUCK TPOCTPAHCTBEHHOM CMEXHOCTH, IOUCK
OmKaifiero cocesia, MOMCK IO aJipecam);
[Togkmacce 6.4: mmdpoBoe MOAECTUPOBAHUE
penbeda  (BBIUMCIIEHHE KPYTHU3HBI  CKJIOHOB,
oIpeJiesieHue IKCIO3UIIMHA CKJIOHOB,
MHTEPIOJIALMS BBICOT, OIPEEIIEHUE IPaHuUL] 30H
BUJUMOCTH/ HEBUJIMMOCTH, reHepanus
TOPU30HTAJIEN, MOJEIUPOBAHUE CETU TaJIbBETOB,
redeparusi TpoduiIed TMOMEpEeYHBIX CEUCHHI,
BBIYHCIICHHE O0BEMOB OTHOCUTEIIBHO 3aJaHHON
MJIOCKOCTH);

IMonakmacc 6.5: cummmBka (QparMeHTOB KapT WM
CHUMKOB;

Ilonknmacc  6.6: MoIenIMpPOBaHUE  NPUHATHSA
penieHnii (TMHEHHOe MOJICIIUPOBAHKE CYXKICHHMSI,
NpUMEHEHHE KJIacCU(pHUKALMU WM aHalu3a C
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access (it is carried out by apassword, an
electronic key, etc.);

Subclass 4.4: fault tolerance (support of data
integrity tracking).

Class 5 User Interface:

Subclass 5.1: menu or a personalized menu;
Subclass 5.2: icons;

Subclass 5.3: multiwindowing;

Subclass 5.4: two-monitor mode;

Subclass 5.5: multi-user possibility of group
work;

Subclass 5.6: processing of spatial queries on
the marks of the mouse cursor;

Subclass 5.7: processing of spatial queries by
specifying the coordinates;

Subclass 5.8: support for client/server
technology and means of access to the
INTERNET to communication networks;
Subclass 5.9: display of charts, using
software ~ or  hardware  accelerators
(DIRECTX, 3D accelerator, etc.).

Class 6 Application procedures:

Subclass 6.1 photogrammetric processing of
images and obtaining orthophotomaps;
Subclass 6.2: transformation of projections
and change of coordinate systems and other
cartographic operations

Subclass 6.3: network analysis (searching for
the shortest path, summation of attribute
values according to the elements of the
network, placement of centers and the
allocation of resources in a network, search
of the spatial contiguity, search of the nearest
neighbor, search at the following URL);
Subclass 6.4: digital terrain modeling
(computing of slope, determining the
exposure of slopes, heights interpolation,
definition of  the boundaries  of
visibility/invisibility Zones, contour
generation, simulation of a thalweg network,
generation  of  cross-section  profiles,
calculation of volumes with respect to a
given plane);

Subclass 6.5: cross-linking of fragments of
maps or images;

Subclass 6.6: modeling of decision making
(judgment linear modeling, application of
classification or analysis, using a decision
tree to select the optimal settings).

Class 7 Display and transmission of
information:

Subclass 7.1: scaling and zooming;
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WCTIOJIh30BAHUEM JIepeBa PEIICHUN IS BHIOOpPA
ONTUMAJILHBIX TTAPAMETPOB).

Kmace 7  OroOpaxenwe U
nHbopmanmu:

[Moaxmacc 7.1: macutabupoBaHue;
[Toxxmace 7.2: TpexmepHas rpaduka;
[Monmknace 7.3: TpexMepHas rpaduka B peabHOM
BpPEMEHU,

[Monknace 7.4: sxcropT GpopMaToB (BEKTOPHBIX H
pPacTpOBBIX);

nepegaya

Ilogkmace  7.5:  noomepkka  IUIOTTEPOB,
HOJICPKKA IPUHTEPOB.

BriBoabI
OKCIUTyaTallMOHHbIE ~ BO3MOYKHOCTH  CHCTEMBbI

BKJIIOYAlOT B Ce0s Takue ImapaMeTpbl, KakK
MpoCTOoTa OCBOCHHMA M BBOJAa B OJ3KCILTyaTallUIO
CHUCTCMBbI, a TAKXKC y,[[O6CTBO HCHOCpGI[CTBCHHOﬁ

paboThI c CHCTEMO. Hust OIICHKH
HKCIUTYyaTallMOHHBIX ~ BO3MOXKHOCTEH  MOXKHO
HCII0JIb30BATh OayuIbHBIN KpUTEPHH,

aHaJIOTMYHBIN BBeleHHOMY I1pH oLieHke CPO.
Vcxonst M3 BBEIACHHBIX KPUTEPUEB UISL OLCHKH
OT/AEbHBIX CBOMCTB MHCTPYMEHTAJIBHO-
nporpamMmubix  cpeacts  (UIIC),  moxHO
onpeneauts 1 3pdexruBHocTs ['MC B 1e1oM Ha
OCHOBAaHHWH paHee IPHUBEICHHOTO KPHUTEPHUS TIO0
dopmyne (1) Ui KOHKPETHOM IpeaMeTHOMH
obuactu.
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Penenszentn:

Subclass 7.2: a three-dimensional perspective
graphics;

Subclass 7.3: a three-dimensional perspective
graphics in real-time;

Subclass 7.4: export of formats (vector and
raster ones);

Subclass 7.5: support for plotters and
printers.

Conclusions

The operational features of the system
include such parameters as ease of
development and putting into operation of the
system, as well as the convenience of direct
work with the system. To assess the
operational capabilities, one can use the point
rating criterion similar to the one introduced
when assessing SFD.

Based on the introduction of criteria for the
assessment of individual properties of
programming tools (PT), one can determine
the efficiency of GIS mapping software as a
whole on the basis of the previously
mentioned criteria according to the formula
(1) for a particular subject domain.
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YK 656.13
®omenko I'.P., kana..texd.Hayk, [Horamena H.C.
TOPOKHbO-TPAHCHIOPTHI IPUT'OJIU TA IX MIPUYNHU

AHoOTaNis. Y cTaTTi pO3MITHYTO MUTAHHSA SKi CTOCYIOTBCS MTPOOJIeM OB’ SI3aHMX 13 PIBHEM aBapiiHOCTI,
SK Ha aBTOMOOUIBHHX JOporax, TaK 1 BYJWYHO-IAOPOXHINH Mepexi MicT. OmHi€r0 13 BaKIUBUX
COIIAJTbHO-€KOHOMIYHHUX MPOOJIeM IS YCiX KpaiH CBITY € HACIIIKH JTOPOKHBO-TPAHCTIOPTHHUX MPHUTOI.
B yMoBax IHTEHCHBHOTO 3pOCTaHHS PIBHS aBTOMOOLTIZAIil 30UTBIIYETHCS IHTEHCUBHICTH PYXY
TPAHCIIOPTHUX 3aC00iB, NP MPAKTUYHO HE3MIHHIM TMPOMYCKHIA 3MaTHOCTI BYJUYHO-TOPOKHIX MEPEXK,
mo cnpusie 3poctanHio JTII. B craTTi mpoBeaeHO CTATUCTUYHHUM aHali3 JOPOKHbO-TPAHCIIOPTHUX
MIPUTOJI, PO3TJISIHYTI NPUYMHM Ta iX Hachiaku. Ha oCHOBI mpoBeaeHOro aHalli3y pO3IJISHYTI 3aX0U 10
MOKPAIEHHIO YMOB PyXY Ta MiBUILECHHS OC3MEKU PyXYy.

OO6’€eKT MOCHIKEHHS — T0POKHbO-TPAHCTIOPTHI MPUTO/IH.

Meta poO0TH — TPOBEIEHHS aHAJI3Y 1OPOKHbO-TPAHCIOPTHHUX MPUTO].

Metoau A0CITiIKEHHS — aHATI THKO-CTATUCTUYHUH.

KirodoBi ciioBa: JAOpOXKHBO-TPAHCHOPTHI MPHUTOAHM, aBTOMOOUIBHHI TPAHCHOPT, BYJIWYHO-TOPOXKHS
Meperka, BOJIiH, MIoxif, Oe3neka pyxy.

VK 656.13
Fomenko G., Cand. Eng. Sci. (Ph.D.), Potasheva N.
TRAFFIC ACCIDENTS AND THEIR CAUSES

Abstract. The issues concerning the problems associated with the level of accident risk both on the
roads and urban road network are considered in the given article. One of the most important social and
economic problems for all countries of the world is the consequences of traffic accidents. Under the
conditions of intensive growth of car ownership the traffic intensity increases with almost constant
throughput of the road network, which contributes to traffic accidents. Statistical analysis of traffic
accidents is carried out, and the causes and their consequences are discussed. Based on the analysis
performed there were considered the measures to improve the traffic flow conditions as well as increase
the road-traffic safety.

Obiject of study - traffic accidents.

Purpose - analysis of traffic accidents.

Methods - analytical and statistical.

Key words: traffic accidents, road transport, road network, driver, pedestrian, traffic safety.

YK 656.13
®omenko I'.P., kann..texn.Hayk, [loramesa H.C.
JAOPOKHO-TPAHCITIOPTHBIE MPOULIECTBHUSA U UX TPUYUHBI

AHHoTamms. B cratee paccMaTpuBarOTCS BOIPOCHI Kacaromiuecss MpoOJieM CBS3aHHBIX C YPOBHEM
aBapUIHOCTH, KaK Ha aBTOMOOMJIbHBIX JOpOrax, Tak U Ha YJIUYHO-IAOPOKHOU ceTh. OJTHOM U3 BayKHBIX
COLIMAJbHO-?PKOHOMUYECKUX MpoOJeM s BCEX CTpPaH MHUpPA SBISIOTCA MOCIEACTBUSA JOPOKHO-
TPAHCIOPTHBIX MPOMCIIECTBUM. B yCIOBHSX HWHTEHCHMBHOIO pOCTa YPOBHS aBTOMOOMIM3AIMU
YBEJIMYMBAETCS HMHTEHCUBHOCTH JABW)KEHHUSI TPAHCIOPTHBIX CPEACTB INPH MPAKTHUYECKU HEU3MEHHOMU
MPOMYCKHOW CHOCOOHOCTH YJIMYHO-JOPOKHOM CETH, YTO CIOCOOCTBYET YBEIMYEHHIO KOJMYECTBa
ATII. B cratbe NOPOBEAEH CTATHUCTHYECKHI aHAIW3 JOPOKHO-TPAHCIOPTHBIX MPOUCIIECTBUM,
pacCMOTpEHbl NPUYMHBI M MX IHocieacTBusi. Ha OCHOBE NpPOBENEHHOro aHajaM3a pPacCMOTPEHBI
MEPONPHUATHS 1O YITYUIICHHUIO YCIOBUI TBUKEHUS M MOBBIIICHHUS 0€30M1aCHOCTH JABIKEHHS.

OOBEKT Hccne0BaHus — TOPOKHO-TPAHCIIOPTHBIE MTPOUCIIIECTBHUSI.
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Iesnp paboTHI — MpOBEIEHUE aHATIN3a JOPOKHO-TPAHCIIOPTHBIX POUCIIECTBHUH.

MCTOI[LI HUCCIICAOBAHUA — AHAJIUTUKO-CTAaTUCTUYCCKUM.

KuroueBble cj10Ba: 10pOXKHO-TPAHCIIOPTHBIE MNPOMUCILECTBUS, aBTOMOOMIBHBIN TPAHCIOPT, YIHYHO-
JIOPO’KHAs CeTh, BOJAUTEIb, TIEIIEX0/], 0€30MaCHOCTb TBUKCHHUS.

Beryn

[Tpobnema 3abe3neueHHst O€3MEKH JTOPOKHBOTO
PyXy HEBII'EMHO TOB’s3aHa 13  aHAII30M
JOPOKHBO-TPAHCTIOPTHUX TPUTOJ. B ocTaHHIiA
4ac  JOPOKHbO-TPAHCHOPTHI ~ MPUTOOM  HA
aBTOMOOUTBHOMY TPaHCIIOPTI 3aiiMalOTh IepIle
MiCII€ O KIIBKOCTI MOTEPHiIMX Ta 3aruOiuX B
MOPIBHSIHHI 3 IHIIMMH BHJIaMU TPAHCIIOPTY. Tomy
BUPIIICHHS 3aJa4 MiJBUIICHHS OE3MeKu pyXy Ha
aBTOMOOUTBHHX JIOpPOTax, BUSBJICHHS (PAKTOPIB,
SKI BIUIMBalOTh Ha pu3uK BuHHKHeHHs JITII
HEOOXiTHO  pO3MNIAJaTH K  NPIOPUTETHI.
BaxnuBoro  3amavero  aHamizy  JAOPOXKHBO-
TPAHCIIOPTHUX TPHUTOJ € BHUBYCHHS NPUYUH Ta
YMOB iX BUHUKHEHHS JUII PO3POOKH BiAMOBITHUX
3axoniB mo ix ycyHeHHio. Koxne i3 HTII mae
BUIAIKOBUH xapakTep [1]. Bonu BinOyBaroThes 3
0araTbOX TPUYUH, Cepell SKUX JII0Th SIK
TEXHOJIOTIYHI, TaK 1 JIOJACHKI (pakTopu. AHami3 ix
JI03BOJIUTh BUSIBUTH 3arajbHl 3aKOHOMIPHOCTI iX
BUHUKHEHHS, po3paxyBaTH oOCsIru 30UTKIB 1 3
ypaxyBaHHSM LIbOIO PO3POOUTH MPODITAKTUUHI
3aX0/IH.

BukJiax ocHOBHOTro MaTtepiany

3pocTaHHs  aBapiiHOCTI Ha  aBTOMOOUIBHUX
Joporax — Ta  BYJMYHO-IOPOXKHIA  Mepexi
00YMOBIIEHO PSIIOM ITPUYUH:

- 3pPOCTaHHAM IHTEHCUBHOCTI
aBTOMOOUIBHOTO ~ TPaHCHOPTY B
HE3MIHHOI IPOIMYCKHOI 3JaTHOCTI
TOPOXKHBOT MEPEXKI;

- CKJIQJHUM  CIOJYYEHHSM  TE€OMETPHYHHX
€JIEMEHTIB TpacH Yy IUIaHi 1 MO3A0BXKHbOMY
npodini;

- HeJIOCTaTHIM BiACTaHI BUIAMUMOCTI MPOI3HOI
YaCTHUHU 1 3yCTPIYHUX TPAHCHOPTHUX 3ac00iB Ha
KPUBHX Y IUIaH1 1 MO3JJ0BXHBOMY Mpodii;

- CTaH TOKPUTTS MPOI3HOI YacTHUHH, poboTa
TEXHIYHHMX 3ac00iB opraHizallii JOpOKHbOTO PyXy
Ta 1HKEHEPHOTO OOJaJHaHHS aBTOMOOUTBHUX
JOPIr 1 MiCbKHX BYJIHIIb;

- HHM3BKHH pIBEHb YTPUMaHHS aBTOMOOUIBHHMX
JIOPIT Ta MICBKUX BYJHIIb.

pPyXy
YMOBax

BYJIMYHO-
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Introduction

The problem of providing road traffic safety
is closely connected with the analysis of
road-traffic accidents. The recent road traffic
accidents rank first in the number of those
injured and the victims as compared to other
modes of transport. Therefore, solving the
problems of increasing road traffic safety,
identification of factors that affect the
accident risk must be considered as a
priority. An important objective of the road
accident analysis is to study the causes and
conditions of their origin to develop
appropriate corrective measures. Each of the
accidents is random in nature [1]. They
occur for many reasons, among which are
technological and human factors. Their
analysis will help to identify common
patterns of their occurrence, asses the
volume of losses and to develop preventive
measures on this basis.

