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Extensive use of solar panels for providing low-rise buildings with electricity has led to the
development of methods for assessing the load-bearing capacity of solar panels, taking into account the size of
the panel, the angle of inclination to the horizon and climatic loads in a given geographical area.

The solar panels are calculated as plates hinged along the contour. Self-weight loads of the panel, snow,
wind and ice loads are determined according to DBN B.1.2-2: 2006 "Loads and impacts" and are reduced to a
component that is normal to the plane of the panel. Working formulas were obtained for determining the extreme
and operational design values of loads, checking the strength and deflection of panels, as well as the maximum
allowable spans according to the criteria of strength and structural rigidity. An example of calculation of solar
panels placed at angles of inclination to the horizon from 15° to 75° on the roof of a building in Kropyvnytskyi
were performed. Strength checks should be performed on combinations of panel self-weight, snow and
maximum wind pressure. Deflection check at small angles of panels inclination is carried out taking into account
the same combination of loads, and at big angles of inclination - taking into account only ice load. In all cases,
the condition of rigidity is decisive. Permissible span L (smaller size) of a solar panel with 3 mm tempered glass
sheathing in the conditions of Kropyvnytskyi varies from 0.68 m to 1.36 m. It increases as the angle of
inclination increases and as the B/L ratio approaches to 1. The allowable span varies by 13...16% with length
ratio of the larger side of solar panel to the smaller one in the range from 1.4 to 2.0. This allows to take the
values of the allowable span, corresponding to the ratio of the parties B/L=2.0 in order to simplify the safety
margin.

The obtained working formulas and their implementation in the form of a calculation sheet in Microsoft
Excel allows to perform similar calculations for other source data. Further research focuses on the establishment
of allowable spans of solar panels of typical design in the conditions of each of the regions of Ukraine.
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[Topi1BHAHHS METO/IIB PO3PAXYHKY TNIUTHUX
(yHIaMEHTIB 3 ypaxyBaHHSAM PE3YJIbTATIB 1H)KEHEPHO-
r€OJIOTTYHUX BHUIITYKYBaHb Ta T€OJEC3UYHUX
CIIOCTEPEKEHD 32 MPOLIECOM MPOCITAHHS

Ha mpukmami ¢yHZaMEHTY TiI CHJIOC 3€PHOCXOBHINA Yy BUIJLIAI KPYTJIoi 3ami300€TOHHOI IUTHTH
nmiamerpom 20,4 M BUKOHAaHE MOPIBHSHHS TPbOX METOMIB PO3PaXyHKY OCIAaHHS CYIUJIbHUX IUIMTHUX
¢ynnamenTiB. Po3paxyHKH 3a MOJEIUIIO IUIMTH Ha IPYXXHIM OCHOBI Ta 3a MOJEIUII0 O0'€MHUX CKIHYEHHHX
CJIEMEHTIB JaJId cepelHi 3HaueHHs ocimanus 2,15 cm ta 2,4 cMm, 6imu3bki 10 daktuuHoi Benmmunad 1,75 cwM,
OTpUMaHOI 3a pe3yJbTaTaMH HATYpPHUX TeO/IC3WYHUX CIOCTEPEXKEHb, IO BEIUCS 3 MOYaTKy OyiBHHUIITBA
00'ekry. PernameHTOBaHMH UYMHHUMH HOpPMaMH IIPOEKTYBaHHS pO3pPaxyHOK 3a METOJOM IIOIIapOBOTO
MiJICYMOBYBAHHS J1aB Pi3K0 3aBUIICHUI pe3ynbraT 13,7 cm.

NJIMTHI yHIaMeHTH, OCiTaHHsI, METOIH PO3PAXyHKY
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IMocranoBka npodaemu. CydacHi CBITOBI TCHJICHIIIT 10 301IbIIICHHS BUCOTH OY/TiBEIb
1 CIIOPY/ Y KOMILJIEKCI 3 OCBOEHHSIM TEPUTOPIH 3 HECTIPUSITIUBUMHU 1HKEHEPHO-TEOJIOTTYHUMU
yMOBaMH OOYMOBIIIOIOTH JIOLIbHICTh BUKOPUCTAHHS (DYHIAMEHTIB y BUTJISAL CYIUIBHUX
3amizobetonnux 1wt [1, 2]. Taki ¢yHmameHTH, HpU MOPIBHSIHO HEBEIMKIN TOBINMHI Ta
IMOMHI 3aKJIaJIeHHs, MPOCTOTI TEXHOJOTIYHOTO TPOLECY BIANITYBAaHHS, MAlOTh IepeBaru
HI0JI0 Tepeadi 3HAYHUX HAaBaHTaXKeHb HaBITh Ha cla0Kl IPYHTH, a TaKoXK 3a0e3MeuyroTh
JOTPUMAHHS KOHCTPYKTHBHHX BHUMOT MIOJ0 HE3MIHHOTO B3a€MHOTO ITOJIOKCHHS €JIEMEHTIB
OyiBesb BUCOKOTO KJIaCy BiamoBiganbHOCTI [3].

