G19 BYIIBHUITBO TA IUBLILHA IHKEHEPISI / G19 CONSTRUCTION AND CIVIL ENGINEERING

YK 721 DOI:10.33744/0365-8171-2026-119-230-237
UDC 721

KOMIT'IOTEPHE MOJEJIIOBAHHSI TEIIIOBOT'O IIOTOKY IIJIOTOBUX
KOHCTPYKUIU IO IPYHTY BYAIBEJIb JIOTICTUYHOI IH®GPACTPYKTYPU

COMPUTER MODELING OF HEAT FLOW IN FLOOR STRUCTURES ON THE
GROUND OF LOGISTICS INFRASTRUCTURE BUILDINGS

Kyninko €szen Onexcanoposuu, acucmenm xagedpu meniomexniku, Kuigcokuii
HayioHanbHull yHigepcumem Oyoisnuymea i apximexmypu, Kuis, Ykpaina,
e-mail: kulinko.ieo@knuba.edu.ua, mea. +380993254951.

https://orcid.org/0000-0002-8834-3600

Ilozocoe Onexcandp I'puzoposuu, kaHouoam mMexHiYHUX HAYK, OOYeHMm, OOYeHm
Kageopu meniomexuixu, Kuiscokuti HayionanvHull yHigepcumem 0y0ieHuymea i
apximexmypu, Kuis, Yxpaiua,

e-mail: pohosov.oh@knuba.edu.ua, men. +380977883483.

https://orcid.org/0000-0003-2158-8897

IHaciunuk Ilaséno Onexcanoposuu, KanOuOam MexHiYHUX HAYK, OOYeHm, OOYeHMm
Kageopu mennomexuixu, Kuiscokuii HayionareHull yHieepcumem 06y0ieHuymea i
apximexmypu, Kuis, Yxpaina,

e-mail: pasichnyk.po@knuba.edu.ua, men. +380953328242.

https://orcid.org/0000-0001-8499-6949

T'aba Kpicmina Onekciiena, xaHOuoam MmMeXHIYHUX HAYK, OOYeHm, OOYeHm
xagedpu menaomexuixu, Kuiscokuil HayionanvHull yHieepcumem OyOisHUYmMSa i
apximexmypu, Kuis, Yxpaina,

e-mail: tsykal.ko@knuba.edu.ua, men. +380973344028.

https://orcid.org/0000-0003-2201-1408

Hawxkoea Jlapuca Borooumupiena, cmapuuil 6ukiadai KageopumeniomexHiKi,
Kuiscoxuii nayionanvhuti  ynigepcumem 0yoisnuymea i apximexmypu, Kuis,
Ykpaiua,

e-mail: pashkova.lv@knuba.edu.ua, mer. +380500212320.

https://orcid.org/0009-0001-2056-6090

HayxkoBuii xxypHan « ABTOMOBUIbHI JOPOI'Y I JOPOXHE BYIIBHULITBO», 2026. Bumyck 119.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), https://arrcjournal.org.
Scientific journal «kKAUTOMOBILE ROADS AND ROAD CONSTRUCTION», 2026. Issue 119.

230


https://arrcjournal.org/
https://orcid.org/0000-0001-6011-5609
https://orcid.org/0000-0001-6011-5609
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X
https://orcid.org/0000-0002-8239-065X