Presentation of the main material

The increase of accident risk on highways
and the road network is due to several
reasons:

- increase of road-traffic intensity in
conditions of constant throughput of the
road network;

- a complex combination of geometric
elements in the road plan and the
longitudinal profile;
- lack of visibility within the roadway and
oncoming vehicles on the curves in the plan
and the longitudinal profile;

- the state of the bearing course, the work of
the technical means of traffic management
and engineering equipment of highways and
city streets;

- a low level of maintenance of highways
and city streets.
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JIOpO)XKHBO-TPAHCIIOPTHI MPHUTOJIU, YACTIMI 32 BCE
BUHUKAIOTh B MICISIX 3 BHCOKOI MIUIBHICTIO
TPAaHCIIOPTHOTO  TOTOKY  Ta  CKIAJHUMH
nopoxkHiMu ymoBamu. KoskHe, HaBiTh He3HayHe,
JATII ycknagHIOE CUTYaIilo, IO HPUBOAUTH 10
BHUHMKHEHHS 3aTOpiB Ta MpoOOK, MOPYIICHHI
rpadikiB pyxy MapmIpyTHHX TpPaHCIOPTHHUX
3aco0iB. 3HayHa 4vactuHa [[TII BimOyBaeThcs B
pe3ynbTaTi HEBIpHUX i BoAiiB abo I1HIIKX
npaniBHUKIB Tpancropty [2]. IxniMu npuunnamn
MOXYTh OyTH 1 mii (a00 Oe3MisIBHICTH) IHIIMX
0Ci10 — MIIOX0/1iB, BEJIOCUIIEAUCTIB, MACAKUPIB, a
TAaKO’XK HECHPABHICTh TPAHCIOPTHUX  3acO0iB,
HEe3aJJOBUIbHUIA CTaH JIOPIr, MOrOJHI YMOBH Ta 1H.

B  VYkpaini ocHoBHa wactuHa ycix JTII
BiOyBa€ThCS HA TEPUTOPIi MICT 1 HACEIEHUX
MYHKTIB, TPO IO CBiAYaTh CTATUCTUYHI MaHi.
YmoHo JITII MoHA pO3AUIMTH TO MICIISIX
CKOEHHSI Ha JIBl TPYIU: MiCTa Ta HACEJIEHI MyHKTH
1 mo3amiceki aBToMOOLTRHI Hoporu. [Toram 60 %
3aranpHO1 KibkocTi I TII npuxoauthes Ha MicTa
Ha 1HIIN HACEJICHI ITYHKTH.

Ha noporax VYkpainm Mmaibke KOXHI 2 TOJWHU
BMHUpA€ JIO/IMHA, B CEPEIHBOMY 3a OOy TMHYTh
14 1 orpumytots TpaBmu noHaq 100 oci6. Koxni
16 XBUIMH B KpaiHi BiJOYBa€TbCs JIOPOKHBO-
TpaHcnopTHa npuroaa. Jlume 3a munynuit 2015
pik ix crajocs maibxe 153,2 Tucsui, 3aruHyiIM
noHan 4,4 Thca4l Jr0Aed — MINIOXOdiB, BOAIIB Ta
MaCaXKUPIB. Takox 3pocTae KUTBKICTb
TpaBMOBaHMX JIIOJIEH B JJOPOKHIX aBapiix —
IOPOKY MoHax 32,3 Tucs4 yKpaiHLiB OTPUMYIOTh
TpPaBMH PI3HOTO CTYIEHS TSKKOCTI [3].

[lopiBHsiHO 3 KpaiHamu €Bponu, B YKpaiHi
HE33J0BUIbHUN cTaH Oe3neku pyxy. Bucokuii
piBEHb CMEPTHOCTI uepe3 aBapii Ta JOPOKHBO-
TPAHCHOPTHUN TPaBMaTH3M, € HACTIIKOM HU3bKOI
TPaHCHOPTHOL JTUCITUTUTIHA YYaCHHKIB
JNOPOKHBOTO pyXy. YKpaiHa BXOIOUTb N0 T'PYIH
KpaiH 3 HaWBHUIIUM PHU3UKOM JJISl MIIIOXOJIB.
AHai3 CTaTUCTMYHHMX JaHUX CBIAYUTH, L0 B
2014-2015 pokax B VYKpaiHi, a TaKoOX
XapkiBchKiii 00macTi Ta MicTi XapkiB, Oyio
3a(iKCOBAaHO HE3HAYHE 3MEHIIECHHS KIUIBKOCTI
JTII, ame ne He oO3Haudae, WO JTOPOTU CTalIU
oesneunumu. 3MiHy Kigbkocti  JITII moskHa
MPOCTEKUTH 33 TOKA3HUKAMH, SKI HaBEJeHI Y
Tabymmi 1.
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Accidents most often occur in areas with a
high density of traffic flow and complex
road conditions. Even a minor accident can
complicate the situation, leading to
congestion and traffic jams, as well as traffic
disruption of fixed-route buses. The biggest
part of road accidents is a result of wrong
actions of drivers and other transport
workers [2]. They can also be caused by
actions (or inactiveness) of other people
such as: pedestrians, cyclists, passengers, as
well as vehicle faults, poor road conditions,
weather conditions, etc.

In Ukraine, the main bulk of all road
accidents take place in cities and towns, as
evidenced by statistics. Conventionally,
accidents can be divided according to the
scene of occurrence into two groups: cities
and towns and countryside roads. Over 60%
of road accidents occur in cities and other
localities.

On the roads of Ukraine, almost every 2
hours per day there dies a person, on average
14 people are killed and over 100 people are
injured. Every 16 minutes there occurs an
accident. During the last year there occurred
almost 153.2 road accidents. More than 4.4
thousand people - pedestrians, drivers and
passengers were killed. Also, the number of
people injured in road accidents is growing -
each year more than 32,300 Ukrainians get
injuries of varying severity. [3]

Compared with Europe, in Ukraine there is a
poor state of road safety. The high mortality
rate due to road accidents and the road
traffic injuries are the result of low transport
discipline of road users. Ukraine is among a
group of countries with the highest risk for
pedestrians. Analysis of the statistics shows
that in 2014-2015 in Ukraine, as well as
Kharkiv region and Kharkiv, there was
recorded a slight decrease in the number of
accidents, but that does not mean that the
roads have become safer. The change in the
number

of accidents can be monitored according to
the indicators listed in Table 1.
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Tabauusa 1 — JIopoXHbO-TPAHCTIOPTHI MPUTOAN
3a 2014-2015 poku [4]

JTII 3 noctpaknanumu
VYeworo JATIL
. YCI)OFO 3aFI/IHyJ'IO TpaBMOBaHO

IPerion

2014 [2015 [014 [2015 [2014[2015[2014 [2015
Vipaina  [1910101153181/30681[260844833}4443(37521(32270
XapKiBChkay o140 \11155 292 [2176 [272 285 [2895 [2905
00J1acTh
Micto —lages 3546 [1056 [095 |98 |89 [1125 [1102
X apkiB

3riIHO0 OJEpP)KAHMX JIAHMUX TI0 XapKIBCHKIH
obmacTi Ta micty XapKiB CHUTYyalist 3 TOPOKHBO-
TPAHCHOPTHUMH TPUTOIAMHU € HE3aJ0BUIBHOI.
[Ipore TOpIBHIOIOYM JaHI 3arajibHOi KiTBKOCTI
JTII HeoOXiTHO BIAMITUTH OESKE IX 3HIDKCHHS.
Hacamnepen 3a mepiox 2015 poky Mae wmicie
3HIDKCHHS KUIBKOCTI TpHUI0aHUX TPAHCIOPTHUX
3ac00iB, a TAKOX 3HIKEHHSI 00’ €MIB BaHTaX0- Ta
Macaxupoooiry. JlopOoXHBO-TPAHCIIOPTHI
NpUroay 3 mnocrpaxaanuMmu 3a Bugamu [TII 3a
2014-2015 poxu mo VYkpaiHi HpeAcTaBieHI Y
Tabnuui 2.

Ha ocHOBI onepxkaHux JaHuUX HEOOXI1THO
BiAMITUTH, IO HakOinbima kimbkicts HTIT i3
MOCTPAXXKIATUMH CIIOCTEPITraeThCs: MPU 3ITKHEHHI
TPAHCIOPTHUX 3ac00iB, HAi3Al Ha MINIOXO/IB,
HAi3/ll Ha MEePeNIKOo/ly Ta BHACIIOK NEPEKUIaHHS.

AHamiz  TpencTaBleHUX — JAHUX  JIO3BOJISE
BU3HAYUTU JOPOKHbO-TPAHCIOPTHI NMPHUTOAU 32
OCHOBHHMMH TIPUYAHAMH:

— MOpYILEHHs MpaBui MaHeBpyBaHH: — 37,3 %;

— HemoTpuMaHHs auctaniii — 19,5 %;
—nepeBUIlieHHs O6e3neunoi mBuakocTi — 15,3 %);
— TOpPYHICHHS TPaBWI TIPOi3Ay MEpexpecTb —
6,6 %;

— YHIpaBJIiHHA aBTOTPAHCIOPTOM Y HETBEPE30OMY
craui — 3,4 %;

— BHI3/] HA CMYTY 3YCTpidHOTO pyxy — 2,4 %;

— MOPYIICHHS paBUII HaJlaHHS
Oe3nepentkoHoOMy Tipoizay — 2,3 %;

— TepexiJ MIIIOXOiB Y HEeBCTaHOBIECHOMY Micli
-2,1%;

—TOpYyILIEHHS npaBui oorony — 1 %.
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Table 1 - Accidents during the period of
2014-2015 [4]

Total number Road accidents with victims

Re- of road
gi-on| _accidents

2014 | 2015 |2014|2015|2014|2015|2014 2015

total killed injured

Uk-
ra- 191010 153181(3068126084/4833|44433752132270
ine
Kh-
ar-
kiv | 12140 11155 {2292 |2176| 272 | 285 | 2895 | 2905
re-gi-
on
Kh-
ar- | 3885 | 3546 [1056| 995 | 98 | 89 |1125|1102
kiv

According to the data obtained, the state of
affairs connected with road traffic accidents
in Kharkiv region and Kharkiv is not
satisfactory. But comparing the data
concerning the total number of road
accidents there is noted a slight decrease.
First of all, during 2015 there was recorded a
reduction in the number of purchased
vehicles, as well as a decrease in the
volumes of freight and passenger traffic.
Road accidents with victims according to the
accident type in Ukraine during 2014-2015
are presented in Table 2.

Based on the data obtained it should be
noted that most of the accidents with victims
involved can be observed in the following
cases: the collision of vehicles, pedestrian
accidents, obstacle accident, and tipping-
over.

Analysis of the data presented makes it
possible to determine the traffic accidents by
main causes:

— violation of maneuvering - 37.3%;

— distance failure - 19.5%;

— exceeding the safe speed - 15.3%;

— violation of crossroads passage - 6.6 %;
—drink drive - 3.4%;

— entering an oncoming lane - 2.4%;

— violation of rules providing free passage -
2.3%;

— road crossing by pedestrians in prohibited
places - 2.1%;

— violation of overtaking - 1%.
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Ta6auus 2 — CTaTUCTHYHI JaHI MOCTPAXKIATHX
3a BusoM [TII [4]

JTII 3 mocTpaxknanumMu

Bua JITII YCBOTO 3arUHYJI0 | TPaBMOBAHO

2013 | 2014 | 2013|2014 | 2013 | 2014
3itknenns | 10643 | 9028 | 1273 | 1191 | 16607 | 14246
Tepexkunanns | 2614 | 2188 | 475 | 443 | 3398 | 2920

Haizng na T3, mo

.. 756 | 747 | 104 | 96 | 978 | 995
CTOITH

Haisnia | 3516 | 3212 | 772 | 785 | 4546 | 4158
MepeHKoay

Halsxna 10596 | ggsa | 1873 | 1621 | 9928 | 8050
maroxoaa

Haisnwa 14619 | 1605 | 294 | 261 | 1453 | 1451
BCJIOCUIICANUCTA

Tamm ATIT 606 | 420 | 45 | 46 | 611 | 450
3aranoM 30681 | 26084 | 4833 | 4443 | 37521 | 32270

Koxne wuyerBepre JTII BinOyBaeThcs uepes
MIEPEBUINCHHS MBUIKOCTI, 8 KOXKHE 11’ ST — Yepe3
MOPYILIEHHS MiloxoaaMu npaBui pyxy. Came i
JIBl TIPUYMHU € BRXYMMHU 32 CBOIMH HACIIJIKaMH,
60 monag 60 % 3armbmux y HTII no30Oymnucs
JKUTTS caM€ BHACIIAOK HAI3[iB Ha IIIIIOXOIIB 1 B
pe3yNbTaTi NEPEBUILIEHHS IBUIKOCTI.

Ha xinbkicts JATII BniMBae 3MiHa MOpPU POKY Ta
CTaH JOPOXXHBOTO TMOKPUTTSA, HaWOuibma ix
KUTBKICTh 3apeeCTpOBaHa y KBITHI Ta JIMCTOMAJI.
Cratuctuka JITII mnoka3zye, mo HaiiOuibIIa
KUIBKICTh MPUTOJ] 3 TOCTPAXIAUIUMHU (DIKCYEThCS
y m’saTHUI0 Ta Heaumo (Omuszpko 40 %), 1o
moB’si3aHa 3 BUI3IOM Ha BUXIOHI JHI Ta
MTOBEPHEHHS MENIKaHI[IB MICTa.

V¥ 2015 poui nopiBHsiHO 3 2014 pokom, Bia0yn10Cch
3MEHIIIEHHS KIIBKOCTI 3arubimx ocid, 110
3HAXOIUJINCH y JIETKOBOMY aBTOMOO1TI,
MOTOLMKJIICTIB Ta 0cCi0, 10 3HAXOIHIHCh
TPUKOJICHOMY  MOTOTPAHCIOPTHOMY  3aco0i,
mimoxofiB,  morepmimmx  BHacmimok  JITIL
Bracaigok HemacHWX BHUITAJKIB, TIOB’S3aHUX 13
TparcmoptoM, y 2015 poui — 14,7 % Bin ycix
3aru0Jux 1e JITH y Birli 10 15 poki..