Oco06muBoOi akTyaabHOCTI HAOyBalOTh MUTAHHS TNPOEKTYBaHHA (YHIAMEHTIB IS
WTHIPUYHUX CHOPYJ arpolpOMHUCIOBOrO KOMIUIEKCY, 30KpeMa CHIJIOCIB 3€PHOCXOBHII
[4,5]. OropomkyBaiibHa METAJOKOHCTPYKI[SI CHJIOCY 3EPHOCXOBHUINA 33 BaroBUMH
MOKa3HMKAaMH CITIBPO3MipHa 3 Baroio 3epHa [6], Tomy 3amizodeTonHa mmTa GyHIaMEHTY, M0
€ TO CyTi JTHOM CHJIOCY, IPEJCTaBIsiE COO0I0 PIBHOMIPHO 3aBaHTaXeHHWH MUCK. KiacudHo
(byHIaMEHT y BUIJISAL CYLUIbHOT 3a11300€TOHHOT IUIMTH PO3IJISAEThes K Kpyria B IUIaHi
IUINTAa HAa TPYXKHIM OCHOBIL. J[pyruM poO3paxyHKOBUM TOJOKEHHSM ISl JAHOTO TUIUTHOTO
(GyHIAMEHTY € TOPOXHIi CHIIOC, MPH IBOMY IUIHTA (PYHJAaMEHTY 3aBaHTa)KCHA JIUIIE TI0
nepumerpy. Pobora miautu QyHIAMEHTY MOXKE HaraayBaTH HH3bKOYAaCTOTHE PEBEPCUBHE
nedhopmyBaHHS MEMOpaHH, 10 CTUCHEHA 10 mepuMeTpy. Lle mpu3BoauTh 10 HEOOXITHOCTI
BUKOHAHHS JIOCHTh CKIQJHMX PO3PAaXyHKIB B3a€EMHOTO PEBEPCHBHOIO HAMPYKEHO-
neOpMOBAaHOTO CTaHy OCHOBH 1 camoro rmiutHoro (ysmamenty. [Ipomec mpoekTyBaHHS
ICTOTHO YCKJIQJHIOETHCSA TPU HEOJHOPIAHMX Ta HEY3TO/KEHUX IPYHTOBHUX HaIIapyBaHHSIX
OCHOBH B MeXax OY/iBEJIbHOTO MaiaHuYWKa, [I0 BHSABIEHI B peE3yNbTaTi iHKEHEPHO-
TeO0JIOTIYHUX BUIIYKYBaHb.

AHagi3 ocTtaHHiX AochaizkeHb i myOJikaniii. 3rigHO 3 BUMOramMM YHHHUX HOPM
NpOeKTyBaHHs [7], ocHOBH Ta (hyHIAMEHTH PO3PaxXOBYIOTHCS 32 METOJOM TPAHHUYHHUX CTaHIB.
l'onoBHa MeTa pO3paxyHKY OCHOB 3BOJMTHCS O BUKITIOUEHHS HAATO BEIHKHX, Y TOMY YHCII
HEpIBHOMIPHHUX, OCilaHb (yHAAMEHTIB, fAKI MOXYTb TMpHU3BECTH 10 JehOopMyBaHHS,
MIOUIKO/DKEHHST a00 pyiiHyBaHHs OyniBIi 4M CHOPYIH, fKa OOMUpaeThCsl HAa (pyHIAaMEHT.
['paHMYHO AOMYCTHUMI 3HAYEHHS OCigaHp pisHuX (¢GyHgamentiB Hasemeni B JIBH [8].
Knacnuna wmeroauMka BHU3HAUEHHS OCiTaHHA (YHIAMEHTIB TIOJIITa€ Yy BHU3HAYCHHI
BEPTUKAIbHUX JedopMalliii JTOCTaTHRO TOHKUX IIApiB TPYHTY, PO3MIIICHUX Ha PI3HINA
rmmbuni. OcigaHHs (QyHAaMEHTY MOpIBHIOE CyMi nedopmariii ycix mapiB Bif MiJOIIBU
byHaaMEHTY 10 TIMOMHM 3aTyXaHHs edopmartii.