G19 BYIIBHUIITBO TA IUBLILHA THXKEHEPISI / G19 CONSTRUCTION AND CIVIL ENGINEERING

AHoTanisi: Metoro poOoTH € po3podka KOMIT FOTEPHOI MOJIENI TETIOBOTO IOTOKY MiAJIOTH 110 TPYHTY
3 ypaxyBaHHSM PaJiOreHHOTO MOTOKY 3€MIIi JUIA OIIHKH eHeproe(heKTUBHOCTI Oy IiBETbHUX KOHCTPYKIIIN. Sk
00'€KT MOJICNIOBaHHS PO3TIAJAETHCS MPSAMOKYyTHa OETOHHA IUIMTA MiJUIOTH, PO3MILeHA Ha TIPYHTI, 3
MOJKJIMBUM TEPUMETPAILHUM YTEIUICHHSIM CMYTOIO YTEIUIIoBada, JIe BPaxOBYIOThCS TEIUIOMPOBIAHICTh
MaTepiajiB, TeMIeparypa BHYTPIIIHBOTO TIOBITPSl Ta IPYHTY, a TAKOXK CTaI[ilOHApHWN ABOBHMIPHHUH IpoIiiec
Terionepenadi. byno mpoanamizoBaHO iCHYIOWI MiAXOAW MO YTEIDICHHS WiAJOT Ha TIPYHTI 3TiIHO 3
YKpaiHCBbKUMH Ta €BPONECHCHKUMH HOPMAaTHBAMHK, a TaKOX 3allpONOHOBAHO NPHUHLIWIHN YHUCETHFHOTO
MOJIETIIOBAaHHS 3 BUKOPHCTAHHSIM METOIY CKIHUEHHHX PIi3HHUIIb Ta ITEPAIiifHOTO PO3B'S3aHHS IS PIBHAHHS
TETUTOTIPOBITHOCTI 3 3MIHHUMH KoedimientaMu. [locTtaBieHa MeTa OCITAeThCs MUITXOM PO3B’sI3aHHS 3a1ad
MO/JICJIIOBAHHSI [TOJISl TEMIIEpaTyp y TUINTI, yTEIUTIOBaYi Ta IPYHTI 3 ypaxyBaHHSIM I'PaHUYHUAX YMOB, F€OMETpil
OyaiBIi Ta TEIUIOTEXHIYHUX XapaKTEPUCTUK MaTepiaiiB, IO JO3BOJIAE OLIHIOBATH TPAHCMICIHHI TETJIOBTPATH
JUTA Pi3HUX IMUPHWHU yTeruieHHs. [ 3pydHOTO 3aCTOCYBaHHS 3alpOIIOHOBAHOT MOJEN HAa MPAKTHUIN CITiJ
BBOJIUTH JIOJIATKOBI MapaMeTpH, sIKi yMOXKJIMBIIOIOTH OOJIIK Pi3HUX THIIB IPYHTIB, TOBIIUHM yTEIUIIOBaya Ta
C€KOHOMIYHOI ~ JIOIIJIBHOCTI  3aXOidiB, 3 OOOB’S3KOBMM BpaxyBaHHSAM HOPMAaTHBHHX BHUMOI  JIO
eHeproe(eKTUBHOCTI OyniBenb JIOTiCTUYHOI iHGpacTpykTypu. HaliBaxnuBimmMu pesynbTataMud €
po3pobneHa 2D-Mopens Terionepenadi, Ska MiATBEPIKYE KOHIICHTPAIIID TEIUIOBTPAT y KPailoBHX 30HAX
MiAJIOTH Ta IEMOHCTPYE 3HWKEHHS BTpaT Ha 20-25% npu nmepuMeTpanbHOMY YTEIUICHHI IMUPUHOIO 2-3 M, a
TaKOX CIIBBITHOCHICTh 3 imkeHepHuMH MeToqukamu 3a JJCTY EN ISO 13370:2022 ta JICTY 9190:2022.
3HAYUMICTh OTPUMAHHX PE3YIBTATIB MOJISTAE B TOMY, 1[0 3aCTOCYBaHHS 3alIPOITOHOBAHOI METOUKH JI03BOJISIE
HE JIMIIE ONTHMI3yBaTH YTCIUICHHS JJIs OYyIiBeNb 3 BEIUKWMH IUIOIIAMH IJUIOT HA TPYHTI, IiJBUIIATH
eHeproeeKTUBHICTh Ta 3MEHIIUTH EHEPrOCIIOKUBAHHS, aje ¥ CIYryBaTH OCHOBOIO [JISi OHOBJICHHS
HOPMAaTHUBHUX CTaHJAPTiB, OCOOIUBO MPH PEKOHCTPYKIIii ICHYFOUHX 00’ €KTIB.