Jlig ToKpalleHHS YMOB pyXy Ta HiJABUIIEHHS
0e3nekn pyxy 3axoJamH, CIpSIMOBAaHHMMH Ha
3arnobiranHs aBapiii Ta 3MEHILEHHS iX HaCJiJIKiB,
€:

— YIIOCKOHAJICHHS OpraHi3allii pyxy;

— KOHTPOJIb 32 JIOTPUMAHHAM JOPOKHBOTO PYXY;
— KOHCTPYKLIs JOPOXHBOIO OJAATY Ta CTaH
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Table 2 - Statistical data of injured people
according to the accident type [4]

Accidents with victims

Type of accident

total killed injured
2013 | 2014 | 2013 | 2014 | 2013 | 2014
Collision  {10643| 9028 | 1273 | 1191 |16607|14246
Rollover 2614 | 2188 | 475 | 443 | 3398 | 2920

Collision with a

- 756 | 747 | 104 | 96 | 978 | 995
parked vehicle

Obstacle | 0191 3919 | 772 | 785 | 4546 | 4158
incident
Pedastrian
ey /10896 8884 | 1873 | 1621 | 9928 | 8050
Hitinga 11640 | 1605 | 204 | 261 | 1453 | 1451
bicyclist

Other accidents| 606 | 420 | 45 46 | 611 | 450
Overall 30681|26084| 4833 | 4443 |37521|32270

Every fourth accident is due to speeding,
and one in five is caused by violation of
traffic rules by pedestrians. These two
reasons are severe in its effects for over 60%
of those killed in traffic accidents lost their
lives just because pedestrian accidents and
as a result of speeding.

The number of accidents is affected by the
season change and the state of the road
surface; most of the accidents occur in April
and November. Accident statistics shows
that the largest number of accidents with
victims is normally recorded on Friday and
Sunday (40%), which is related to going out
of town and returning back.

In 2015, compared to 2014 there was a
decrease in the number of killed car
occupants, motorcyclists and three-wheeled
vehicle drivers, pedestrians, and victims of
road accidents. As a result of accidents
related to transport, in 2015 - 14.7% of all
victims were children under the age of 15.

To improve the traffic flow conditions and
increase traffic safety at the expense of
measures directed to avoid accidents and
reduce their impact, one must attend to the
following issues:

- improving traffic management;

- monitoring traffic compliance;

- design of the road base and the state of the
wearing course;

- improvement of transport means, personal
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MOKPUTTS;
— YIOCKOHAJICHHS TEXHIYHUX 3aco0iB
TPAHCHOPTY, 3acO0iB 1HIWBIAYAIBHOTO 3aXHCTY
Ta 3acO01B VISl 3aXUCTY MIIIOXOIB;

— BusiBIIeHHS Micub KoHueHTpaii ATII, neransue
iX BHBUYCHHS Ta pO3poOKa 3aXOJiB CIPSIMOBAHUX
Ha TIABUIIEHHS O€3MEKH TOPOKHBOTO PYXY.

BucHoBku

1. 3a pe3ymbraTamMu TPOBEICHOTO  aHAJI3Y
JOPOKHBO-TPAHCTIOPTHHUX TPUTOJ] BCTAHOBJICHO,
1o Hanoubma KinekicTs ATII 3 mocTpaxganumu
CIIOCTEPITaeThCsl NPU 3ITKHEHHI TPAHCIIOPTHHUX
3aco0iB, HAai3al Ha IINOXOMIB, HAai3gl Ha
MEPEIIKOAY Ta BHACIIOK MIEPEKHIaHHS.

2. 3anpomoHOBaHI 3axoau JUIS  ITiJIBHIICHHS
0e3MeKH pyXy Ta MOKPAIICHHS YMOB PYXY.

Jlireparypa
1. Xomsk S1.B. Opranmzanus JOpoKHOTO JBHXEHHUS /
A.B. Xowmsik. —K.: Buma mkosa, 1986. — 271c.
2. Bpy6ens FO.A. OnacHOCTH B JOPOKHOM JIBHYKEHHUH
/ 1O.A/Bpyb6ens, [|.B.Kanckuit. — M.: HoBoe 3Hanue,
2013. —244c.
3. dtpua.com Cratuctuka JATII.
4 www.sai.gov.ua/uploads/filemanager/file/dtp

2015.pdf.

Penenszentn:

protection means,
pedestrian safety;
- identifying sports of road accident
concentration and their detailed examination
and development of activities aimed at
improving road safety.

and means of insuring

Conclusions
1. According to the results of road accidents
analysis, it was revealed that the highest

number of accidents with victims is
observed when there occur vehicle
collisions, pedestrian accidents, obstacle

incidents, and as a result of tipping-over.
2. There were proposed measures to enhance
traffic safety and improve traffic conditions.
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XapueHko A.M., KaH]. TEXH. HAYK

MPOBJIEMMU 3ABE3NIEYEHHS MAMHOBUX ITPAB HA 3EMEJIbHI JLISTHKHA, BIIBEJIEHI IT1]
BYJAIBHULTBO JOPIT" 3A CTAHIAPTAMM FIDIC

AHoTamisa. Y craTTi HaBeAEHI OCHOBHI MPOOJEMH BMNPOBAKEHHA TUMOBHX ¢opMm koHTpakTiB FIDIC B
JOPOKHBOMY TOCITOAApPCTBI YKpaiHH y po3pi3i 3a0e3neueHHs MaitHOBHX IIpaB Ha 3eMeJIbHI AUISHKY, BiABEACHI
i OyAiBHHUIITBO JIOPIT, Ta 3aIIPOTIOHOBAHI MOKJIMBI IUTSIXH ¥ 3aXO0IX OO0 1X BUPIMISHHS.

OO0’exT MOCHIDKeHHS — MaiHOBI MpaBa Ha 3EMENIbHI JUISHKH, BIIBEICHI MiJ OYIIBHUITBO JOpIr 3a
crannapramu FIDIC.

Merta pobOTH — aHaJI3 TEOPETUYHUX ACTIEKTiB 3a0e3MeueHHs] MAifHOBHUX TIPaB HA 3€MeINbHI TUISTHKH, BiBeIeH]
i OyMiBHUIITBO MpH peaizamii Tumoux GopM koHTpakTiB FIDIC B 1opokHROMY TOCIONapcTBi Y KpaiHu.
MeTou TOCIiPKEHHS — aHAJII THYHUN, €KCTIEPTHUX OLIIHOK.

Karouosi cioBa: xorrpakt FIDIC, 3emensHa ninsHKa, aBTOMOOLTBHA AOPOTa, MaifHOBI TTpaBa.

UDC 625.7/.8:332.6
Kharchenko A., Cand. Eng. Sci. (Ph.D.)

PROBLEMS OF PROVIDING OF PROPERTY RIGHTS ON LAND WHICH RESERVED FOR THE
ROAD CONSTRUCTION UNDER THE FIDIC STANDARD

Abstract. In the article the basic problems of implementation of standard forms of FIDIC contracts in the road
sector Ukraine in terms of ensuring property rights on land which reserved for the construction of roads, and
proposed possible ways and measures to address them.

The object of study — property rights on land which reserved for the road construction under the fidic standard.
Purpose - analysis of the theoretical aspects of property rights on land which reserved for the construction of
the implementation of FIDIC standard forms of contracts in the Ukrainian road sector.

Research methods — analytical, expert evaluations.

Key words:. FIDIC contracts, land, roads, property rights.

YK 625.7/.8:332.6
Xapuenko A.H., KaHJ. TEXH. HAyK

HNPOBJIEMbBI OGECITEYEHUA UMY ECTBEHHBIX ITPAB HA 3EMEJIBHBIE YYACTKMU,
OTBEJAEHHBIE 11O CTPOUTEJBCTBO AOPOI 1O CTAHAAPTAM FIDIC

AHHoTanus. B cratbe mpuBeneHbl OCHOBHbIE NpoOieMbl BHeIpeHUs TUHOBBIX (opMm koHTpakToB FIDIC B
JIOPOYKHOM XO3SiCTBE YKpawWHBI B pa3pe3e 0OecliedeHHs MMYIIECTBEHHBIX IPaB Ha 3€MENIbHbIE YYacCTKH,
OTBEICHHBIE 1101 CTPOUTEILCTBO JOPOT, M MPEJIOKEHBI BO3MOYKHBIE ITyTH M CLIOCOOBI X PEILICHHS.

OOBEKT ucclieIoBaHMs - UMYIIECTBEHHBIC TpaBa Ha 3€MEJbHbBIE YYaCTKU, OTBEJCHHBIE MO CTPOHTENHCTBO
nopor no craagaptam FIDIC.

Lenb paboTHI - aHAIN3 TEOPETHUECKUX aCIIEKTOB 00ECIIeYCHUs] MMYIIIECTBEHHBIX MTPaB Ha 3¢MEJIbHbBIC YUACTKH,
OTBEICHHBIE IO CTPOUTENBCTBO MpPH peain3auud THUHOBBIX ¢opM koHTpakToB FIDIC B mopoxHOi#l oTpaciu
YKpauHsl.

MerToabl uccIeI0BaHUs - aHATUTUUECKUH, SKCIIEPTHBIX OLICHOK.

Kirouesbie ciioBa: xontpakTsl FIDIC, 3eMenbHBIH yyacTOK, aBTOMOOMIBHAS JOPOTa, UMYLICCTBEHHBIE MTPaBa.
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IlocTanoBka nmpodJjemu

IaTerpamis YkpaiHu y MDKHapOJHY CHUIBHOTY
BHUMAarae MpUHHATTS Ta aanTalii 10 BITYU3HIHUX
YyMOB  MDKHapOJHHUX  CTaHJApPTIB B  Tallysi
JOPOKHBOTO OY/TiBHHUIITBA.

VY CBITI icHye Benu4e3Ha KUTBKICTh PI3HUX BHUJIIB
TUMOBHUX Oy/IIBEIbHUX KOHTPAKTIB, HaINPHUKJIIA],

koutpaktd FIDIC (MixunapogHoi —Qeneparii
imkeHepiB-koncynptanTiB), ICE  (Iactutyry
LMBIILHUX IHXKEHEpIB), NEC, IMechE

(ToBapucTBa iHXKEHEpiB-MEXaHIKIB) Ta iH., TOMY
npodeciiiHa  CHUIPHOTa  3aBXAM  NparHyia
chopMyBaTH €IMHI CTaHAApPTH, SKI JTO3BOIHIU O
CIIPOCTUTH TPOIIEC IPOBEIECHHS TEHAEPIB Ta Oyau
0 yHi(ikoBaHi Ta 3py4YHi y BUKOPUCTAHHI Y pO3pi3i
pi3Hux OyniBenbHUX TPOeKTiB. OcoOIMBO TOCTPO
g mpobiieMa BHHHKIA TICHS JPYroi CBITOBOT
BifHM B TIPOIIECI BiJHOBIICHHS KpaiH-yJaCHHKIB.
Came B mel mepion craja OUIBII TTOMITHOIO
iHTepHamioHamizamiss OyaiBHUITBA Ta aKTHUBHE
3alydyeHHsl KamiTany MIDKHApOIHUX (iHAHCOBHX
IHCTUTYTIB 1 opraHizamiii 10 OymiBeJIbHHX
mpoektiB [1, 2]. B Toif wac i B3sa7a Ha cebe
denepariss  FIDIC pons 00’eaHyrouoi JIaHKU
JepkaB A7 BUKOHAHHS  IHTEpHAI[lOHAJIBHHUX
OyAiBeJbHUX TIPOEKTIB Ta po3poOMIa THUIOBI
(GbopMH KOHTPAKTiB, SIKi Ha ChOTOJHIIIHINA yac €
0e3 nepeOUIbIIEHHS €TaJIOHaMU y Oy1IBHUIITBI.

Tunosi ¢opmu (npodopmu) FIDIC wmarots
3aKiHUEHWH BHUIJIAA, BOHM YHIBEpPCAJbHI - KOXHA
dbopma BIAMOBITAE MEPEBaKHIN OUTBIIOCTI BUMOT
Ta JIETKO IMAJA€TbCs 3MiHAM, HEOOXiTHHM
CTOpoHaM JoroBopy. KpiM TOro, He OCTaHHBOIO
NPUYMHOIO BU3HAHHS TUIIOBUX GOpM (paxiBIsMH y
OyIIBHUUTBI ~ CTaja  ycHillHa  OararopiyHa
MPAKTHKA 1X 3aCTOCYBAaHHS B PI3HUX FOPUCAUKIIAX
mo BchoMy cBity. [lommpenHs iX 3acTocyBaHHS
MOKHa BIICTeXHUTH Ha oQimiifHUX caiiTax
MDKHApOJHMX OpraHi3aliil 1 acouiauii (3okpema,
caiitu FIDIC, CgitoBoro 6anky, MiXXHapoIHOTO
BaJIIOTHOTO PoHy Ta iH.) [1].

Buxopuctanus npodopm FIDIC B Vkpaini mae
psa mepeBar, IMOYMHAIOYM BiJ YHi(IKOBaHOTO
MiIXO0Ty Ta €(EeKTUBHOTO posmnoaity
BIJIMOBIJAILHOCTI Ta PHU3HKIB CTOPiH i 3aKiH
qyloud O€3MeYHMMM yMOBaMM Ui 3aly4€HHS
¢iHaHCOBUX 1HBECTHIIH 3 OOKY MIKHApOIHHUX
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Formulation of the problem

Ukraine's integration into the international
community requires the adoption and
adaptation to local conditions of international
standards in the field of road construction.

There are many different types of standard
construction contracts in the world, such as
contracts FIDIC (International Federation of
Consulting Engineers), ICE (the Institute of
Civil Engineers), NEC, IMechE (the
Institution of Mechanical Engineers) and
others, so professional community has always
sought to create uniform standards that would
simplify the process of tendering and would
be unified and easy to use in terms of various
construction projects. Particularly acute this
problem emerged after the Second World War
in the recovery process of the participating
countries. It was during this period was more
pronounced internationalization of building
and active involvement of capital from
international  financial  institutions and
organizations in building projects [1, 2]. At
the time, took over the role of the federation
FIDIC connecting link State on international
construction projects and developed standard
forms of contracts which are etalon of
standards in construction in present time.

Typical forms (pro forma) FIDIC have a
finished look, they are universal - every form
meets the majority of requirements and easily
change required the parties to the contract. In
addition, not the least reason for the
recognition of typical forms by experts in
building become  successful long-standing
practice of their application in various
jurisdictions around the world. Spreading
their use can be tracked on the official
websites of international organizations and
associations (including sites FIDIC, World
Bank, IMF, etc.) [1].