Bimomo [2], mo rpyHTH B OCHOBax OaraThbOX CIHOPYI, OCOOJHBO B CKJIAIHHUX
1HKEHEPHO-TEOJOTIYHIX YMOBAaX Ta MPHU BEIMKUX HABAHTAKEHHSX, JOCUThH YACTO MPALIOIOTh
3a Mexero JiHiiHoro aedopmyBaHHs. Lle BUKIMKae HEOOXIIHICTH PO3PAXYHKY CHUCTEMHU
"OynaiBisa-GyHIaMEHT-OCHOBA' Ha OCHOBI MMOJIOKEHb HEJIIHIMHOT MEXaHIKH IPYHTIB.

HeoOxigHicTh 3acTOCyBaHHS HENMIHIMHMX MIAXOAIB TPH BUPIMIEHHI CKIAQTHUX
reOTEXHIYHUX 3a/1a4 OOTpYyHTOBaHA B CTATTAX [4, 5], Ie aKIEHTY€EThCS yBara Ha HEOOXiTHOCTI
ypaxyBaHHsI MEPEeMIlIeHb OCHOBH 3a PaxXyHOK IUIACTUYHUX JepopMaiiil IpyHTY, OCOOIUBO
NP aHaJli3l 3CyBHUX MpolieciB Ha cxuiax. KoMiiekcHe 3acToCcyBaHHS HENHIMHUX METOMIB
pazoM 3 METOJOM CKIHYEHHHX EJIEMEHTIB JO3BOJISA€ MiJBUIIUTH €(EKTUBHICTh MPOESKTHUX
pillIeHb.

B pob6oti [2] mokazaHo, 110 MakcHMaibHE HAOIMKEHHS MaTEMAaTHYHOI MOJEN 0
peaNbHUX YMOB 1 HalKpaie MO€HAHHS HAIIHHOCTI Ta €KOHOMIYHOCTI MOYKHA JOCATHYTHU 32
pPaxyHOK BHUKOPHCTAaHHS HETIHIHHUX METOAIB PO3paxyHKiB, M0 0a3ylOTbCs Ha pIIICHH]
Npy>XHO-TUTACTUYHUX 3a7ad. OnxHa 1 Ta JK pPO3paxyHKOBAa MOJAETb IPYHTY JO3BOJISIE
PO3IJISIHYTH TpPaHW4YHI CTaHW JIBOX TPYN Ta BU3HAYUTH HANpyKeHO-Ae(pOopMOBaHUN CTaH
KO’KHOI TOYKM OCHOBHM 3 YpaxyBaHHSAM 3aJaHMX (I3MYHHX yMOB, a TakKoX Mopdoorii,
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reoJIorii, TiAPOreoJiorii, (QUIBTPAIIHHOTO THUCKY, JWHAMIYHUX HABAaHTAXKEHb Ta I1HIIAX
(dakTopiB. 3B'I30K MDK IUIaCTUYHUMHU JePOpMaIlisiMH Ta HANPY)KEHHSIMH B OCHOBI
BiZjoOpakaeThest AUepeHIiHHUME PIBHAHHSAME, BUOIp SKUX BU3HAYAETHCS BUJIOM TPYKHO-
IUIACTUYHOI MOJIEII.

B po6Goti [4] mokazaHo, 110 BU3HAYEHHS OCiJaHb HAa OCHOBI MOJEJCH JHIHHO-
nehopMOBaHOTO CEepPEeOBHINA TPU3BOIUTH JI0 3aBUIIIEHHS pealbHUX OcimaHb y 2,3...2,5 pazu
1 THM caMUM OOYMOBIIIOE€ BHCOKI 3alacd HECyd4oi 3/1aTHOCTI OCHOBH. HemiHiiHI pimieHHs
IPOMOHYEThCSI  peali3yBaTH 4YMCEIbHUMH METOJAaMM, 30KpeMa METOJOM CKIHYEHHHMX
esleMeHTiB. MOXIIMBICTh TakuX pillleHb peaii3oBaHa B MpoOrpaMHOMY KomIuiekci Structure
construction automatic design (SCAD)++[9].