KarouoBi cioBa: TemionpoBifHICTh, TMiJJIora Ha TIPYHTI, TEIUIOI30JIALIS; KpaioBa 30HA,
MepUMEeTpaIbHE YTEIUICHHS, YUCEJbHE MOJCITIOBAHHS, METOJ] CKIHYCHHUX PIi3HHIIb, CHEPrOCEKTUBHICTD,
OyxiBmi noricTiaHOi iHQPACTPYKTYPH.

Beryn. [pu po3po0ii TemnoBoi 00010HKH Oy 1iBiIi BC1 30BHIIIHI OTOPOHKYBAIbHI KOHCTPYKIIii MalOTh
OyTH yTeIUIeHI 3 METOI JOCATHEHHS SK €HEPreTHYHHX IMOKA3HWKIB CIOXHBAHHS €HEprii BHYTPIIIHIMH
IH)KeHEePHUMH CHCTeMaMu OyJIiBII [Tl JOCATHEHHs 0a)XaHOTo Kilacy eHeproedekTuBHOCTI OyaiBm [1] Tak i
3a0e3rneueHHsT KOMGOPTHUX YMOB JJjisi TiepeOyBaHHS JIOJAWHU Oifisi BHYTPINIHIX I[TOBEPXOHb 30BHIIIHIX
OTOPOJKYBAJIbHUX  KOHCTPYKWid [2]. 3rigHO yKpaiHChKMX HOpMaTHBIB [2, 3] mNpoeKTyBaHHA
OrOpOKYBAJbHUN KOHCTPYKLIH HAampaBJeHHS Ha JOCSITHEHHS MiHIM&JIBHO JOIYCTHMOIO —OIOpY
Terionepenadi [2] ta MiHiMi3alii BIUIMBY MICTKIB Xoyiomy. ICHYIOTB pi3HI MIXoAw IS JOCATHEHHS
eHeproedexkTuBHOCTI OyaiBimi [4] 1€ 1 MiHIMI3aMis 00CATy TPAaHCMICIHHUX BTPAT TEIUIOTH, TOOTO 301IbIICHHS
TOBIIMHM TETUIOBOi i30SIl Ta aBTOMATH3allil IHXEHEPHUX CUCTeM OYIiBIi i3 MOBHHM YH YaCTKOBHM
3aCTOCYBAaHHSIM QJIBTEPHATUBHUX Ta BiJHOBIIOBAJIBHUX JKEPEN €HEeprii, HampKuiaja TEIUIONOCTadaHHsS Bif
TerIoBux HacociB [5]. [yxke 4acTo i3 BpaxXyBaHHSIM MOIEPEAHBOTO JOCBIY MPOEKTYBAHHS BiIOYBAETHCS
HEXTYBaHHS YTEIUICHHSM KOHCTPYKIiH, IO KOHTAKTYIOTh i3 IpyHTOM. Hampuknan, eBponeichbkuil miaxif
MPOTIOHYE KOPUCTYBATHUCS MPABUIIOM «MapKepay, 110 BUMAara€ HEpO3pUBHOCTI KOHTYPY YTEIUICHHA Ha BCIX
MOBEPXHSIX OYIiBIi, 10 KOHTAKTYIOTh 13 HABKOJUIIHIM CEPEeIOBHILEM, B TOMY YHCII i3 TPYHTOM, a He JIUIIE i3
30BHIIIHIM TOBITPAM. SKIIO Ui KUTIOBHUX OyJiBeNb i3 MiAJIOrol0 Ha TPYHTI HE BUHHMKA€E IMUTAaHb B
HEOOXIAHOCTI YTEIUIEHHS, TO IJIsi IPOMAJCHKHX TaKi HPOLECH CYNPOBOIKYIOTHCS AMCKYCISIMH CTOCOBHO
JOLITBHOCTI TAKUX 3aXO0JiB. [ BEIMKHUX TOProBeNbHUX LEHTPIB JIE€ TOCUThH BEJIMKI IO MiAJIOT HA IPYHTI
BUHHUKA€E MHUTAHHS €KOHOMIYHOI JOIUIBHOCTI YTEIUICHHS BCI€l IUIOIIMHHU IMiJJIOTH, 10 BUMaraerhcs [3] sk
000B’s13k0Ba yMOBa 1 00cs31 He MeHme 50 MM yTemmoBaya. IIpo Te mpu JOCTaTHRO BENMKHUX IUIOMIAX Ta
TEOMETPUYHHX TapaMeTpax IIMPUHU Ta JOBXUHH MiAJOTOBUX MOKPHUTTIB, II0 XapaKTEPHUM EJIEeMEHTOM
JOTICTUYHUX OyJiBeNb TPaHCHOPTHOI 1HQPACTPYKTYpH (SK-TO CKIANiB MaTepialliB, HEHTPIB JIOTICTHKH,
MEePEeBANOYHUX ITyHKTIB) HEOOXIJHO IMpOaHaNi3yBaTH YTEIUICHHS JIUINE MEPUMETPAbHUX 30H MiJUIOT, SIK
3po0pakeHo Ha PUCYHKY 1, uepes siki BigOyBatoThCs HAlO1Ib1I 00CATH TPaHCMICIHHUX TEIIOBTPAT.
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Pucynok 1 — Cxema yTerieHHS KpailoBO1 30HHM MAJIOTH HA TPYHTI [6, 7]
1- mrap miguTory; 2 — rOPU3OHTAIBHE TETIOI30/II0BaHHS;, 3 — cTiHa yHaaMeHTy; dn — ToBIIMHA
yTemioBaya; D — mmpuHa yTerieHHs
Figure 1 — Cheme of edge-zone insulation of a floor on the ground [6, 7]
1 —floor layer; 2 — horizontal thermal insulation; 3 — foundation wall; d, — thickness of
insulation; D — width of insulation.