Using pro forma FIDIC in Ukraine has
several advantages, starting with a unified
approach and efficient allocation of risk and
liability sides and ending with a safe
environment  for  attracting  financial
investments from international investors and
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IHBECTOpIB Ta 3MEHIICHHAM pIBHSI KOPYILii
IUISIXOM ~ CIIPOIICHHS MPOIEAYpU YHpPaBIiHHS
(biHAaHCOBUMH ITOTOKAMH.

AJe, Ha aJlb, ICHYE psiji IPOOJIeM, Ki BAHUKAIOTh
HAa OUIAXYy NOPUHHATTS Ta aganrtauii mpodopm
FIDIC no nopoxupoi ramy3i Ykpaiau. CyTTeBOIO
po0IeMOT0 €  HEBIANMOBIIHICTb  IMPaBOBOI
KOHCTpYKLIi VYKpaiHu, Tak SK MpH po3poOri
craggaptie FIDIC Oyma BukopucTaHa IpaBOBa
ocHoBa BemukoOpwuranii. Came HEBIAMOBITHICTH
3aKOHOJABCTBA Ta HOPMATUBHO-TEXHIYHOI 0a3u
CIIYTYE OCHOBHOIO MEPEIOHOI0 JI0 BIPOBAKEHHS
npopopm  FIDIC B Vkpaini i  mnepuioro
poOIeMOoIo, SIKy He0OXiIHO BHPIIIUTH HA LUIAXY
TaKoro BIPOBADKECHHS, € aJamTallis 3eMeIbHOIro
3aKOHOJABCTBA, a caMe, Mepe10auuT MOXKIIUBICTh
3a0e3rneyeHHs MaWHOBHX TMpaB Ha 3eMelbHI
TUISTHKY, BIIBEICHI i OYAiBHUIITBO JOPIT 3TiHO
cranaapris FIDIC.

AHaJI3 OCTaHHIX JOCTIKeHb 1 myOJikanii

[IpoBenenuii anaini3 AOCIIIKEHb J1aHOI HAYKOBOI
npoONeMaTUKA  TI0Ka3aB  HEJOCTATHIO  yBary
BITYM3HIHUX HaYKOBIIIB 110 npobiem
3a0e3neueHHs] MaifHOBHX TIpaB IMPU BUKOPUCTAHHI
koHTpakTiB FIDIC B N1OpoXKHBROMY TOCHOAApCTBI
Vkpaiau. [lpote, chig 3a3HAYUTH IM1IBUIICHHUMA
iHTepec a0 npobieM anantauii KoHTpakTiB FIDIC
B YkpaiHi B poborax Enpiko Binka (BuKoOHaB4OTrO
aupekTopa MikHapoAHOT Qenepallii 1HXeHepiB-
koHcynbTaHTiB FIDIC), C. Teym, B. I'pabuaxka, H.
bepezoscrkoro, C. AnnpeeBa, A. Jlinoa Ta iH.

ITocTanoBKa 3aBIaHHSA

MeTor0 cTaTTi € aHalli3 TEOPETUYHHX AacCIeKTiB
3a0e3reueHHsT MaWHOBHX IpaB Ha 3E€MEJbHI
TOUISSHKY,  BigBeAeHI TiAg  OyHIBHUITBO TpHU
peanizanii tunoBux ¢opm koHTpakTiB FIDIC B
JOPOKHBOMY T'OCIIOIAPCTBI YKpaiHH.

Buxisiag ocHOBHOro Martepiaay

Jlocsin BUKOHAHHSA MDKHAPOIHIX
1H(QpacTpyKTYypHUX Ta OyIIBEITBHUX IPOEKTIB B
KpaiHax cBiTy B 60-Ti pOKM BKa3aB Ha
HEOOXI1THICTh PO3POOKH €AMHOTO YHI()iKOBAHOTO
OiAXOMy Ta 3arajlbHUX TMpaBWJI POBEACHHS
TEHJIEPiB, PO3POOKH €IUHUX HOPM Ta THIIOBHX
(GopM KOHTpPAKTHOI JOKyMEHTamlii, II0 MOXKHa
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reduce corruption by simplifying procedures
for managing financial flows.

Unfortunately, there are some problems that
arise in the way of adopting and adapting to
the pro forma FIDIC in Ukrainian road sector.
The essential problem is the inconsistency of
Ukrainian legal structures, as well as that for
the development of standards FIDIC was used
legal basis of the UK. That discrepancy of
legislation and regulatory-technical
framework serves as the main obstacle to the
implementation of pro forma FIDIC in
Ukraine. And the first problem which must be
solved in the way of this implementation is
the adaptation of the land legislation, in
particular, provides an opportunity to ensure
property rights on land which reserved for
roads according to FIDIC standards.

Analysis of recent research and
publications

The analysis of scientific studies showed
insufficient attention to issues of national
scientists to the problems of property rights
when using FIDIC contracts in Ukrainian
road sector. However, it should be noted the
increased interest in the problems of
adaptation FIDIC contracts in Ukraine in the
research of Enrico Vink (Executive Director
of the International Federation of Consulting
Engineers FIDIC), S. Teush, V. Grabchak, N.
Berezovsky, S. Andreev, A. Lilov and others.

Setting objectives

The article aims to analyze the theoretical
aspects of property rights on land which
reserved for the construction of the
implementation of FIDIC standard forms of
contracts in the Ukrainian road sector.

Presenting main material

Experience in implementation of international
infrastructure and construction projects in the
world in 60-years pointed to the need to
develop a single unified approach and
common rules for tenders, development of
uniform standards and standard forms of
contract documentation that could be applied
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Oyno 6 B Mail0yTHROMY 3aCTOCOBYBAaTH B YCiX
KpaiHax cBiTy. Y TOHW ke dYac Taki QopMu
KOHTpPAaKTiB TMOBUMHHI Oynum © BpaxoByBaTH
crenudiky MiCLIEBOTO 3aKOHOJABCTBA Ta KOKHOTO
OKPEMOTO TPOCKTY. 32 BUPIIICHHS I[i€1 TIPOOIeMU
B cepenuHi 60-TUX pOKiB B3siach MiKHapoIHA
denepanis iHXKEHEpiB-KOHCYJIbTaHTIB FIDIC Ta
po3pobwmita i Bumyctuiaa «YepBOHY KHHUTY», sKa
CKJIa/Ia€ThCs 3 «3arajJbHuX yMoB» Ta «OcoOIMBUX
YMOB» KOHTPAKTYy.

«3aranpHi  ymoBH» KoHTpakty FIDIC — e
IOPUIMYHO BUBIPEHI IMOJIOKEHHS KOHTPAKTY, SKi
MiIXOOATh IS peami3arntii OyIb-sIKOTO
Oy/iBETHHOTO MPOEKTY M MOXKYTh OYTH BKIIIOUYEHI
B KOHTpakT ©0e3 3MiH abo 3 MiHIMaJIbHUMH
3MiHamu [1].

Jlpyra 4YacTMHa KOHTPAKTHOi  JOKyMEHTAIlil
«Oco0nMB1 yMOBU» NpU3HAYEHA JJIsI KOPEKTHOTO
ypaxyBaHHs yMOB HaI[lOHAJIBHOTO 3aKOHOJABCTBA
i1 0cO0IMBOCTEN IPOEKTY.

PozpoOka  «YepBOHOi ~ KHUTH»  CIyryBaja
MOIITOBXOM JIJIsl PO3POOKM ¥ IHIIMX THUIIOBHX
YMOB KOHTPAKTiB, IO OXONWJIM Maii’Ke BeCh
CHEKTP KOHTPAKTHUX BITHOCHH B OY/[IBHUIITBI.

B npodopmax FIDIC 3akiaseHa BeluKa KUIbKICTh
PI3HUX MEXaHI3MiB (HalpUKIaa - PEryIiOBaHHA
IIHK JOrOBOPY, TEPMIHIB BHUKOHAHHS 1 T.1.).
[Ipodopmu - 11e 30anmancoBaHa yroja, ska Ji€ Ha
ymoBax «fair terms» (4ecHi yMOBH), A€ B piBHII

Mipi  3axMIeHl IHTepecM 1 3aMOBHHKa 1
MIAPSIIHUKA.
Tak, mnosumis E€BPP 3a xontpakrom FIDIC

BU3HaYae ix j00pe 30amaHCcOBaHMMHU, BOHH JIETKO
aJanTyloThC 10 YMOB TMEBHOI KpaiHuW 1
3aCTOCOBYIOTBCS U IIMPOKOTO  JIiara3oHy
npoekTiB. OgHak, HEOOXiaHA JOKaTi3allis, Tak SK
JesKi ~ yMOBM  cymepedaTb  Hal[iOHAJIbHOMY
3aKOHOJABCTBY, MICIIEBI MIAPAIHI OpraHizalii

He 3aBxkau 3Haiiomi 3 FIDIC, iHOmi B mpoekTax
BUKOPUCTOBYIOTBCS HEKOPEKTHI (QOpPMH TaKHX
KOHTPAKTIB, 1110 B MallOyTHbOMY MOK€ TPU3BECTH
0 TpobieMu MalHOBUX MpaB Ha OynaiBeNbHUMN
00'€eKT.

MaifHoBi mpaBa Ha 00'eKT OyHiBHULTBA IpHU

peamizaiii KOHTPaKTy BHHUKAIOTh B MOMEHT
3aTBEP/UKCHHSI TMPOEKTy Ha OyIiBHUITBO 1
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in future in all countries.At the same time,
these forms of contracts would have to take
into account the specific local laws and each
project. For solving this problem in the
middle of 60th that did the International
Federation of Consulting Engineers FIDIC
and has developed and released the "Red
Book", which consists of the "General
Conditions” and "Special Conditions" of
contract.

"General Conditions” of FIDIC contract -
legally verified contract provisions that are
suitable for the implementation of any
construction project and may be included in
the contract unchanged or with minimal
changes [1].

The second part of the contractual
documentation  “special  conditions" s
intended to correct the conditions of the
national legislation and features of the project.

Development of the "Red Book" served as a
push for the development of other typical
conditions of contracts, covering almost the
entire range of contractual relations in
construction.

In pro forma FIDIC planted a large number of
different mechanisms (for example - adjusting
the contract price, deadlines, etc.). Pro forma
is a balanced agreement, which operates
under the terms «fair terms» (fair condition),
which are equally protected and the interests
of the customer and the contractor.

Thus, the position of European Bank for
Reconstruction and Development about
FIDIC contract determines their well-
balanced, they are easily adaptable to specific
country conditions and are used for a wide
range of projects. However, localization is
necessary, as some conditions are contrary to
national law, local contractors are not always
familiar with FIDIC, sometimes in projects
using incorrect forms. Such contracts in the
future could lead to the problem of property
rights on construction objects.

Property rights on the construction objects in
the implementation of the contract arising at
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30epiratloThcst 10 3/1a4i 00'€KTa 3aMOBHUKY, TOII
00'eKT 3 MAHOBHUX IPaB MEPEXOJUTh Ha OaJlaHC Y
BUDIISNI akTUBY. CKIIaIHICTh B 31HCHEHHI TaKOTO
nmigxony mnpu BukopucranHi mpodopm FIDIC
MOJIATaE B HEJOCKOHAIOCTI  OIOPOKPATUYHOL
MPOIICAYPH BIJIBEICHHS 3€MJIi Mij OyIIBHHUIITBO B
VYkpaini. BignoBigHO, 3aMOBHUK HE MOXKE
3a0€3MeYNTH CBOEYACHUHN JTOCTYI Ha OyiBEeTbHUM
MalgaHuYuK MiIPSITHAKA i IHXKEeHepa-
KOHCYJIbTaHTA.

Ha croromnimHiii yac 70 OCHOBHUX MPoOJIeM IpH
BUIOUIEHHI 3€MEIbHUX JUITHOK, IOTOMKEHHI
MPOEKTHOI JOKYMEHTAIlil, peecTpaiii 3eMelIbHHX

OUISHOK 1 TpaB HAa HHUX Yy OYJIBHUIITBI,
BiJTHOCSITHCSI HACTYIIHI:
1. HemoXJIUBICTh aBTOMATHYHOTO MEPEXOAY

npaBa KOPUCTYBAaHHS 3€MENBHOI0  JUISHKOIO
(openau) mpW TEepexoAi IpaBa BIIACHOCTI Ha
HepyxoMe MaiiHo. HoBuIi BIIaCHHK HEPYXOMOCTIi
(GakTUYHO TIOBMHEH TMPOUTH BCIO MPOIEAYPY
BiJIBEJICHHS 3€MEJIBHOI JUISTHKH B KOPUCTYBAHHS 1
yKJIaJaHHS  JOroBOpY  OpeHaAd, 10  3a
ONTUMICTUYHMM  CIICHApieM MOXKE  TpUBaTH
6mu3pKo MiBpoKy. Ilpy 11bOMy HOBUI BIIaCHUK HE
MOXe  €(pEeKTHBHO  KOPHCTYBAaTHUCS  CBOEIO
BJIACHICTIO (Hampuknam, 301MCHUTH
peKoHCTpyKIIito) [3].

2. IuBecTopu HE MalOTh MOXKJIMBOCTI MEPEBIPUTH B
MyOJIIYHO AOCTYIMHUX JKEpenax 3eMelbHl TUISTHKA
JepKaBHOI 1  KOMYHaJbHOI  BJAacHOCTI M
BU3HAYUTH, YU BUIbHI BOHH BiJl 3a0y70BH a00 4u
MOXYTh BOHM OYTH BUKOPHUCTaHI JJs peajizarii
OyniBeNbHUX MPOEKTIB [3].

3. He 3akiH4ueHa 3aKOHOJaBua MpOIEaypa
po3noainy cdep BUIUIMBY Ha BIIACHICTH JAEpiKaBU
Ta KOMYHQJIBHOTO  TOCIOAApPCTBAa.  ICHYIOTH
BUIAJKU, TPH SIKHX KOMYHallbHAa Ta JeprKaBHA
BJIACHICTH CIIBICHYIOTH HEPO3AUIBHO (HAIPHUKIA,
JiepKaBHI 3eMJli B 30HI MICT;, 3eMJi IO MAaloTh
KyJIbTYPHO-ICTOPHYHY IIHHICTH Touo). OxHa 1 Ta
camMa JUISTHKa MoOXe OyTH M JepKaBHOIO
oXxopoHOr0 1 mepeOyBatn Ha Oamanci micta. B
TaKMX BHUMAJKaX Mmporec iaeHTudikaiii BlacHUKa
NPU3BOJUTH IO 3HAYHUX  3aTPUMOK  TIpH
oopMiIeHHI JOKYMEHTAIlll Ha 3eMeNIbHY AUISHKY.

4. He 1o KiHII BpEryJIbOBaHO MPOIIEC BiAUYKECHHS

3eMEJIbHUX [IIJITHOK Yy TIPUBATHY BIJIACHICTh. 3
ogHOro OOKYy, JepkaBa mnepeadaunia OPUIMYHI
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the time of approval of the project for the
construction and kept up to date object to the
customer, then property rights of the object
transferred to the balance sheet as an asset.
The difficulty in implementing this approach
using pro forma FIDIC is the imperfection of
bureaucratic procedures for land acquisition
for construction in Ukraine. Accordingly, the
customer cannot provide timely access to the
construction site contractor and consulting
engineer.