Binbi npocTMu MOAETSAMH, SIKi JO3BOJISIIOTH IIEBHOIO MIpOIO BPaxyBaTH HEIHIHHICTh
pobOTH TPYHTOBOI OCHOBM € MOJEN IUIMT Ha TPYXHIA OCHOBI 31 3MIHHUMH
xapakrepuctukamu [10]. XapakTeprCTUKH OCHOBU 3aJal0ThCsi 4Yepe3 KOoe]illieHT MoCTeli,
KM XapaKTepu3ye poOOTy IPYHTY ITiJ] HABAHTAKEHHSIM Ta BU3HAYAETHCS OKPEMO IS KOYKHOT
30HH OCHOBH.

Oco0nMBO aKTyaJlbHUM € YTOYHEHHS pO3paxyHKIB OCHOB IiJi CYLIJIbHI IUIUTHI
(yHIAMEHTH 3HAYHUX pO3MIpIB, Y MeXax SKUX HEOOXiTHO aJeKBaTHO YpaxyBaTd SsK
OPUPOJIHY MIHIMBICTh XapaKTEPUCTHK OCHOBH, TaK 1 1e()OpPMaTUBHICTh CAMOTO (PYyHIAMEHTY.
JlocBin npoekTyBaHHS [5] mokasye, o iCHYI04i METOAM PO3PaxXyHKIB IUIMTHUX (yHIaMEHTIB
MOXXYTb JIJaBaTH Pi3HI pe3yJbTaTH, 3HAYHOIO MIPOIO BIIMIHHI BiJ] EKCIIEPUMEHTAJILHUX JTAHHX.

ITocTanoBka 3aBaaHHs. 3'sICyBaTH 3aKOHOMIPHOCTI 1 OCOOJIMBOCTI CHIJIBHOI pOOOTH
IUIMTHOTO (YHJAMEHTY 1 TPYHTOBOi OCHOBH, IOCIITUTH BIUIMB aHi30TpOIi IPYHTIB Ha
HaTNpyXeHO-1e(pOopMOBaHUN CTaH OCHOB IUIMTHUX (YHAAMEHTIB, 3'ACyBaTH OCOOJMBOCTI
BU3HAYEHHS PO3PAaxXyHKOBOTO OINOpPY OCHOB IUIMTHUX (YHIAMEHTIB, pPO3POOUTH METOX
BU3HAUEHHS OCIJaHb OCHOB IUIMTHUX (YHIAMEHTIB 3a JaHMMU KOPOTKOCTPOKOBHX
reoIe3NYHIX BUMIDIB.

O06'ext nmocaigxenns. [lopiBHSHHS METOMAIB PO3paxyHKy 3[iHCHEHE Ha MpPUKIAIl
(yHIZAMEHTY TIiJ CHITOC 3epHOCXOBHIIA 06'eMoM 8841 M°. DYHIAMEHT BUKOHAHMIT Y BHTTIS
KpyTJ10i 3ai300eToHHOT Ty Aiamerpom 20,4 M 1 ToBuuHOIO 0,8 M, 3araubIIeHoil B IPYHT HA
1,1 m. Jlnsg yCTaHOBKH CTajeBOi KOHCTPYKIII CHJIOCY BHUIIE IMOBEPXHI IPYHTY BIJIAIITOBAaHA
Apyra miuTa ToBIMHOW0 600 MM 3 KOHCTPYKTUBHUM apMyBaHHSM, sIKa OJHOYACHO CIYXHTb
JqHUIIEM cuiiocy. [IpocTip MK IIMTaMu 3allOBHEHUI yTpaMOOBaHUM (hpakIiifHUM mieOeHeM.
CxeMa BEpPTHKAJIBHOTO Iepepidy (pyHIaMEHTy 3 TEOJOTIYHUM pO3Pi30M I'PYHTOBOI OCHOBH
300pakeHa Ha pUCyHKY 1.