Buknaa ocHoBHoro marepiany. OO'ekToM Mozeni € TiUIora 1O TIPYHTY OYAiBIl Yy BUIIISII
NPSIMOKYTHOI OeTOHHOI MiHMTH po3mipamu Xi Ta Xy y miaHi Ta TOBIIMHOIO Dpet MM. Ilnuta posmimiena
0e3nocepeIHkO Ha IPYHTI, piBEHB MIJIOTH CITiBIIaJac 3 piBHEM IpyHTY. [lo mepumeTpy muTy Ha mpUHY Lins
YTETIEHO CMYTOIO i3 MHOMOIiypeTaHy TOBIIMHOIO Dins, IKa BIacHe pO3MIlIeHa ITiJ] OETOHHOIO ITUTOI0 (MK
0eToHOM Ta TpyHTOM). TakuM YMHOM, LIEHTpalbHa HEyTEIUIEeHa YaCTHHA IUTUTH Mae po3Mmipu (X1 - 2-Lins) ¥
(X2 - 2-Lins), e Teruio mepenaeThes O€3M0CepeIHbO Yepe3 OETOH 10 IPYHTY, a B IEPUMETPAIbHUX 30HAX -
Yyepe3 OETOH Ta yTeIUTFoBaY BiIOBITHO.

TemrmiepaTypa noBiTpst BcepeanHi Oy 1iBimi (BepXHBOI MOBEPXHI IJIUTH) MPUHAMAETHCS NOCTIHHOIO
Tin = 20 °C. Temmepatrypa rpyHTy Ha rnubuni 10 M mpuiimaetscs ans cnpouieHHs pisaoto 10 °C [8, 9].
TeruonpoBiaHicTh TpyHTY 0ueBUAHO (A, BT/M-K) 3Ha4HO 3a7€XUTh Bif THITY IPYHTY, BOJOTOCTI, IIIITBHOCTI
Ta iHIMX (AKTOPiB, TAKMUX SIK TemIepaTypa Ta ctad. Hukue HaBeneHO Tabnumio 1 3 TUIIOBUMH YUCIOBUMHU
3HAYCHHSIMH.