At present time the main problems in the
allocation of land, approval of project
documentation, registration of land and rights
to them in construction include:

1. Failure automatic transfer of land use
(lease) the transition of ownership of real
estate. The new owner of the property
actually has to go through the whole
procedure of land allocation for use and lease
contract that throw the optimistic scenario
may takes about six months. In this case, the
new owner cannot effectively use their
property (for example, to reconstruct) [3].

2. Investors are not able to check in publicly
available sources plots of state and communal
ownership and to determine whether they are
free from development, or whether they can
be used for construction projects [3].

3. Do not over legislative procedure of
division of property of the state and
communal structures. There are cases in
which municipal and state ownership coexist
(for example, public lands in the area of
cities, land with cultural and historical value,
etc.). One and the same area can be under
state protection and be on the balance of the
city. In such cases, owner identification
process leads to significant delays in the
documentation of the land.

4. Do not to completely regulated the process
of alienation of land to private ownership. On
the one hand, the state has provided legal
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BUIIAJIKU, 3 HACTAHHSIM SKHX MPUIHHIETHCS TPABO
BJIACHOCTI Ha 3eMJII0 Ta pO3po0MiIa MexaHi3M
MPUMYCOBOTO  IMO30aBJICHHS HOPUIMYHHX a0o0
¢i3uyHMX o0ci0 mpaBa BIACHOCTI Ha 3€MeEJbHI
IUISHKA  (MIPUMYCOBE  BiTUY)KEHHS 3€MEJbHHUX
JISTHOK 3 MOTHBIB CyCHiIbHOT HEoOXigHOCTI [4]),
ale 3 IHIIOr0 — 3aJUINAIOTHCS  IHUTAHHS
CTpaxXyBaHHS pPH3HKIB HCOTPUMAHHS  3TOIHU
¢izuyHOoi 0CcOOM;  BiJICYTHOCTI JOKYMEHTIB Ha
3eMEeJIbHI JUISTHKY; BIJICYTHOCTI i1H(OpMAIi mpo

MiClle 3HAxXO/DKEHHS  BIACHUKIB  3€MEJIBHHUX
JIUISHOK Ta 1H.

Oxpim nepepaxoBaHUX pooeM, 110
Oe3nocepeIHIM YUHOM BIUIMBAIOTh Ha

3a0e3reueHHs] MaWHOBHX TMpaB TpU  peaizaril
koHtpaktiB  FIDIC, cmia 3a3HauuTd  psia
HENPSIMUX, aJle HE MEHII BaKITUBUX:

1. IIpobGnema BusHaueHHs koHTpakTy FIDIC sx
OJIHOTO 3 PI3HOBH/IIB JOTOBIPHUX (KOHTPAKTHHX)
BIIHOCMH MK 3aMOBHHKOM 1 BHKOHAaBIIEM.
Bupimmenns miei npobiaemMu mocTaBuio 6 yMOBHY
TOYKY B OUIBIIOCTI IOPUAMYHHUX KOJI3iH 100
3acrocyBanHs KOHTpakTy FIDIC B YkpaiHi.
Heo0xigHO 3aKOHOJABYO YiTKO BH3HAYWTH IPaBa,
IMOBHOBA)XEHHS, OOOB'I3KM 1 BIAMOBIZAIBHICTD
3aMOBHUKA 1 BUKOHABII, ake i1X (QyHKIIT 3a
TPaAULIIHHOI CXEMOI BUKOHAHHS pOOIT BiIMIHHI
Bix FIDIC, npo mo cBiguuth ananiz [{uBinibHOTO
KoJekcy [5].

[IpsiMi B3a€MOBITHOCHHM 3aMOBHUKA 1 BUKOHABIIS
srigHo ctanaapTiB FIDIC He nomyckaroThes.
Takoxx icHye mpobiieMa  JOBTOCTPOKOBOCTI
JOTOBIPHMX BIJHOCHH, $KY MOXHA BHPIIIUTH
BHECEHHSM 3MIH OI0/PKETHOTO 3aKOHOJaBCTBA.

2. IlpobrmemMa BH3HAYEHHS «KOHCYJIbTaHTa» B
YUHHOMY 3aKOHOJABCTBI (B  SKOCTI TpEThOI
CTOPOHH  KOHTPaKTy), HOro TOBHOBAXEHb,
KBaTiiKaIiiHAX BUMOT, BIJIMOBIIaTLHOCTI 1 T.]I.
FIDIC Bu3Hayae iH)KE€HEpa-KOHCYJIbTaHTA SIK
o0’eMHAaHHS  HE3AICKHUX,  HEYNCPEHKCHHX,
BHCOKOKBaJi(hiKOBaHUX 1 OCBIAYEHUX
CHeIIaJiCTIB 3 TPOEKTYBaHHA  Oy/aiBENbHUX
00'exTiB a00 yHpaBiHHS MPOEKTHUMH poOOTaMH,
BKJIIOUAIOYU BUOIp MPOEKTYBAIbHHUKA; OpraHizarii
Ta TPOBEIEHHS TEHAEPIB Ha MiAPAIHI POOOTH;
TEXHIYHOTO Ta aBTOPCHKOTO HAIJISAY; BUKOHAHHS
GbyHKIIA He3alexHOro apbiTpa MpH BHpIlIEHHI
cropiB Mk cropoHamu. Y uucii Bumor FIDIC -
00'€eKTHBHICTh 1 HE3aJIe)KHICTh, MPO30PICTh BCi€l
iHdopmarii, HEMOXXJIUBICTh OyIb-KUX
«BaKyIiCHUX» [i{, M0 BEAYTh IO MOJOPOKIAHHS
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cases with the onset of which terminate the
ownership of land and has developed a
mechanism of incarceration natural or legal
persons of ownership of the land
(expropriation of land for reasons of social
necessity [4]), but on the other - remain risk
insurance issue not receive the consent of the
individual; absence of documents on land,;
absence information about the location of
land owners and others.

In addition to these issues that directly affect
the provision of property rights in the
implementation of contracts FIDIC, it should
be noted a number of indirect but no less
important:

1. Problem of definition FIDIC contract as
one of the varieties of contractual relationship
between the customer and the contractor.
Solving this problem would put the notional
point in most legal conflicts regarding the use
of FIDIC contracts in Ukraine.

It is necessary to legally define the rights,
powers, duties and responsible range of the
customer and the contractor, because their
functions under the traditional scheme of
work other than FIDIC, as evidenced by the
analysis of the Civil Code [5].

The direct relationship between the customer
and the contractor under FIDIC standards are
allowed. There is also the problem of
sustainability of contractual relationships that
can be solved amending budget legislation.

2. The problem of the definition of "Consulting
Engineer” in existing legislation (as a third
party contract), its powers, qualification
requirements, responsibilities, etc.

FIDIC defines consulting engineer as an
association  of independent, unbiased,
qualified and experienced specialists in the
design or management of construction
projects design, including: the choice of the
designer; organizing and conducting tenders
for contract work; maintenance and
supervision; the functions of the independent
arbiter in disputes between the parties.
Among the requirements of FIDIC -
impartiality  and independence,  and
transparency of all information impossibility
of any "backroom" operations, leading to
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NPOEKTIB 1 HEBHIIPABIAHUX BUTPAT 3aMOBHUKA.
Takuii QaxiBenp MOBUHEH PO3YMITH HE TUIBKH
TEXHIYHY YaCTUHY MUTAHHS, ajie i MaTH HaBUYKU
3 yIpaBiIiHHs Oy/IBEIIbHUMHU IIPOSKTaMHU.

3. Ilepernsa migxomiB 10 BU3HAUEHHS BapTOCTI
pobiT 1 iXx BimoOpakeHHs B 3BITHOCTI. Tak,
HampuKiIag, B YKpaiHi OOOB'S3KOBO JIOMA€THCS
po3mu@poBKa 3a CKIAJAOBUMHU BHUTpaT Ha
KO)KHOMY €Tali  pO3paxyHKiB, TOAI SK B
koHTpaktax FIDIC moke Oyt qocHTh BKa3aTu
BUTpATH OJIHOTO pa3y B ckiaji opeptu [6].

4. Bu3HaueHHsS MEXaHI3MIB KOHTPOJIIO SIKOCTI,

MpaBWJI TEXHIYHOTO HArisay, NpUWMaHHA 1
¢dinancyBaHHs  poOIT  (HEOOXigHI 3MIHM B
HOPMAaTUBHO-TEXHIYHUX JOKYMEHTaX Ta
METOJMKAX ).

5. HeoOximuicte y odimiiiHoOMy mnepexiami
npodopm FIDIC na ykpainceky MoBy. HesikicHuii
MEpeKyIa]  CTAaHIAPTIB  TOPOKYE  TPOOIEeMU
HEJIOCTAaTHHOTO PO3YMiHHSA TEPMIHOJIOTI1,
npuHIUMIB 1 Mexani3miB aii npodopm FIDIC [6].
OdimiitHuM TepeKsIaloM BBAKAETHCSA IEPEKIIAI,
3aTBEP/UKCHUH Ha KOH(EpeHIil yKpailHOMOBHHX
uneniB FIDIC

BucnHoBok

HeBianoBigHiCTh YKpaTHCHKOTO 3aKOHOJIABCTBA Ta
cnenudika JOpOXKHbOI  raiysi, 0€3yMOBHO,
BUMara€e BHECEHHs 3MiH JUId ajanTtauii  Ta
MO>KJIMBOCT1 BUKOPUCTAHHS B YKpaiHi KOHTPAKTIB
FIDIC. Opnak mnpuxii B VYKpaiHy BeJIHUKHX
1HO3€MHHUX 1HBECTOPIB JUKTYE CBOi MpaBuia, 1
OUTBIIICTh 3 HUX BBAXKAa€ 3a Kpallle MpauoBaTu 3
ypaxyBaHHSIM MI)KHApOJHUX HOPM 1 MEXaHI3MiB.
Kontpaktu FIDIC no3BonsoTh, 3 0gHOTO OOKY,
MaKCHMaJbHO 3a0€3MeUuTH 1HTepecH 3aMOBHUKA,
a, 3 1HIIOro OOKYy, - 30pIEHTYBAaTH 1 3aXUCTUTH
1HTepecH MiApATHUKA.

He BumagkoBo Tumnosi ymoBu KoHTpakTiB FIDIC
Ha3uBaoTh «bi0mi€r0» Mg 3aX1AHOTO TIPS AHIKA
[2]. i mokymeHTH 3acTOCOBYIOTH MiKHApOTHHH 1
€Bporneiicbkuil 0aHKU PO3BUTKY 1 PEKOHCTPYKIII,
Jep>KaBHI 1 TpHUBAaTHI 3aMOBHMKM B 0araTbox
KpaiHax CBITY.

IcHye ©Oararo IOpMIMYHUX MEpEeIKOA  JJIs
Bukopuctanus npogopm FIDIC B Vkpaini,
YacTHHA 3 SKHX, HA Hallly TyMKY, MOKHa YCYHYTH
BHKOPHUCTOBYIOUHM MEXaHi3M 3MIHM YHWHHOTO
3aKOHOJABCTBA 1 HOPMATUBHO-TEXHIYHOI 0asw,
IHITy YacTHMHY - MOXKHAa BpaxyBaTh B 4YacCTHHI
«OcobmuBux ymoB». Takok HEOOXiTHO BKUTH
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higher project costs and unnecessary
outgoings of the customer. Such a person
must understand not only the technical part of
the question, but also have the skills to
manage construction projects.

3. Profile approaches to determining the value
of work and their reflection in the statements.
For example, in Ukraine should be attached
transcript costs for components at each stage
of the calculations, while the FIDIC contracts
may be sufficient to indicate the costs once as
part of the offer. [6]

4. Determination of quality control
mechanisms, rules, technical supervision,
acceptance and funding for (the necessary
changes in the regulatory and technical
documents and methodologies).

5. The need for official translation of FIDIC
standards into Ukrainian. Absence of
translating standards creates problems of lack
of understanding of the terminology,
principles and mechanisms of pro forma
FIDIC [6]. The official translation is
considered approved at the conference of
Ukrainian membership in FIDIC.

Conclusion

Inconsistency  Ukrainian legislation and
specific of road sector, madness requires
amendments to adapt and to opportunity of
use FIDIC contracts in Ukraine. However, the
arrival in Ukraine of large foreign investors
dictates its own rules, and most of them prefer
to work with international norms and
mechanisms.

FIDIC contracts allow, on the one hand, to
secure the interests of the customer, and on
the other hand - to orient and protect the
interests of the contractor.

It is no accident that typical conditions of
FIDIC contracts called "the Bible" for a
Western contractor [2]. These documents
apply international and European Bank for
Reconstruction and Development, public and
private customers in many countries.

There are many legal obstacles to the use of
pro forma FIDIC in Ukraine, some of which,
in our opinion, can be eliminated through the
mechanism of changing current legislation
and normative-technical base, the other part —
could be taken into account in terms of
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3aX0JIB IIOJ0 BHECEHHS 3MIH B 3€MEJIbHE Ta
MalHOBE 3aKOHOIABCTBO.

Heo0Oxigno 3a0e3neunTu MOKJIUBICTE
MePEeyKIaJaaTh JOTOBOPH OPEHIH  3EeMEJIbHHX
IUITHOK 3 HOBHUMH  BJIACHHMKAMH  00'€KTiB

HEPYXOMOCTI 3a CIIPOLIEHOI0 1 IPO30POI0 CXEMOIO,
a TAaKOX MPOBECTU IHBEHTAPHU3AIlII0 JEPKABHUX Ta
€IMHUX peecTpiB (KamacTpiB) 1 3abe3neunTd
npsMUAl OOMiH iH(POPMALII€I0 MK HUMH B PaMKax
aBTOMaTH30BaHUX cucTeM ([depxaBuuit
3eMeNIbHUM  Kajactp,  [lepkaBHuUM — peectp
MailHOBUX MpaB Ha HEpyXxoMe MaWHO Ta ix
OOTSKEHB, PEECTPHU TUIATHHUKIB MOJATKIB Ta iH.).
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Penenszentn:

"special conditions”. It is also necessary to
take measures for changes in land and
property law.