+0,800 240,000

N
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T
|

;\J
Pucynok 1 — Cxema ¢yHIaMeHTHOT IUIMTH Ta OCHOBH MiJ] cuitoc emHicTio 8,841 THe. M
Joicepeno: poboui KpecieHHs 3epHOCX08UUd.
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Metoauka i pe3yibTaTH iHKE€HEPHO-Te0JIOTIYHUX BMINYKYBaHb. 300paX€HUI Ha
puCyHKy 1 reoyioriyHMiA po3pi3 MOOyJOBaHO 3a pe3yJbTaTaMU I1HXXEHEPHO-TEOJOTIYHUX
BUILYKYBaHb, BUKOHAaHUX 3riiHOo 3 BuMmoramu JIBH [11]. ¥V mpormeci BuirykyBaHb B 30HI
PO3MIIIIEHHS 36pHOCXOBHINA OyIu MPoOypeHi CBEPIJIOBUHU IITHMOMHOI Onm3bko 10 M, 3 skux
BiOWpanmucs 3pa3ku IpyHTIB ocHOBH. OTpuMaHi 3a pe3yjbTaTaMH BUIPOOYBaHb TEXHIUHI
XapaKTEPUCTUKU TPYHTIB HaBeJeHI B TaOuIl 1, a 1X Mo3HAYEHHS Ta TOBIIMHM IIapiB BKa3aHi
Ha pucyHKy 1. HasiBHI IpyHTH MOXYTh OyTH BHUKOPUCTaHI B SIKOCTI NPHPOJHOI OCHOBH, a
HABEJICHI TEXHIYHI XapaKTePUCTUKH 3a0€3MeUyI0Th MOXKJIMBICTh BHKOHAHHS PO3PaxyHKIB
ocimanHs (yHIAMEHTY BIIOMHUMH METOJaMH, SKi OOpaHi [UIsi BUKOHAHOTO HIDKYE
MOPIBHSJILHOTO aHATI3Y.

Tabmuis 1 — TexHiuH1 XapaKTEPUCTHKU IPYHTIB OCHOBU CHUJIOCY

HailimenyBanHs IMutoma| Moayns | Moayns | Koediui- | Koediui- |Tuck nepe-
Bara, |aedopma-| Ipy>KHOCTI, €HT |€HT Nepey-| YIIUIbH.,
te/m® | nii, To/m? Tc/M? [TyaccoHa|nriibHeHHS Tc/M?

| — HacumHMIA map 2 2500 20833,333 0,35 1 5
Il — cyrnmuHOK 5K0BTO- 1,68 820 6833,333 0,35 1 5
Oypuii, necornoaioHmi

[l - cyrmuHok maneso- | 1,72 870 7250 0,35 1 5
JKOBTH, JIECOIMOAI0HNUI

IV - cyrnuHok Oypui, 1,8 1000 8333,333 0,35 1 5
JIECOTIOIIOHUHA

IV(B) - cyrnuHOK 1,837 570 4750 0,35 1 5
Oypwii, 1econoniOHu

V - cyrimuHoK xoBTHH, | 1,91 570 4750 0,35 1 5
BOJOHACUYCHUHU

VI - runHa Oypa, 2 2200 18333,333 0,42 1 5
HETpOoCiTHa

Licepeno: pospobneno asmopamu

Po3paxynok 3a moge/uto Binkiepa. Lls momens mpeacraBisie o000 TUTMTY Ha
npy>XHil OCHOBI 3 kKoedimientom mocteni. Koedinient ctucuenns C 3B'si3ye IHTEHCHBHICTb
BEPTUKAJILHOTO BIAMOPY TIPYHTY 3 HOro ocimaHHsaMm. Ha migcTaBi reoJIOTIYHMX JaHUX 3
Tabmaumi 1 BCTaHOBJIEHO, IO JUIA PI3HUX 30H MiJOIIBU (PyHAaMEHTY Koe(illi€eHT MOoCTeni
3MiHIO€THCS B Takux mexax. C =0,07...1215 Ve,

OcimanHs pi3HUX 30H MigomBH (YyHIAMEHTY BHU3HaueHi B Mmoxyni «Kpoce»
nporpamuoro komiuiekcy SCAD Office. Ilpu cymapHoMmy HaBaHTaXeHHI Ha (yHIAMEHT
2741 1c ocigaHHs pi3HUX 30H ¢yHIaMeHTy 3MiHOThes Big 0,37 cm mo 4,75 cm mpu
cepeaaboMy 3HadeHHi 2,15 cm. ToBimuHa 1eOPMOBAHOTO IIAPy OCHOBH CTAaHOBHTH 12,24 M.