Tabnauysa 1 — I1oxa3HUKA TETUTOMPOBITHOCTI JUTA JESIKUX THITIB IPYHTIB
Table 1 — Thermal Conductivity Indicators for Some Types of Soils

. . Hacuuennii/Bonoruii cran Hxepeno
Tun rpyHTy Cyxuii cran (B1/m°K) (Br/mK) AHIX
ITicok (sand) 0.3-0.4 (min. 0.3, make. 0.9) | 1.4-2.4 (macuuennii: 2.0-3.0) [10]
I'pagiii (gravel) 0.4 (min. 0.4, makc. 0.9) 1.6-2.5 (nacuuenmii: 1.8) [10]
I'muna/myn (clay/silt) 0.4-0.5 (min. 0.4, makc. 1.0) 1.1-3.1 (macuuenwmii: 1.8) [10, 11]
CyTrnuHOK/AepHOBHUH )
(till/loam) HEMae TaHuX 1.1-2.9 (tunose: 2.4) [10]
0.4-0.7 (macuuenwmii: 0.55;
Topd (peat) 0.05-0.2 nesmepanuit: 0.25-0.6) [10,12]
Himani rpynma (sandy 0.25-0.6 0.7-2.0 [11]
soils) ) ' S
I'munwmcri rpynTH (clayey 02506 055-1.15 [12]
soils) ' ' ' '
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TakuM dYHHOM 3arajdpHUM Jianma3oH st OuTbmmocTi TpyHTIB crtaHoButh 0,15+2,5 Br/MK y
MpUpOIHOMY CTaHi. B Monemi npwuitaaro 3HadeHHs 1 Br/m-K.

[pouec Temnonepeaayi NpeaCcTaBUMO SIK CTalliOHAPHUN Ta JBOBUMIpHUH (BpaxoByeMO O1YHUI MOTIK
TeIUla B TUIMTI Yepe3 pi3HHUII0 B TEPMIYHOMY OMOpi B LEHTpi Ta mo mepumeTpy). ChpouryeMo MoOAeb,
BUKJIFOUAIOYM 3 MOJEJIi KOHBEKILIIO TOBITPS Ta BBA)KAIOYM IUIUTY TOHKOKO IOPIBHSHO 3 T'OPU30HTAJIBHUMHU
po3mipamu, ane BpaxoBytoun 2D-edekT B mepepisi (Hanmpukiam, mo oci X-z, 1€ X - TOPU30HTAIBHAN HAIIPSIMOK,
Z - BEepTUKAIBHUH Yepe3 TOBIIMHY MUTH). [IpumyckaeMo, mo B HampsMKy Xz MoJelb Oe3KiHeuHa, TOMY
PO3IIISIa€EMO IBOBUMIpHY 3a1ady.

IIpn KOMIT'FOTEpHOMY MOJETIOBaHHI TEIUIOMPOBITHICTh OETOHY Apet NPHUIMAETHCS BiIIMTOBITHOIO
tunosii (2,04 Br/(m-K)). TennonpoBiaHicTh yTeIUmIOBava Ains - SIK U1 miHonomiypetany (0,025 Bt/(m-K)).

Mogens TOBHHHA BpaxOBYBaTH BIUIMB TPYHTY, NPEACTaBIAIOYM WOTO SIK HAIiBIOPOCTIp 3
TETUIOMPOBITHICTIO Asoil (TUTIOBE 3HAYEHHS I TPYHTY sIK omnucaHo Bumie — 1 B1/(m-K)). ['pyHT oTOuye Ty
3HU3Y Ta 3 00KiB. PiBeHb MOBEpXHi TPYHTY CHiBHaja€c 3 piBHEM BEpPXHbOI BiAMITKY minTH. [loBepxHs rpyHTY
no3a OyziBiero npuiiMaeThes piBHOIO Tout.

KoopannatHa cuctema: z = 0 — BepxXHs IMOBEPXHS IUIUTH Ta IMOBEPXHS IPYHTY 1032 OyAiBiIeIo, Z —
iHBepTOBaHa Ta 301IbIIYETHCS BHU3; X = 0 — HEHTp MTH (CUMeTpist), X = X1/2 — Kkpaii mmTH. Moens —
N3epKajbHa.