It should provide an opportunity to renew the
lease of land with the new owners for
simplified and transparent scheme as well as
an inventory of public and uniform registers
(inventories) and provide direct exchange of
information between them within automated
systems (State Land cadastre, State register of
property rights to immovable property and
their encumbrances, State register of taxes,
etc.).
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YK 332.6:625.7/.8
HInur A.FO., kaHa. TeXH. HAyK

HOPMATHBHA T'POIIIOBA OIIHKA 3EMEJIb TPAHCIIOPTHOI I'AJTY3I
B YMOBAX KOHIIECII

Amnoranis. 3anpoBa/pKeHHs B YKpaiHi KOHIECiH B iHGPACTPYKTYpPHOMY CEKTOpI, 30KpeMa Ha OyIiBHUIITBO
Ta eKCIUTyaTalil0 aBTOMOOUIBHHX JOpIr, SK (OpMH Jep)KaBHO-NPUBATHOTO MApTHEPCTBA, 3MCHIINTH
BUTpaTH OFOJDKETHUX KOMITIB B LbOMY HampsMkKy. OJHI€I0 3 BHMOT [0 TEXHIKO-CKOHOMIYHOTO
OOTpyHTYBaHHS TMpH YKIQJaHHI TaKUX KOHIECIHHUX YTOJ € MPOBEACHHS HOPMATHBHOI TPOIIOBOI OIIHKH
3eMeIb, IO MiANaJal0Th i/l CMYTY BiJBEICHHS.

Y cTaTTi pO3rJISHYTO MPOILEAYpPy NPOBEACHHS HOPMATHBHOI TPOIIOBOi OI[IHKH 3€Mejb TPAaHCIOPTHOI
ramysi.

Kuaio4oBi cjioBa: HopMaTHBHA TPOIIOBA OIIHKA, aBTOMOOITIBFHA TIOPOTa, TOPOKHE TOCTIOIAPCTBO, 3€MENbHI
JUJISTHKY, KOHIIECIS.

UDC 332.6:625.7/.8
Shpyh A.Yu., Ph.D.

NORMATIVE MONETARY VALUATION OF LAND TRANSPORT INDUSTRY
IN CONCESSION

Abstract. The introduction in Ukraine of concessions in the infrastructure sector, including the
construction and operation of highways as a form of public-private partnership to reduce budget
expenditures in this area. One of the requirements for the feasibility study at the conclusion of concession
agreements is to conduct regulatory monetary value of land covered by the easement.

The article examines the process of regulatory monetary value land transport sector.

Key words: normative monetary evaluation, highway, road economy, parcel of land, concession.

YK 332.6:625.7/.8
HInur A.FO., kaHa. TeXH. HAyK

HOPMATHUBHASI JEHEXHASI OIIEHKA 3EMEJb TPAHCIIOPTHOM OTPACJH B
YCJIOBUAX KOHHECCUHN

AnHoTtamusi. Beenenue B YkpanHe KOHIECCHH B WHQPACTPYKTYpPHOM CEKTOpE, B YAaCTHOCTH Ha
CTPOUTENLCTBO M IKCIUTyaTalliio aBTOMOOMJIBHBIX JIOPOT, Kak (OpMBI TOCYJapCTBEHHO-YACTHOTO
MapTHEPCTBA, YMEHBIIUT PacxXobl OIOJDKETHBIX CPEJICTB B 3TOM HampaBieHudu. OIHUM U3 TpeOOBaHUUN
TEXHUKO-DKOHOMHYECKOTO OOOCHOBAHHMS IIPH 3aKIIFOUEHUH TAKUX KOHIIECCHOHHBIX COTJIANICHUHN SIBJISETCS
[IPOBEICHNE HOPMATUBHOM JEHEKHOW OLEHKH 3€MEIb, IOANAJA0IIUX 10 [10JI0CY OTBOJA.

B crarbe paccMoTpeHa npoueaypa IpoBeAeHUsS HOPMATUBHOM JICHEKHOM OIIEHKM 3€MEJIb TPaAHCIIOPTHOMU
OTpACIIH.

KioueBbie cioBa: HOpMAaTHUBHAsl JICHEXKHAs OIEHKA, aBTOMOOWIJIBHAS JIOPOTa, JOPOXKHOE XO3SHCTBO,
3€MEJIbHBIC YYACTKH, KOHLIECCUS
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ITocTanoBka npodiaemu

[TokparieHHs eKCIUTyaTaliiHOTO CTaHy ICHYIOUUX
aBTOMOOUTBHHMX JOpIr Ta OYAIBHUIITBO HOBHX
MOKJIUBO 3IMCHIOBATH HE TIUIBKUA 33 PaXyHOK
Jep)KaBHUX KOINTIB, a W 32 PaXyHOK 3ally4eHHS
1HBECTHIIIIl MPUBATHOTO CEKTOPY.

Jnst peanizarii Takoi MOXXIMBOCTI B JIOPOXKHiH
rary3i 'y 1999 pomi Oymo mnpuitHATO 3aKoH
VYkpainu «lIpo konmecii Ha OymiBHHITBO Ta
eKCIUTyaTarito aBTOMOOTBHUX Topir» [1].

VY 3emensuomy Konekci Ykpainu [2] BuzHaueHo,
10 KOHIIECIOHEPY HA/IAIOTHCS B OPEH]IY 3€MEJbHI
OUISHKA Yy  BCTQHOBJIIGHOMY  MOPSIKY  JAJIS
3OIMCHEHHS KOHIleciiiHOl  mismbHOCTI. ToOTO,
KOHIIECIHHUM JIOTOBOPOM KOHIIECIOHEpY
HAJA€ThCS PABO Ha OYIIBHUITBO aBTOMOOUTHLHOT
JOpOTH.

OO60B’3K0BOI0 YMOBOIO IIPH Mepeaayi 3eMeIbHUX
JOUISSHOK TIiJ] TUIATHI aBTOMOOUIBHI JOpPOTH €
MIPOBEJICHHSI HOPMATHUBHOI I'POIIIOBOI OI[IHKH, IO
€ CKJIaJI0BOIO TEXHIKO-€KOHOMIYHOTO
OOTpyHTYBaHHs. ToMy, TUTaHHS TPOIIOBOI
OI[IHKM  3€Mellb  TPAHCIOpPTHOI  ramy3l €
CBOEYACHHUM Ta MOTPeOye IeTANBHOTO BUBUCHHS.

AHaJi3 0CTaHHIX J0CTIKeHb I myOJiKkanii

OcCHOBHM HOPMATHUBHOI TPOIIOBOT OLIIHKH PO3KPHTI
B pobOoTax Takux ydyeHux sk FHO.M. Mannesuua,
IOM.  Ilanexu, M.I'.JIuxorpyma, 1O0.D.
Hextspenka [3], A.I'. Maprtuna [4] Ta iHIIUX.
JlochipkeHHSIM ~ aBTOJOPOKHIX  KOHIIECIH B
Vkpaini 3aiimanucs [.B. borman [5], O.B XKynmun
[6] Ta iH1Imi.

ITocTaHOBKA 3aBAaHHSA

Meta crarTi nonArae B PO3KPUTTI HPOLETypPH

MPOBEACHHS HOPMATUBHOI T'POIIOBOI  OITIHKH
3eMeIb TPAHCIOPTHOI ramys3i.

BukJiax ocHOBHOro Martepiany
3emiss B JIOPOKHBO-TPAHCIOPTHIA  Tamysi

BHCTYIIA€ TMPOCTOPOBUM OIEpAIIiHUM 0a3nucoM,
ToOTO MicleM s  po3MillleHHS OyJIMHKIB,
CropyA, MUISAXiB  CIOJAy4YeHb EKOHOMIYHOIO
dbopMoro peamizamii 3eMeNbHOI BJIACHOCTI €
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Formulation of the problem

Improving operational  condition  of
existing roads and construction of new
possible not only to carry out public funds,
but also by attracting private sector
investment.

To implement such an opportunity in the
road sector in 1999 adopted the Law of
Ukraine "On Concession for construction
and operation of highways" [1].

The Land Code of Ukraine [2] stipulates
that the concessionaire available for rent
land in the prescribed manner to
implement  the  concession.  That
concession concessionaire is given the
right to build the highway.

A prerequisite for the transfer of land for
toll roads is conducting regulatory
monetary value as part of a feasibility
study. Therefore, the issue of monetary
value of land transport industry is timely
and requires detailed study.

Analysis of recent research and
publications

Fundamentals regulatory monetary value
disclosed in the work of such scientists as
Y.M. Mantsevych, Y.M. Palekha, M.G.
Lyhohrud, Y.F. Dehtyarenko [3,] A.G.
Martin [4] and others. The study of road
concessions in Ukraine engaged 1.V.
Bogdan [5], O.V. Zhulin [6] and others.

Setting objectives
The purpose of the article is to disclose the
conduct regulatory monetary value land
transport sector.

The main material
Land in the road transport industry serving
spatial operating basis, i.e. space for

buildings, structures, roads combinations.

The economic form of the landed property
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3eMeJIbHA PEHTA.

Y igmoBigHocTi 10 IlomatkoBoro Kogekcy
VYkpaiau [7], 6a3zor0 misi 3arajibHOJEP)KaBHOTO
NOJAaTKy, SKAW  copaBisteTbess y  (opmi
3eMEJIbHOr0 MOJATKy Ta OpEHAHOI IUIaTh 3a
3eMeNbHI JUISHKM JIepKaBHOI 1 KOMYHaJIbHOL
BJIACHOCTI € HOpMaTHBHA TPOIIOBA OLIHKA
3eMEIbHMX JUISHOK, $Ka € KalliTali30BaHUM
PEHTHHUM JIOXO/IOM 13 3eMeIbHOT JUISTHKH.

HopMatuBHa  rpomioBa  OIHKa  3€MEJIbHOL
TUISTHKY, sKa BXKE BiJBeIeHA MmiJ OyHiBHUIITBO
JOPOTH Ta TEPENAEThCS KOHIIECIOHEPY Ha YMOBaX
OpeHH (KpiM 3eMellb HaceNeHuX MyHKTiB), (L, )

BHU3HAYAETHCS 32 popmyioro [8]:

llH=H Pd C K K -K u'Ki’ (1)
ne 11 p — Iwoma 3eMeJIbHOI  JUISHKH, IO
IIPUIAMAETHCS 3a JTAHUMU Jlep;xaBHOTO

3eMENbHOr0  KaJacTpy abo JoKyMeHTamii 13
3eMJICYCTPOIO, KB. M;
P, — PEeHTHMH JOXIiA NSl BIIMOBIZHOI Kareropii

3eMenb (Y TPUBHSIX Ha piK);
C, — cTpOK Karmitaiisanii (y pokax);

K w KOoe(illi€eHT,

poO3TalllyBaHHSA 3E€MCJIb,

Kg —  Koe(imieHT, SKUM

BUKOPUCTAHHS 3eMEIbHOL JUISTHKA 1
BCTAQHOBIIIOETHCA 3QJIEKHO BiJ CKJIaay Yriab
3eMeJbHOI  JUISHKM — BIAINOBIZHO OO0  JaHHUX
Jlep:xaBHOTO 3€MEIBHOTO KaJacTpy;

KMU — KOG(l)lI_IIGHT, SKHHU BPAaXOBY€ HAJICKHICTb

3eMEJILHOL UTSIHKHA bi e}
MIPUPOIOOXOPOHHOTO,
peKpeartifHoro,
MPU3HAYEHHS,

K, — KoedimieHT

IPOIIOBOI OI[IHKH 3€MEJIb.

KM BpaxoBye MicIe

BpaxoOBYy€  BHJ

3eMelb
03J10pOBUOTO0,
1ICTOPUKO-KYJIBTYPHOTO

IHJeKcarii HOPMaTHUBHOI

I'pomosa OIliHKa 3eMelb TPaHCIIOPTY
XapaKTepU3yeThCs  KalliTali30BaHUM  PEHTHUM
JOXOZIOM BiJl IIhOBOTO BHUKOPUCTAHHS Ta
3JIIHCHEHOTO MOJIIMIIEHHS 1X 00JIaIITyBaHHS.
PenTHHMII m0Xi7, IO CTBOPIOETBCS 3a PaxyHOK
o0amTyBaHHs 3€MENbHOI JUISTHKA BU3HAYAETHCS
3a opmysioro [9]:
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is land rent.

According to the Tax Code of Ukraine [7],
the basis for national tax levied in the
form of land tax and rent for land plots of
statet and municipal property are
normative monetary valuation of land,
which is capitalized revenues from renting
of land.

Regulatory monetary valuation of land,
which is already reserved for the
construction of the road and passed
concessionaire under a lease (other than
land settlements), (Z/,,) given by [8]:

q,=1,-Py-Co-K, K K K,
1)

where 1y - the area of land that

acceptance means according to State land
cadastre or land management
documentation, sg. m;

Py — rental income for the relevant

category of land (UAH per year);

C,. — term capitalization (in years);

K, — factor for the location of the land;
K, — factor for the type of use of land and

set depending on the grounds of land
according to the State land cadastre;
Ky = factor for the ownership of land to

nature-land security, health, recreational,
historical and cultural,
K, — coefficient indexing normative

monetary value of land.

The monetary valuation of land transport
is characterized capitalized on revenues
from renting the intended use and carried
out to improve their improvement.

Rental income that is created by the
arrangement of land given by [9]:
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(TH-3-3-K _)-B
p _ Hp 3n
nHAN B ' (2)

og

e P - PEHTHUHN JTOX1JI, SKUH CTBOPIOETHCS 32

paxyHOK OOJIAIITYBaHHS 3E€MEIbHOI JUISHKH,
I'PH./M KB;

T[T — HOPMATHUBHUHU OOCSAT TOBapHOI MPOIYKIIii
MIJIPUEMCTBA,  SIKE €  BIACHUKOM  abo
KOPHUCTYBa4eM OI[IHIOBAHOI 3€MENbHOI IUISTHKH,
I'PH./ M KB;

3 — BUpOOHMYI 3aTpaTH, TPH./M KB;

KHp — Koe(imieHT HOPMHU PEeHTAOENbHOCTI, AKUA

BU3HAyae OOCSTM  BHUTpPAaT Ha
BiITBOPEHHS BUPOOHHUIITBA,
B, - OaylaHCOBa BapTiCTh OyAiBENb 1 CHIOPYX Y

po3IIMpeHe

MEXax 3€MENbHOI JUITHKA Ta IHXCHEPHO-
TPaHCIOPTHOIL iH(ppacTpyKTypH, sKa
po3TalioBaHa 3a MEXaMHU 3E€MENIbHOI JIISHKHU 1
nepeOyBae Ha OajaHci JaHOTO MiANPUEMCTBA,
TpH.;

BO b OaslaHcOBa BapTICTh OCHOBHUX (DOHIIB

MiIPUEMCTBA, TPH.

HopmatuBu peHTHOro J0Xoay Miisi 3eMeib
TpaHcnopTy HaBeseHi B goaatky 1 ITopsaky [10]
1 cranoBUTh 0,6637 rpH./KB. M Ha PIK.

Crtpok kamiTamnizaiii peHTHOTO JO0XOIy CK TUTS

3eMelb JIOPOKHBO-TPAHCIIOPTHOL ramysi

craHoBuTh 33 poku [10].