Posnoninu koedimienta nocreni C Ta BeIMYUH OCIaHHS MO MifomBI (QyHIaMEHTY
BiZOOpakeHi Ha pUCYHKax 2 1 3, Je OuThbIIi 3HAYEHHS BiJOOPaKAIOTHCS OLTBII TEMHHUM
KOJIbOPOM. 3 pPHUCYHKIB BHJHO, IO B HAampsMKYy BiJl LEHTPY A0 Kparo (QyHIAMEHTY
Koe(iIieHTH TOCTeNl 3pOCTaloTh, a OCIIaHHA 3MEHIIYIOThCA. [CTOTHE 3MEHIICHHS
KOE(]IiL€HTIB MOCTENI CIIOCTEPIraeThCsl TAKOXK Y 30HI 30BHIIIHBOTO KOHTYPY (YHAAMEHTY.
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[AunanasoHbl TIM3 [OvanasoHsbl (
0,068 - 75,981 0,372 - 0,64
75,981 - 151,895 . 0,645 - 0,91
151,895 - 227,809 0,919 - 1,19
227,809 - 303,722 1 1,192 - 1,46
303,722 - 379,636 | 1,466 - 1,73
|| 879,636 - 455,549 [ 1739-201
——————1| 455,549 -531,463 1 2012-2.28
[ 531,463 -607,376 [ 2.286-2,55
I 607,376 - 683,29 T P 2559-2,83
Bl 683,29 -759,204 B  2833-310
Bl 759,204 - 835,117 B 3.106-3,37
I 835.117-911,031 Bl 3.379-365
Il 911,031 -986,944 I 3653-392

Il 986,944 - 1062,858 B 3926-42

I 1062858 -1138,771 B 42-4473
Il 1138,771-1214,685 B 4473-474

Pucynok 2 — Koediuient nocreni C Pucynok 3 — Ociganust GpyHIaMeHTy
Locepeno: pospobaeno agmopamu Iicepeno: pospobaeno asmopamu

Po3paxyHoK 32 MOZE/LII0 00'€MHHX CKiHYEHHHX eJIeMeHTIB. [pyHTOBa OCHOBa
MPEACTaBICHA y BUIJISLAI JTIHIKHO-AE()OPMOBAHOTO APy CKIHYEHHOI TOBIIUMHH. Y CXEMYy
BBeJCHI 6 BepXHIX MmapiB, 300pakeHUX Ha PHCYHKY 1, HIDKYE SKHX IPYHT BBaKAETHCS
HECTUCIMBUM. Po3Mipu Mozeni B IUlaHi OOMEXEHI HUIIXOM BKIIOYEHHS 10 PO3PaxyHKOBOI
CXeMH MacHuBY IPYHTY, BIJJJaJIEeHOrO He OUIbIIe HIXK Ha MIBTOPH TOBIIMHHU J1e(hOPMOBAHOTO
mapy ocHoBu. st pyHIameHTty, 300pakeHOro Ha PUCYHKY 1, pO3IIISIHYTO TPYHTOBHM MacuB
y dhopmi napanenernineaa 3 po3Mipamu B miaHi 40.4x40.4 m. Po3paxyHkoBa cxema IpyHTOBOT
OCHOBH 300pa’keHa Ha PUCYHKY 4, a HEOOXiJHI AT pO3paxyHKiB XapaKTEPHUCTUKU TPYHTIB
HaBeneHi B Tabaui 1.

Iaura A 1038
.Y EATaANm ﬂ E = 20833 T/m"2
IT'E-2 E = 6833 T/m™2
ﬂ " B i562 -41.29 -15,32 -10.98
I'E-3 ) £-7250 T2 Bl 4129 3696 | 10,99 -6,86
- t - 3696 -3263 | 6,66 -2,33
IIE~4 ﬂ E= 8333 T/m"2 -'32,63 28,3 -_2‘3:3 2,0
ITE-5 E = 4750 Thr'2 283 -2397 |20 633
ﬂ. -23,97 -19.65 (633 10,66
ITE<6 ﬂ E= 18333 T/w2 -19,65 -1532 [l1066 14,99
Pucynok 4 — Cxema OCHOBH JUISl pO3paxyHKy 3a Pucynok 5 — JlepopmMoBana cxeMa IpyHTOBOT OCHOBH
METO/IOM CKiHUEHHHX €JIEMEHTIB ]| IDTUTHUH pyHIaMEHT
,Z]ofcepeﬂol p03p06ﬂ€H0 asmopamu ﬂg;cepeﬂo: po3po6f1eH0 asmopamu
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Mopuens (puc. 4) chopmoBana B cepenosuiii nporpamuoro komruiekcy SCAD Office
Ha OCHOBI O0'€MHHX CKIHYCHHHMX €JIEeMEHTIB KyOiuHOi (opmu. CTaTHUHMIA pPO3paxyHOK
po3po0ieHoi Mojeni BUKOHAaHMKA B JIHIHHIM mMocTaHOBLI. Y pe3yibTaTi pO3paxyHKY
BCTAHOBJICHI TIEPEMIIIEHHS] OKPEMHX CKIHYCHHHX €JIEMEHTIB Ta 3arajibHa JaedopMOBaHa
cXeMa IPyHTOBOi OCHOBHM, HaBe/eHA Ha PUCYHKY 5. OcimanHHs (yHIAMEHTY B Pi3HHX 30HaX
3miHTECA Bij 0,23 cm 10 4,56 cm nipu cepeiHbOMY 3HadYeHHi 2,4 cM.