Mopenb BU3HaY€Ha Ha MPOMDKKaX:

. Bberonna mmra: 0 < x < X1/2, 0 <Z < Doet, A = Apet.
. VremmoBau: (X1/2 - Lins) < x < X1/2, Dpet < Z < Dpet + Dins, A = Ains.
. I'pyHT: 0 < X < Xmax (Xmax >> X1/2), z > 0 (3 BUKITIOYEHHSIM 001acTel TUTUTH Ta YTEIUTIOBAYA),

A = Asoil. B xoMIT 10TEpHIN MOen TPUAMAETHCS Xmax = 10-20 M, Zmax = 10-20 m.
PiBHSHHS 111 CTaliOHApHOI TETUIONMPOBIAHOCTI 3 3MIHHOIO TEIUIOMPOBIAHICTIO B YCiX 00JIACTIX
OIHUCY€EThCS HACTYIHUM YnHOM [13]:

i (,1 aT) + 2 (,1 aT) =0 (1)
ox\"dx)  0z\" az/)
ne A(X, Z) - TEeTTONPOBIAHICTE MaTepiany 3aaexHo Big obmacti (A_bet, A ins abo A_soil).

I'paHr4HI yMOBH NIPEACTAaBUMO HACTYITHUM YHHOM:

. Ha BepxHiit moBepxHi (z = 0): 0 <x < X1/2: T = Tijp = 20 °C (TemnepaTypa B IPUMIIICHHI);
X > X1/2: T = Tou = -22 °C (m0BepXHsI IPYHTY 11032 OYIiBICIO).

. Ha Benukiit rubuHi (z = Zmax): T = Tou (cTabinbHa TeMIeparypa TpyHTY, IPHAMAEMO IS
mozeni 10 °C).

. Ha Benukiit ropusoHTanbHii BigcTani (X = Xmax): T = Tout.

. Cumerpis npu x = 0: 0T/0x = 0 (agiabaTHuUi IpoLec /1 3SMEHIIEHHS TeOMETPUYHUX PO3MIpiB
MOJIEITI).

3acTocoByeMO MeTO/ ckiHueHHUX pi3HuIlb (finite difference method), a came #ioro pizHOBUI — METO
CKIHUCHHHX PIi3HHMIIb 3 iTepariiauM po3's3koM (Successive Over-Relaxation) [14] s piBusiaas V- (A VT) =
0. Hduckpernzyemo piBHSHHS Ha ciTii (Harmpukian, nx X nz = 100 x 200 TOYOK), OTpUMABIIH TIPH I[LOMY
cucremy JniHiitHEX piBHsHE AT = b, ne T — BekTop Temmeparyp y By3nax citkd. Poss'szoxk T = A7 b
oTpuMy€eMO dHceNbHO (Ko uist cepenosuiia SciLAB 2025.1.0 nHaBeneHo B 101aTKy 0 CTATTi).

Jns npuknany npuiiMaemo uncioBi 3HaueHHs: X1 = Xz = 10 M (tutoma 100 M?), Dpet = Dins = 0,1 M,
Lins = 1 M, Apet = 1,4 B1/(M-K), ins = 0,025 B1/(M-K), Asoit = 1,0 B1/(m°K).

YucenbHuil po3B's30K jgae mosie Temmepatyp T(X, z). A 3aranbHa TeruioBTpaTa Q OOYUCITIOETHCS
OYEBHIHO SIK iHTErpas MOTOKY TeIJla Ha BEPXHid MOBEPXHi ITUTH:

0.5X aT
Q=f0 (—/‘Lbet& )dx-Z-Xz )
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Jie MHOXHHMK 2 BPaxoBY€ IIOBHY LIMPHHY, MHOXXHHUK
X2 — IOBXHHY IUTUTH B MIEPIICHIUKYISIPHOMY HAIPSMKY MOJEITI.