Biamorigno no [10], xoedillieHT, skuii BpaxoBye
BUJI BUKOPHCTaHHS 3€MEJIbHOI JUISTHKH

(K, ), BU3HAYAETHCSA 32 HOPMyYIIOIO:

K@ - Ke 'Ke .K63 .K64 (3)

1 62

ne K ol KOoeQIIli€HT, SIKUI BpaxoBYe CKJIAJl yTiah

1
3eMenbHOi JUISHKU. Jlnst 3emens TpaHCHOpTY
3HAa4YeHHs Koe(]illieHTa TNPUHMAETbCI PIBHUM
omunut (noxatok 7 [Mopsaxy [10]);

K, - KoeQILI€HT, KU BpPaXxOBYE perioHaiabH1

BIJIMIHHOCT1 y ()OpMyBaHHI PEHTHOTO JOXOJy Ta
BU3HAYA€THCS  JUIS  3€Melb  [POMHCIOBOCTI,
TPAHCHOPTY, 3B SI3KY, E€HEPreTHKH, OOOPOHH Ta
IHIIOrO  TNpU3HAYEHHS.  3HAU€HHS  JIaHOTO
KoedillieHTa 3aJIeXHUTh BiJ 00acTi YKpaiHu, B
SKIH PO3TAIIOBaHO OO0’€KT, Ta HaBEICHO B
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(TII-3-3-K )-B
_ up’ T 3n

L v (2)
NHN

Boqb
where Pm-m — rental income, which is

created by the arrangement of land, UAH /
sg. m;

717 — the required volume of commodity
production company, which is the owner
or user of land valued UAH / sg. m;

3 — production costs, UAH / sq. m;

KHP — the rate of return rate, which

determines the volume of expanded
reproduction costs of production;
B — book value of buildings within the

land and engineering and transport
infrastructure, which is located outside of
land and is on the balance of the
enterprise, UAH;

Bo b book value of fixed assets of the

enterprise, UAH.

Standards of rental income for land
transport are listed in Annex 1 of the
Order [10] and is 0.6637 UAH / sg. m. per
year.

The term capitalization of rental income
C,. for land road transport industry is 33

years [10].

According to [10] factor for the type of
use of land (Ke ), is given by:

Ke - Kel .K62 ‘K63 .K84 (3)

where K, - factor for the composition of

land of land. For land transport coefficient
is assumed to be one (Annex 7 of the
Procedure [10]);

K _,— factor for the formation of regional

differences in rental income and is
determined to land for industry, transport,
communications, energy, defense and
other purposes. The value of the
coefficient depends on the region of
Ukraine, where the object is located, and
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nonatky 8 Iopsanky [10];

K o - KOE(]iIi€HT, 110 BPaXOBY€E MPOIYKTUBHICTh

JCOBUX HAcaPKEeHb Ta BU3HAYAETHCA JUISI 3€MEITb,
BKPHUTHX JIICOBOIO (JIGPEBHOIO Ta YarapHUKOBOIO)
POCIIMHHICTIO;

K, - KOE(]iIi€HT, 110 BPaXOBY€E NMPOIYKTUBHICTh

BOIHUX O0’€KTIB Ta BU3HAYAETHCA IUIS 3EMEND 13
UMH 00’ €KTaMU: MPHUPOJIHI BOAOTOKH (piUKH Ta
CTPYMKH), IITy4YHI BOJOTOKH (KaHaIH), 0O3epa,
CTaBKH, BOIOCXOBHIIA TA 1HIII BOAHI 00’ €KTH.

Jns  3eMenb  TpaHCHOPTY KoedimieHT K

My

npHpiBHIOETHCA 10 oaunuili [10].

IHpekcaris  HOpPMATHBHOI  T'POIIOBOI  OIIIHKH
3eMelb Bu3HadaeThbesl IlomatkoBuM Konxekcom
YkpaiHu.

BucHoBku

3 omaay Ha TMOCTYHNOBHUH Mepexia TOpOKHBO-
TPAHCIIOPTHOI Taixy3i YKpaiHH A0 3aCTOCYyBaHHS
KOHIECIHHMX  yroag npu  OymiBHHLTBI  Ta
eKCIUTyaTallll aBTOMOOUIBHUX JIOPIT, y3arajabHEeHO

Ipolelypy HOPMAaTHBHOI TPOIIOBOI  OLIHKH
3eMeJIb TPAHCIOPTHOI raysi.
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given in Annex 8 of the Procedure [10];

K o - factor that takes into account the

performance of woodland and s
determined to land covered with forest
(trees and shrub) vegetation;

K, - factor that takes into account the

performance of water bodies and is
determined to land with these objects,
natural waterways (rivers and streams),
artificial streams (channels), lakes, ponds,
reservoirs and other water bodies.

For land transport ratio Ko is equal to

one [10].

Indexation of regulatory monetary value
of land is determined by the Tax Code of
Ukraine.

Conclusions

Given the gradual transition road transport
sector Ukraine for use of concession
agreements in the construction and
maintenance of roads, generalized
procedure regulatory monetary value land
of transport sector.
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YK 625.7/.8
Myask L.C.

moJ0 YAOCKOHAJVIEHHA JTUHAMIYHOTI'O METO4Y
BUITPOBYBAHDb JIOPOKHIX KOHCTPYKIIIA

AHoramnis. B crarti fizerbes npo HOBUH crociO BU3HAYEHHS (PAKTUYIHOTO MOIYJS MPYKHOCTI 32
TPUBAJICTIO YAapy, SIKUM J1a€ 3MOTY YIOCKOHAJIUTH METOJ JMHAMIYHMX IITAaMIIOBUX BUIPOOYBaHb
32 paxyHOK BHUKJIIOUEHHS HEOOXITHOCTI 3aCTOCYBaHHS penepHUX OanoK, 0 B CBOIO 4Yepry
MiBUIILYE MPOAYKTUBHICTh, TOYHICTH Ta O€3MeKy BUIPOOYBaHb.

OO0’ €eKT TOCTIKEHHS — TOPOKHI KOHCTPYKIIIi.

Mera poOOTM — yOOCKOHQJIEHHS JIUHAMIYHOIO METOJy OLIHIOBaHHS Je(OpMaTUBHUX
XapaKTePUCTHK JOPOXKHIX KOHCTPYKIIM MUISXOM CHPOIICHHS BHUMIPIOBAIBHUX OIEpamind i
3MEHIIEHHS OXUOKU BUMIPIOBaHb.

Metoau AOCHTIHKEHHS. — METO/IM TEOPii MPYKHOCT1, TEOPETUIHOT MEXaHIKH, MAaTEMaTHYHOTO
MO/ICJIFOBAHHS.

Kurouosi cioBa: 1uHaMivyH1 IITaMIOBI BUIPOOYBaHHS, JOPOKHS KOHCTPYKLIS, TPUIIaA TUHAMIYHOT
i1, IpY>KHUH MPOTHUH, perepHa 6ajka, TPUBAIICTh yaapy, GaKTUUHUN MOYNb MPY>KHOCTI.

UDC 625.7/.8
Shuliak 1.S.

ON IMPROVEMENT OF THE DYNAMIC TESTING METHOD
OF ROAD CONSTRUCTIONS

Abstract. This paper discusses a new method of determining the actual modulus of elasticity for the
duration of the impact, which allows improve the method of dynamic stamps tests by eliminating
the need for application of reference beams, which in turn increases productivity, accuracy and
safety of tests.

The object of study — road constructions.

Purpose — improving the dynamic method of evaluation the deformability characteristics of road
constructions by simplifying the measurement operations and reduce measurement error.

Research methods — methods of the theory of elasticity, theoretical mechanics, mathematical
modeling.

Key words: dynamic stamps tests, road construction, dynamic action device, elastic deflection,
reference beam, impact duration, actual elastic modulus.

303



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

YIK 625.7/.8
Myasx U.C.

O COBEPHIEHCTBOBAHNHA TUHAMHUYECKOI'O METOJA
HUCIIBITAHUU JOPOXKHBIX KOHCTPYKIIUHN

AnHoTanmusi. B crathe waer peyb O HOBOM crmocoOe ompeneiacHus (HaKTHIECKOTO MOy
YOPYroCTH MO JIJUTEIBHOCTH  yAapa, KOTOPBIM TMO3BOJIAET YCOBEPUICHCTBOBATH METO]
JTUHAMHAYECKHX INTAMIIOBBIX HCIBITAHUNA 3a CYET HCKIIOYEHUS HEOOXOAMMOCTH TMPUMECHEHUS
peNnepHBIX 0ANOK, YTO B CBOKO OUEPE/lb IMOBHIIIACT MMPOU3BOIUTEIILHOCTD, TOYHOCTh U 0€30MacHOCTh
HCITBITAaHUH.

OOBeKT HccaeoBaHus — JOPOKHBIE KOHCTPYKIIUU.

Llenp pabGoOTBI — COBEPIICHCTBOBAaHWUE JWHAMHYECKOTO METOJa OLEHKH Je(hOopMaTHBHHUX
XapaKTEPUCTUK JOPOKHBIX KOHCTPYKLUMH IIyTEM YIPOLICHHUsS W3MEPUTEIbHBIX Ollepauuil u
YMEHBILIEHUS TOTPEIIHOCTH U3MEPEHUH.
Metonel  uccienoBaHMS  —  METOZBI
MaTE€MaTH4YeCKOro MOJAEIMPOBAHMUSL.
KiroueBble ci10Ba: JUMHAMUYECKHE IITAMIIOBBIE HUCHBITAHUA, JAOPOKHAs KOHCTPYKLHUS, HpUOOp
JMHAMUYECKOTO JIEHCTBUS, YIPYTHil IPOruod, pernepHas Oanka, JTUTEIBHOCTD yaapa, (pakTHYecKHi

TCOpUHU TeOpeTquCKOﬁ MCXaHHUKH,

ynpyrocty,

MOJyJib YIPYTOCTH.

Beryn

Ha croromuimHii neHp sk B YKpaiHi Tak 1 3a
KOPJIOHOM LIMPOKO 3aCTOCOBYIOTHCS IMPHUIIA/IH, 1110
peani3yloTb JHWHAMIYHMA METOJ| OI[IHIOBaHHS
ne(GOopMaTUBHOCTI JOPOXKHIX KOHCTPYKLiH. BoHU
MalTh OUIBII  BUCOKY HIPOAYKTUBHICTH B
MOpIBHSAHHI 3 MeToJaMH Ta 3aco0amu, IO
peaiti3yloTh CTaAaTUYHUNA METOJ] BUIPOOYBaHHS.

[lpyHimn poOOTH LMX NPUIAAIB TMOJSIrae y
BHUMIPIOBaHHI MaKCHUMAaJIbHOTO OCIJJaHHS IITaMIIa,
Ha SKWA i€  KOPOTKOYACHE  JUHAMIYHE
HAaBaHTA)KCHHS. 3a BEIMYMHOI0 MAaKCHMAalIbHOTO
OCIJIJaHHSl IlTaMIa OIIHIOITh  Je(opMaTHBHI
XapaKTePUCTUKHU JTOPOKHBOI KOHCTPYKIIIi.

OcCHOBHA YaCTHHA

T'ooBHMM  HEHOJIKOM  OLIBIIIOCTI  BIZOMHX
3aco01B IS JTUHAMIYHUX LITAMIIOBUX
BunpoOyBanb [l — 4] € HagBHICTH penepHoOi

0anku, HEOOXiTHOT JUIsl BUMIPIOBAHHS MPYKHOTO
NPOTMHY 1 BU3HAYCHHS JUHAMIYHOTO MOIYJIS
PYKHOCTI 3a hopmysioro [5, 6]:
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Introduction

For today, both in Ukraine and abroad
widely used devices that implement
dynamic evaluation method of deformability
of road constructions. They have better
performance compared to the methods and
means that implement the static test method.

The principle of these devices is to measure
the maximum subsidence of stamp, which
operates short-term dynamic loading. The
magnitude of the maximum subsidence of
stamp evaluate deformability properties of
road construction.

Main part

The main disadvantage of most known
means for dynamic stamps tests [1 - 4] is the
availability of reference beam, necessary for
measuring the elastic deflection and
determination of the dynamic elastic
modulus by the formula [5, 6]:
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2
_ KpDA-p7)
(4 |

: )

ne K, — koedimieHT, M0 3aJ€XKHTh Bif

q
XapakTepy mepenavi HaBaHTaKEHHS HA MOKPUTTSL:
TaK MPU BUITPOOYBaHHI 3a TOTIOMOTOI0 KOPCTKOTO
ramma Kq =0,257 , a 3a JOIOMOT0IO CITAPEHOTO

KoJjeca — Kq =10;

P — THCK Ha MOKPHUTT,

D — niamerp mramra;

U — xoedimient [lyaccona;
| — nporuH NoKpuTTS, M.

HeoOxigHicTh B yCTaHOBII penepHOi Oanku
MPU3BOAMTH JIO JOJATKOBUX BHUTPAT CHJI Ta Yacy
omepatopa. Ilix 4yac BuMmipiOBaHb oMY
HEOOXIOHO BHXOIOWTH 3 AaBTOMOOLIA, a Ie
nigBuinye Hebesneky BumpoOyBaHb. [lokazaHHs
MIPOTHHY MOKPHUTTS BiJl CTBOPEHOTO
HABaHTAaXXCHHs HEOOXIHO 3alMCyBaTH BPY4HY,
[0 CTBOPIOE JIOJATKOBI HE3PYYHOCTI, OCOOJIMBO
MIPU HECTIPHUSITIMBHUX TIOTOJAHUX YMOBaX.

Kpim 1poro, mexaHism migiioMy — OIYCKaHHS
PYXOMOTO HITaMITy Ta perepHoi OaaKu Mae JOBOJI1
CKJIaJJHYy KOHCTPYKIIIIO 1 YaCTO BUXOAMTH 3 JIany,
MOIIKO/DKYIOUM  MPU  LbOMY  BHUMIPIOBAJIbHI
JATYUKH.

OquI/II[HI/IM € TC, 110 H036YTI/ICB JaHOTIo HC,ZLOJ'IiKy

Ta CHOPOCTUTH TMPOIEC BHMIPIOBaHb  IPHU
JUHAMIYHUX [ITAMIIOBUX BUNPOOYBaHHSIX
MOXJIMBO  JIMIIIE  MIIIXOM  BIAMOBU  BiJ

BUKOPHUCTAHHS pelepHUX OanokK.

I[le B cBoro uyepry moTpeOye BUOOpPY HOBOTO
napameTrpy, SKMA CIIiJl BH3HA4YaTH 3aMICTh
NPY)XHOTO  TIPOTUHY TpH  BUIPOOYBAHHSX
JTOPOXKHIX KOHCTPYKIIIH.