Oxpim TOTO, 32 pe3yabTaTaMH PO3paxyHKy OTPUMaHi peKOMEHAAMii MO0A0 apMyBaHHS
Kpyrioi (QyHIaMEHTHOI IUTMTH METaJeBOr0 CHJIOCY, MpeAcTaBieHl y ¢Gopmi 130M0JIiB
HEOOX1HOT Mol epepizy podoyoi apMaTypH Ha METP LIUPUHH IUTUTH.

Po3paxyHOK 3a MeTOAOM MOLIAPOBOr0 MiJICyMOBYBaHHS. IpyHTOBa OCHOBa
PO3IISINAETbCA AK JiHIHHO-1ehopMOBaHN HamiBIpoOCTip. TeXHIYHI XapaKTEPUCTHKU YCIX
mapiB IPyHTY MPUKAHATI 3T1AHO 3 Tabmmnero 1. O6uucienHs ocimanHs GyHIaMEHTY 3T1IHO 3
BkasziBkamu JIBH B.2.1-10:2018 [8] peanizoBane B cepenosuiii Microsoft Excel 3a Bizomoro
MeTo UKo [4].

Jlnst BUKOHAHHS PO3paxyHKy TOBILA IPYHTOBOT OCHOBH 10 TiuOuHu 12,1 M posninena
Ha 26 mapiB ToBmuHO0O 40 cm Ta 50 cMm. Y pe3ynbTari po3paxyHKy OTpHMaHE OCITaHHS
¢bynnamenTHoi muTH piBHE 13,7 cM, siIke MOXKHA BBa)KATH MAKCHMAIbHUM 3HAUYEHHSIM IIO
yciil miomBi pyHIaMEHTY.

HatypHi reoge3myHi cmocrepe:keHHsi 3a ocizaHHsiM. J[ng aHanizy BHKOpHCTaHi
JlaHl, OTPMMaHI 1HCTHUTYTOM «YKpPTeHNpoeKT», M. KuiB 1Mo crocTepexeHHIO 3a OCiIaHHIMU
IUINTHUX (QYHIAAMEHTIB JEKIJIbKOX CHUJIOCIB AJsi 30epiraHHs 3epHa B M. KpONMBHMIIBKHIA:
cuIIoC JuTst 36epiranHs 3epHa MicTkicTio 8841 M° Ta cuoc uts 30epiraHHs 3epHa MiCTKIiCTIO
6390 >, CriocTepeskeHHs 3a ocimanasMu [12] Benucs 3 mouatky OyaiBHHIITBA 00'€KTIB 1 70 1X
crabumizamii. Penepu ans HiBemoBaHHS OyiM pO3TAlllOBaHI B MICIAX, MIO 3a0€3MEYYyIOTh
HE3MIHHICTb MMO3HAYKH perepa MPOTIroM BChbOTO TEPMiHY CIIOCTEpEkeHb. DaKkTUUHE CepeHe
OCIZIaHHSI OCHOBHU CIIOPYHM 3a mepioj] crnoctepexenHs ckiano 17,5 mm (Bix 11 mo 24 mwm).
AHaJi3 JTaHUX CIOCTEPEKEHb IOKa3ye, IO OCiTaHHA (YHIAMEHTIB CHUJIOCY TNPAKTHYHO
cTalimi3yBajrcs, HEpiBHOMIPHICTh OCIJJaHb HE TMEPEBUIIY€ JTOMYCTHMUX BEITHYNH.

BucHoBkn. [lopiBHSHHS pe3ysbTaTiB pO3paxyHKy ocCimaHb (YyHIAMEHTY IOKa3allo,
110 BpaxyBaHHS I€OJIOTTYHUX OCOOIMBOCTEH OCHOBH € BU3HAYAJIBLHUM (DAaKTOPOM IIPH aHai3i
HJAC dynmamenty. Lleir ¢gakTop iCTOTHO BIIMBAaE Ha IMEpPEMINICHHS BY3MiB (QyHIAMEHTY 1
HANpY>KCHHS B KOHCTPYKTUBHUX €JIEMEHTAX.