Jnst mOBITBPHHUX 3HaYSHB TApaMETPiB MOJIENTb MOYKHA TIepepaxyBaTH YicenbHo. [ mepeBipku poooTH
KOMIT FOTEpHOI MO/IeJi MOXKHA ITPOBECTH 1HKEHEPHUH PO3paxyHOK, BUKOPUCTOBYIOUYH alipoOOBaHi eMITipHYIHi
dhopmyiu [6, 7]. Po3paxyHku 1o HaBeIeHil 1HKCHEPHIH METOMIN TAal0Th CXOXKI1 Pe3yIbTaTH 10 KOMIT FOTEPHOT
mozemi (Tabmurs 2).

Bisyaunizaris momnis temrepatyp (pUCyHKH 2, 3) BKa3yIOTh Ha (hi3UUHY 3aCTOCOBHICTh 3aITPOIIOHOBAHOT
KOMIT FOTEPHOI MOJIEIII.

Po3znoain Temneparyp T(x, z), °C

z, M (BHK3)

Pucynok 2 — Posnofiin TeMrnepaTypHUX TOJIB [IPH YTEIUICHHI CMYTH TUTUTH HIUPHHOO 1 M
Figure 2 — Temperature field distribution in the edge zone of a 1-m-wide floor slab with
insulation

Posnoain Temneparyp T(x, z), °C

Z, M (BHM3)

Pucynox 3 — Poznonin TemMrepaTypHUX MOJIIB MPH yTEIUIEHHI BCi€l MIIOMMWHY TUTATH IiAJIOTH
Figure 3 — Temperature field distribution with full-area floor slab insulation
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Taénuya 1 — PesynpraT po3paxyHky mozedi i po3paxyHskis 3rigao ACTY EN ISO 13370 ta
JCTVY 9190

Table 1 — Results of model calculation and calculations according to DSTU EN 1SO 13370 and
DSTU 9190

. _ Hacwuenwmii/Bonoruit ctan Jxepeno
Tun rpyHTY Cyxwuii ctan (Bt/m-K) (Br/mK) AHIX
ITicok (sand) 0.3-0.4 (min. 0.3, make. 0.9) | 1.4-2.4 (nacuuenuii: 2.0-3.0) [3]
I'pasiii (gravel) 0.4 (min. 0.4, makc. 0.9) 1.6-2.5 (nacuuenmii: 1.8) [3]
I'munra/myn (clay/silt) 0.4-0.5 (min. 0.4, makc. 1.0) 1.1-3.1 (macnuenmii: 1.8) [3, 4]
CyInHOK/AepHOBHUHA )
(till/loam) HEMa€ JaHuX 1.1-2.9 (tunoge: 2.4) [3]
0.4-0.7 (macuuennii: 0.55;
Topd (peat) 0.05-0.2 He3mepanmit: 0.25-0.6) [3, 5]
[Mimani rpysTH (sandy 0.25-0.6 0.7-2.0 [4]
soils) ' ' T
I'muaucTi TpYHTH (clayey 0.25-0.6 055-1.15 [5]
s0ils) ' ' ' '

Bucnorku. [IpoBeneHe uncenbHe MOCTIOBAHHS TEIUIONPOBIIHOCTI MiJIOTH 10 TPYHTY MiATBEPIUIIO,
0 HAWOUTBI TEIJIOBTPATH 30CEPEKYIOTECA caMe y KpaloBUX AUMSHKAX (pucyHKH 2, 3). 3aCTOCyBaHHA
YTETUIEHHSI CMyTaMy IAPHHOIO 2-3 M MiJ{ TUTUTOI B JUISHKAX ITiJ] 30BHIITHIMU CTIHAMH TO3BOJISE 3HU3UTH
TEIUIOBI BTPAaTH Kpi3b KOHCTPYKWi0 Ha piBHI 20-25 % 0e3 HeoOXimHOCTI CyLIIBHOTO YTEIUIEHHS BCi€l
IUTOLLIMHY HiUIOTH.