3a KOpAOHOM ICHye cmoci0  BU3HAYEHHS
nepopMaTUBHUX  XapaKTEPUCTUK  JOPOXKHIX
KOHCTPYKIIN 3 BUKOPUCTAHHAM NpUCTporo «ZFG-
2000» [7], 3a mOMOMOTOIO SIKOTO TPOBOASTH
JMHaMIYHE HaBaHTA)XEHHS MOBEPXHI JOPOKHBOTO
OJIATY, PEECTPYIOTh CHUTHAJN Bix OOJagHAHHS,
OTPUMYIOTh  CEpEeJHE  3HAYCHHS  OCIJaHHA
JOPOKHBOT ~ KOHCTPYKIII Ta  pO3paxoOBYIOTh
JUHAMIYHUNA MOJYb Aedopmatii 3a GopMyInoro:
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2
_ KpDA-p7)
(4 |

, 1)

where K, — coefficient, depending on the

character of the transmission load on
pavement: so when tested using rigid stamp

K,=0,257, and using twin wheels —
K,=10;
p — pressure on pavement;

D — diameter of stamp;
u — Poisson's ratio;
| — deflection of pavement, m.

The need to install the reference beam leads
to additional costs time and effort of
operator. During the measurement, it must to
leave the car, and this increases the risk of
testing. Indications of pavement deflection
created by the load must record manually,
which creates additional inconveniences,
especially  during  adverse  weather
conditions.

In addition, the mechanism of recovery —
lowering rolling stamp and the reference
beam is rather complex structure and often
breaks down, damaging the measuring
Sensors.

It is obvious, that to get rid of this
disadvantage and simplify the measurements
at the dynamic stamps tests, can only by
abandoning the use of reference beams.

This in turn requires the selection of a new
parameter that should be measured instead
of elastic deflection during testing of road
constructions.

Abroad, there is a way to determine the
deformation  characteristics of  road
constructions using the device «ZFG-2000»
[7], by which conducting dynamic load the
surface of pavement, recording the signal
from equipment, get the average of
subsidence of road construction and
calculate dynamic deformation module by
the formula:
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E,=15r ==, (2)

ne r — paaiyc mramIa;

S S

S.ax — CepemHe 3 ocimaHb S

4max ! Smax ! 6max

HITaMIia Ipyu TphOX yJapax;

Gmax

o= 0,1 MH/M).

— HOpMaJIbHE HAINPYXXEHHS MiJ ITamroMm (

He3Baxaroum Ha Te, MmO TPH NPOBEICHHI
BUNIPOOYBaHb  BIJACYTHA  HEOOXIOHICTH Yy
BHKOPHUCTAaHHI pPENepHUX OajoK, JaHUH CIocio
TAaKOXX HE € JOCKOHAJIMM Ta Ma€ CBOI HEIOJIKH,
TOJIOBHUM 3 SKHX € CKJIAJHICTh BHU3HAUCHHSI
OCiJIaHHS JOPOKHBOT KOHCTPYKIIIi.

Peectpamiss curHamy BigOyBae€TbCs JaTINKOM
npuckopeHHs. OOpoOka CHrHayly HpPUCKOPEHHS
IUIs OTPUMAHHS OCiTaHHS JOPOKHBOT KOHCTPYKIIii
BUMarae MojBiiHOro iHTEerpyBaHHs, a el Mmporec
€ JIOCUTH CKJIAJIHUM

B pob6oti [8] bymaxom €.0. Oyna moOymoBaHa
MaTeMaTM4yHa MOJIeNIb  B3a€EMOJIl  yIapHUKa
yctaHoBkH «Y IBO-HTY» 3 nokputrtsm.

®opmyay (1) MokHaA TOJATH Y BUTIISAL:

4£P
i 3
DI
ne & — koedillienT;
P — HaBaHTaXCHHA Ha IITaMII,

3BIAKM 3HAWAEMO 3alEeKHICTh MDK MPYXKHOIO
peakiiiero P i mporuHoM noKputTs |

P:ﬂED|' @)

45

HH 3aJIEKHICTD 6yna BUKOPUCTAaHA IUIs CKIIaJaHHS

pIBHAHHA pyxXy yaapHuka «YABO» micns
JOTUKAHHS JI0 TOBEPXHI MOKPUTTH [8].
[Toznaunmo
ED
A=""2 (5)
4s
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E, =15 r Zmx 2)
where r — radius of stamp;
S.x — average of subsidence S, .., Sgm

Sgnax OF stamp with three strikes;

0, — hormal stress under stamp (o, =0,1
MN/m?).

Despite the fact that during the tests there is
no need to use reference beams, this method
also is not perfect and has flaws, chief
among which is the difficulty determination
of subsidence of road construction.

Registration of signal happening an
acceleration  sensor.  Processing  of
acceleration signal for getting the

subsidence of road construction requires
double integration, but this process is quite
complex and leads to significant error.

In [8] Bulakh E.O. was built mathematical
model of interaction of the device drummer
"UDVO-NTU" with pavement.

Formula (1) can be represented as:

e 4P

zDI’ @)

where & — coefficient;

P —load on stamp;
where find the relationship between the

elastic reaction P and deflection of
pavement I
P:7Z'ED|. @)
4

This relationship was wused for the
preparation the equation of motion drummer
"UDVQ" after touches to the surface of
pavement [8].

Denote

A=""2 (5)
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Toni Bupaz (4) wmarume BUIISIL — JTiHIAHOL

3aJIEYKHOCTI:
P = Al (6)

[Ipu mamiHHi ygapHHKa, BiAgpasy MICIAsS KOHTAKTY
HOro miZomBY 3 MOKPHUTTSAM, Ha HBOTO Jli€ CHUJa
ONOpY pYyXy, $Ka HE BHYEPIYETHCS TiJIbKH
npyxHoro peakuiero P. Hacnpasni, mae wmicie
CKJIaJIOBA CWIM ONOpYy, WIO 3aleXKHUTh Bij
IIBUJIKOCTI PyXy YAapHHKa BHU3 [8].

Bbyno BupimeHo BpaxyBaTh B S3KICTh, fK
CKJIQIOBY 4acTuHY cmuii N B’SI3KOro omnopy pyxy
ylapHUKa, 1o Ji€ 3 OOoKy JIOPOKHbBOT
koHcTpyKuii (puc. 1) [8].

E
o[

N

Pucynok 1 — Po3paxyHkoBa cxema 0 CKJIaJaHHS
pPIBHAHHA pyXy VyAapHUKAa TPH KOHTAKTI 3
MOKPUTTSAM

s cuna npomopiiiiHa MWBHUAKOCTI Aedopmarii
MIOKPUTTS:

dl
N=c—, 7
ot (7)

e ¢ — Yy3arajJbHEeHUM Koe(IilieHT B’A3KOCTI
JIOPOXKHBOT KOHCTPYKIIii, KM Mae pO3MIpHICTh

H/(m/c) [8].

3a npyrum 3akoHOM HbroToHa:

d?l dl
m—-=—-Al-c—. 8
dt? dt ®)
Taxum YUHOM, 311MCHUBIIH HEeOOX1IH1
MEePEeTBOPEHHsSI  aBTOpoM pobotu [8]  Oymo
OTpUMaHO JliHIHE OJHOpPiNAHE [udepeHIliiiHe
PIBHSHHS  3aTyXalOYMX KOJHMBAHb  JPYroro
MOPSIKY
d?l |
— +2n—+k?% =0 9
dt? dt ®)
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Then expression (4) will have form of a
linear relationship:

P=Al (6)

With falling drummer, immediately after his
sole contact with pavement, it operates
resistance force, which is not limited only
elastic reaction P. In fact, there is a
component of the resistance, that depends on
the velocity of drummer down [8].

It was decided to consider viscosity as part
of the force N of viscous resistance to
movement of drummer, acting by of road
construction (fig. 1) [8].

k
o[

N

Figure 1 — Diagram to compile equation of
motion drummer in contact with pavement

This force is proportional to the deformation
rate of pavement:

dl
N=c—, 7
ot (7

where ¢ — generalized coefficient of
viscosity of road construction, which has the
dimension N/(m/s) [8].

According to Newton's second law:

d?l dl
m— =—-Al-c—. 8
t? dt ®)
Thus, by making the necessary changes by
the author of [8] was obtained homogeneous
linear differential equation of second order
of damped oscillations

d—2|+2n—|+k2I—0 9)
dt? dt
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ac
E w
m
n=—, (11)
3 TaAKUMHU ITOYAaTKOBHUMH YMOBAMM:
dl

t=0; 1=0, —=V =V, 12
o 0 (12)

ne V, — mouatkoBa LIBHIKICTh yJapHHUKa Iepen

NOTUKAaHHSIM 10  TOKpuTTs.  JlogaTtkoBo
npuiiMaemMo: ¢ =0.
Po3B’s3kom piBHSHHES (9) € dyHKIIs

| =C, coskt+C, sinkt. (13)

3 ypaxyBaHHSIM TOro, L0 HIBHJKICTh € IOXIJHA
OCIZIaHHA TIO Yacy, Ta MOYaTKOBUX yMOB (12) mis
IIBUJIKOCTI1 yJIJapHUKa MaTUMEMO BUpa3:

V =V, coskt. (14)

MaxkcumanbHU TPOTWH TOKPUTTA Oyae MaTu
Miclle Tpu MOBHIM 3ynuHIi ynapHuka V =0.
[IpupiHioroun Bupa3 (14) no Hyns, 3Haiinemo
MOMEHT 4acy, KOJH L€ TPAIUIA€ThCA:

T
T=— 15
o (15)

SIkmo BUMIpATH Yac T yaapy, sSKuii Oyae B ABa

pasu OimpImMif, HIXK Yac, BH3HAUEGHUH 3a
dbopmymoro (15):
V4
T=—, 16
" (16)

TO MOJKHA IMIpaxyBaTH BEJIMYUHY TTapameTpa K :

k:

z (17)
.

3 ypaxyBanHsaMm Bupazis (5), (10), (11) matumemo
kiHnesuid  Bupaz  (18) gns  BU3HAYCHHS
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where
k= |2 (10)
m
c
n=—, 11
o 11)
with the following initial conditions:
t=0;, 1=0; ﬂ—V—V (12)
’ "t o
where V, — initial velocity of drummer

before touches to the pavement. Additional
accept: c=0.
The solution of equation (9) is a function

| =C, coskt+C,sinkt. (13)

Given the fact that the rate is the derivative
of subsidence by time and the initial
conditions (12) to speed of drummer will
have expression:

V =V, coskt. (14)

The maximum deflection of pavement will
take place with the full stop of drummer
V =0. Equating the expression (14) to zero,
find point in time when this happens:

T
T==. 15
o (15)

If measure the time z of impact, which will

be twice more than the time specified by the
formula (15):

T=—, (16)

it is possible to calculate the value of the
parameter k :

k=", (17)

T

Given the expressions (5), (10), (11) will
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(aKTHYHOTO MOJYJISI IPYXKHOCTI E :

_Axm(l-u)

E
°D

: (18)

e M — Maca yJIapHHKa, KT;
U — xoedimient [lyaccona;
T — TPUBAJIICTb yaapy, C;
D — miamerp mrammy, M.

®dopmymna (18) mae MOXKIUBICTh BIIMOBUTHUCH Bif
BUKOPUCTaHHA Tpanuuiitaoi dopmynu (1), sxa
BKJIIOYA€ MPYKHUM MPOrWH, A7 BUMIPIOBAHHS
SKOTO HEOOXiTHO BHKOPHCTOBYBAaTH pemepHi
OaNKHu.

TakuM  YWMHOM, OTpPUMaHO
BU3HA4YEeHHSA J1e()OpMATUBHUX
JTOPOXKHIX KOHCTPYKIIiii [9].

HOBUU  crioci0
XapaKTEPUCTHK

3anmpornoHoBaHU CIOCIO J03BOJISE BiIMOBUTHCH
BiJl CKJIaJHHUX OIEpaliid peecTparii CUTHAILY Bin
oOnagHaHHA, [MOABIAHOTO IHTErpyBaHH1,
OTPUMaHHS CEpPEAHBOIO 3HAYCHHS OCITaHHS Ta
PO3PaxXyHKY TUHAMIYHOTO MOMYJS MPY>KHOCTI Ha
OCHOBI IIHOTO OCIJaHHS, IO 3HAYHO CIIPOIIYE
MpolLeC JMHAMIYHUX MITAMIIOBUX BUIPOOYBaHb.

Bennuuny TpuBanocTi ynapy, HeoOXimHy JUIs
oO4McieHHs. (AKTUYHOTO MOJIYJ TPY>KHOCTI
MOKHa JIETKO BH3HAYUTH SK PI3HULIO MDK
abcuucamu A 1 B 3 rpadiky 3anexHocTi
IPUCKOPEHHS yJapHUKA BiJ Yacy, MPHUKIIAJ SKOro
HaBEJICHO Ha puc. 2.
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Yag, ©

Tpucioperas, uf

Pucynok 2 — I'padik 3a1eXHOCTI TPUCKOPEHHS
yJIapHUKa Bij 4acy

binbm  TOYHO  TpPUBAIICTH  yAapy  MOXHa
BH3HAYaTu 3 rpadika 3al1eKHOCTI HaBaHTaKEHHS
BiJI 4acy.
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have the final expression (18) to determine
the actual modulus of elasticity:

B Axm(l- 1)

E
°D

, (18)

where m — mass of drummer, kg;
1 —Poisson's ratio;

7 —duration of impact, s;

D — diameter of stamp, m.

Equation (18) makes it possible to abandon
the use of traditional formulas (1), which
includes elastic deflection, to measure that
requires use of reference beams.

Thus, received a new method of determining
the deformation characteristics of road
constructions [9].

The proposed method allows to refuse of
complex operations on registration signal
from equipment, double integration, get the
average subsidence and calculate the
dynamic elastic modulus on the basis of this
subsidence, which greatly simplifies the
process of the dynamic stamps tests.

The value of the duration of impact, required
to calculate the actual elastic modulus, can
be easily identified as the difference
between abscissas A and B with the graph of
acceleration drummer from time, an
example of which is shown on fig. 2.
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a0 Mx Lo
i

200
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Figure 2 — Graph of acceleration drummer
from time

More accurately, the duration of impact can
be determined with the graph of load from
time.
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BucHoBxu

1. Po3pobmeno HOBHII cmocid BU3HAYCHHS
(haKTUYHOTO MOJYJIS TMPYKHOCTI 32 TPUBAIICTIO

yAaapy.

2. Jlanwii crioci0 Ja€ 3MOTY yIOCKOHAIUTH METOJ
IMHAMIYHMX  IOTAMIIOBUX  BHUIPOOYBaHb  3a
paxyHOK BUKJTFOYCHHS HEOOX1THOCTI
3aCTOCYBaHHs PEIEPHHUX OAJOK, [0 B CBOKO Yepry
MiJBUIIYE TPOAYKTUBHICTh, TOYHICTh Ta OE3MEKY
BHUIPOOYBaHb.
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Penenzentn:

Conclusions

1. Received a new method of determining
the actual modulus of elasticity for the
duration of the impact.

2. This method makes it possible to improve
the method of dynamic stamps tests by
eliminating the need for application of
reference beams, which in turn increases
productivity, accuracy and safety of tests.
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