[TopiBHAHHS pe3ynbTaTiB OCigaHHA (YHIAAMEHTY TIOKa3ajld HACTYIHI 3HA4YEHHS:
MOJIeJIb Ha TPYXKHI OCHOBI 3 BHU3HAYEHUM KoedilieHToM mocteni — 4,75 cMm; Monenpb Ha
MPY’KHIM OCHOBI 3 BUKOPUCTAHHSIM O0'€MHUX CKIHUYEHHUX eJIeMeHTIB — 4,56 cM; ocilaHHA 3a
nedopMmarnismu  ocHoB  3rimHo  JIBH B.2.1-10:2018 — 13,7 cM; peanpHi reoje3nyHi
CIIOCTEPEKEHHS — 2,4 cM.

AHaunizyoun crnocoOu BpaxyBaHHS OCHOBH, MOKHA 3pOOUTH BHCHOBOK, 1[0 MOJIENb 3
BUKOPUCTAHHSIM KOE(IIIEHTIB TOCTEI BIAPIZHAETHCA MPOCTOTOIO peati3allii, B TOW 4ac 5K
MOJIeJIb KOHCTPYKIIii 3 OCHOBOIO 3 00'€MHHMX CKIHYCHHUX €JIEMEHTIB OlIbII TPYJAOMICTKA, ane
JIO3BOJIIE 33 JIONIOMOTOI0 J1e()OPMOBAaHUX CXE€M 3 OUIBIIOI TOYHICTIO CIHPOTHO3YBaTH
MOBEJIHKY KOHCTPYKLIi B peaJbHUX TEOJIOTIYHHX yMOBaXxX i3 3aJaHMMU HaBaHTaKEHHSIMH.
Metox momapoBoro mijgcymMoByBaHHs, periamenToBanuii /IBH B.2.1-10:2018, mae pi3ko
3aBHIICHI 3HAYEHHS MPOCiJaHb, MOPIBHSHO 3 NMEPIIMMHU JIBOMA METOAaMu. Pe3ynbraT 10ro
PO3paxyHKy ICTOTHO MEPEBHUILYIOTh peajbHI 3HAYECHHS MPOCiJaHb, BU3HAUYEHUX HATYPHUMH
T€0JIC3UYHUMHU CITIOCTEPEIKCHHSIMHU, 1 THM CaMUM CTBOPIOIOTH HAJMIPHI 3amacu HaJidHOCTI
IpY IPOEKTYBaHHI (pyHIaMEHTIB.
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Comparison of Methods for Calculating Slab Foundations, Taking Into Account the

Results of Geotechnical Surveys and Geodetic Observations of the Subsidence Process

Increasing the height of buildings and structures in combination with the development of areas with
unfavorable geotechnical conditions cause the use of foundations in the form of solid reinforced concrete slabs.
In complex geotechnical conditions and under high loads, the soils can work beyond linear deformation. This
necessitates the calculation of the system "building-foundation-soil** based on the assumptions of nonlinear soil
mechanics. The issue of designing foundations for cylindrical structures of the agro-industrial complex, in
particular granaries, is especially relevant. The task of this study is a comparative analysis of different methods
for calculating the subsidence of slab foundations to select a rational model of deformation of the soil.

The comparison of calculation methods is carried out on the example of the foundation under the
granary with a volume of 8841 m®. The foundation is made in the form of a round reinforced concrete slab with a
diameter of 20.4 m. The characteristics of the soil are established by the results of geotechnical surveys. The
calculation according to the Winkler model (elastic base plate with one coefficient of subgrade reaction) was
performed in the "Cross" module of the SCAD Office software package. With a total load on the foundation of
2741 tf, its average subsidence is 2.15 cm. The calculation according to the model of three-dimensional finite
elements of cubic shape was performed in the environment of the SCAD Office software package. The average
subsidence of the foundation is 2.4 cm. The calculation by the method of layer-by-layer summation according to
the instructions of DBN B.2.1-10: 2018 gave the subsidence of the foundation slab equal to 13.7 cm. The actual
average subsidence of the foundation during the observation period in different areas of the foundation was
1.1... 2.4 cmand averaged 1.75 cm.

The comparison of the analyzed methods for determining the subsidence of the foundation indicates the
closeness of the results of calculations on the model of the slab on an elastic basis and the model of three-
dimensional finite elements to the actual value of subsidence and the greatly higher result of the calculation by
layer summation. The use of the latter method leads to excessive reliability in the design of foundations.
slab foundations, subsidence, calculation methods
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