Pozpobnena 2D monens Temmonepenadi 3 ypaxyBaHHSIM HEOQHOPIIHOI TEILTONMPOBIAHOCTI TO3BOIISE
OIIIHIOBATH TEIJIOBI MOTOKHM 3 YpaxXyBaHHSM Pi3HHX THUMIB TPYHTIB, TOBIIMHHU YyTEIDTIOBA4a Ta T€OMETpii
OyxiBmi. OTpuMaHi pe3yJbTaTH € CIIBBIIHOCHUMH 13 pe3ylbTaTaMH OTPUMAHHMH 33 IHXEHEPHUMH
MeToIuKaMu [6, 7], 1110 MiATBEPKYE KOPEKTHICTh YUCEIIbHOT MOJIEIII.

st OyniBesnb 3 BEIMKUMU Ta OCOOIMBO BEIMKUMH TUTONAMH IT1JJIOTH Ha TPYHTI, SIKUMH € SIK TIPaBHJIIO
OyJiBII JIOTICTUYHOT iHPACTPYKTYpHU, MAE OYTH CHHTE30BAaHUI KOMOIHOBAHUIM MiIX1J1 i3 BAOOPOM TOBIIUHU
Ta IMUPUHHA IEPUMETPATBHOTO YTEIUICHHS i/IJIOTH 13 BpaXyBaHHSM TEIUIOTEXHIYHUX XapaKTepHUCTHK [2, 3] Ta
E€KOHOMIYHHX TTOKa3HUKIB.

3amponoHoBaHa METOJMKA, OYEBHIIHO, Ma€ BUIILY TOYHICTH PE3yJbTaTiB PO3PaxXyHKiB, OCKUIBKH
BPaxOBY€E TEIUIONPOBIIHICT, MACHBY I'PYHTY il KOHCTPYKIII€IO MiJJIOTH Ha BiAMiHY BiX MeToaukH [6, 7] Ta
Mae OyTH B3sITa 32 OCHOBY JUIsl OHOBJICHHSI YHHHUX CTaHIAPTIB IS pO3POOKH MPOEKTHOT foKyMeHTanii. Takuii
miaxin Oyae ay’e akTyalbHUAM JUIS ICHYIOUUX OYIiBeNb MpH KalliTalbHOMY PEMOHTI YW PEKOHCTPYKIIi, /e
HEMae MOKIIMBOCT] YTEIUTIOBATH BCIO TUIOINLY ITi/ITOTH.
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Summary. The purpose of this work is to develop a computer model of heat flow in a floor on the
ground, taking into account the radiogenic heat flux of the Earth, in order to assess the energy efficiency of
building structures. The object of modeling is a rectangular concrete floor slab placed on the ground, with
possible perimeter insulation by a strip of thermal insulation. The model considers the thermal conductivity of
materials, the temperature of indoor air and soil, as well as a steady-state two-dimensional heat transfer process.
Existing approaches to floor-on-ground insulation were analyzed in accordance with Ukrainian and European
standards, and principles of numerical modeling using the finite difference method and iterative solution for
the heat conduction equation with variable coefficients were proposed. The stated goal is achieved by solving
the problem of temperature field simulation in the slab, insulation, and soil, taking into account boundary
conditions, building geometry, and the thermal characteristics of materials, which makes it possible to evaluate
transmission heat losses for different insulation widths. For convenient practical application, additional
parameters should be introduced to account for different soil types, insulation thicknesses, and economic
feasibility, while ensuring compliance with energy efficiency requirements for logistics infrastructure
buildings. The most important results include the development of a 2D heat transfer model that confirms the
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concentration of heat losses in the edge zones of the floor and demonstrates a reduction of 20-25% in losses
with 2-3 m wide perimeter insulation. The model also shows consistency with engineering methods according
to DSTU EN ISO 13370:2022 and DSTU 9190:2022.

The significance of the obtained results lies in the fact that the proposed methodology allows not only
to optimize insulation for buildings with large ground-floor areas, improving energy efficiency and reducing
energy consumption, but also to serve as a basis for updating regulatory standards, particularly during the
renovation of existing facilities..

Keywords: hermal conductivity, floor on the ground, thermal insulation, edge zone, perimeter
insulation, numerical modeling, finite difference method, energy efficiency, logistics infrastructure buildings.
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