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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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[Top1BHAHHS METO/IIB PO3PAXYHKY TNIUTHUX
(yHIaMEHTIB 3 ypaxyBaHHSAM PE3yJIbTaTIB 1H)KECHEPHO-
I'€OJIOTTYHUX BUIIYKYBaHb Ta I€OAC3UYHUX
CIIOCTEPEKEHB 32 MPOLIECOM MPOCITaHHS

Ha npuknanmi ¢GyHIaMEHTY IiJ CHIIOC 3€PHOCXOBHINA Y BHUIJISAI KPYIJIOl 3ai300€TOHHOI IUIMTH
nmiamerpom 20,4 M BUKOHaHE MOPIBHSHHS TPbOX METOMIB PO3PAXyHKY OCINaHHS CYLUIBHUX IUTMTHHX
¢ynnamenTiB. Po3paxyHKH 3a MOJEIUIIO IUIMTH HA IPY)KHIM OCHOBI Ta 3a MOJEIUII0 O0'€MHUX CKIHYEHHHX
eJIEMEHTIB Jai cepenHi 3HaueHHs ocimaHHs 2,15 cm ta 2,4 cMm, Omu3bki 10 ¢akTuyHOi BenmmywHA 1,75 oM,
OTPUMaHOI 3a pe3ylbTaTaMH HATYPHUX TEOAC3MYHUX CIIOCTEPEKEHb, IO BENUCA 3 IMOYATKy OyIiBHUIITBA
o0'exty. PeriaMeHTOBaHWII YHMHHUMH HOpPMAaMM IIPOCKTYBaHHS pPO3PaxXyHOK 3a METOAOM IOIIapOBOTO
MiICYMOBYBaHHSI JIaB Pi3K0 3aBHIICHUH pe3ynbratr 13,7 cm.

IUINTHI (pyHIaMeHTH, OCiAaHHs, METOAH PO3PAXYHKY
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IHocTanoBka npo6Jjemu. CydacHi CBITOBI TEHAEHIIIT 10 301IbIIEHHS BUCOTH OY/IiBEIb
1 CTIOPY/T Y KOMIUIEKCI 3 OCBOEHHSIM TEPUTOPINA 3 HECTIPUATINBUMH 1HKEHEPHO-TEOJIOTTYHIMHU
yMOBaMH OOYMOBIIIOIOTH JOLIIBHICTE BUKOPUCTaHHSA (PyHIAMEHTIB Yy BHIVIAAL CYLIIbHUX
samizobetonnnx mwuT [1, 2]. Taki (yHIaMeHTH, MPHU MOPIBHSIHO HEBEJIMKIN TOBIINMHI Ta
INIMOMHI 3aKJaJleHHs], TMPOCTOTI TEXHOJOTIYHOTO TPOILECy BJIAIITYBAaHHsS, MalOTh IMEpeBaru
I0JI0 TIepefavl 3HAYHUX HABAaHTAXKCHb HABITH HA CIaOKI TPYHTH, a TaKOX 3a0€3MeuyroTh
JOTPUMAHHSI KOHCTPYKTHBHHUX BHMOT IIIOJI0 HE3MIHHOTO B3a€MHOTO TIOJOXKEHHS €JIEMEHTIB
OyiBesb BUCOKOTO KJIacy BifmoBigaasHOCTI [3].

Oco06muBoOi akTyanbHOCTI HaOyBalOTh MUTAHHS TNPOEKTYBaHHA (YHIAMEHTIB s
WIHJIPUYHUX CHOPYJ arporpoOMHUCIOBOrO KOMILIEKCY, 30KpeMa CHIJIOCIB 3E€PHOCXOBHII]
[4,5]. OropomkyBaibHa METAJOKOHCTPYKISI CHJIOCY 3C€PHOCXOBHINA 33 BaroBUMH
MOKa3HMKAMM CITIBPO3MipHa 3 Baroio 3epHa [6], Tomy 3amizo0eTonHa tumTa GyHIaAMEHTY, 110
€ TIO CyTI JIHOM CHJIOCY, TPEICTaBIsie cOO0I0 PIBHOMIPHO 3aBaHTaKeHWH TuUCK. KimacuaHo
byHIAMEHT y BUIIISIAI CYHITIBHOT 3a7i1300€TOHHOI TUTMTH PO3IIISIIAETHCS K KPyTia B IUIaHI
IUTUTAa HAa TPYXKHIH OCHOBI. J[pyruM pO3paxyHKOBHM TOJIOKEHHSM JJIsi JTAHOTO TUTUTHOTO
byHIaMeHTy € TMOPOXHIM cuioc, Mpu LbOMY IIUTa (QyHAAMEHTY 3aBaHTa)KE€HA JIMIIE IO
nepumetpy. Pobora mautu QyHIAMEHTY MOXKE HaraayBaTH HH3bKOYAaCTOTHE pPEBEPCHUBHE
nedopmyBaHHS MeMOpaHH, IO CTUCHEHA 10 mepumMerpy. Lle mpu3BoauTh 10 HEOOXITHOCTI
BUKOHAHHS JIOCUTh CKJIAQJHUX PO3PAaxXyHKIB B3a€MHOTO PEBEPCHUBHOIO  HAIPYKEHO-
ne(OpMOBAaHOTO CTaHy OCHOBHM 1 camoro IuTHoro dyHaameHTy. [Iporec mpoexTyBaHHS
ICTOTHO YCKJIQJHIOETHCS TIPU HEOJHOPIAHMX Ta HEY3TOMKEHUX TIPYHTOBHX HAIIaPYBaHHSIX
OCHOBM B MEXax OyIiBEbHOTO MaWJaH4YMKa, IO BHUSBICHI B pPE3yibTaTi 1HXKEHEPHO-
TeOJIOTIYHHUX BUIIYKYBaHb.

AHali3 ocTaHHIX A0CJimKeHb i myOjikamiii. 3riqHO 3 BUMOraMyM YWHHUX HOPM
NPOCKTYBaHHS [7], OCHOBH Ta ()yHIaMEHTH PO3PaxOBYIOThCS 32 METOJIOM TPAHUYHUX CTaHIB.
["onoBHA MeTa pO3paxyHKY OCHOB 3BOAMTHCS 10 BUKIIOUEHHS HAJATO BEJIUKHUX, Y TOMY YMCII
HEpIBHOMIPHHUX, OCiaHb (YHIAMEHTIB, SKI MOXYTh TPHU3BECTH 10 AeopMyBaHHS,
MOIIKO/DKEHHS a00 pyiHyBaHHs OyAiBIlI YW CIOPYIH, sKa OOMHpaeThcs Ha (yHIaMEHT.
I'pannvHO nomycTHMi 3HAuYeHHs OCiAaHb pi3HUX (¢yHAaMeHTiB HaBeneni B JIBH [8].
Krnacuuna wmeronMka BU3HAYCHHsI OCiIaHHA (yHIAMEHTIB TMOJSTaE y BHU3HAYCHHI
BEPTUKAJIBHUX JedopMaliidl JOCTaTHHO TOHKUX IApiB IPYHTY, PO3MIIIEHUX Ha pi3HIN
rmbuni. OcinanHs (QyHIaMEHTy IOpiBHIOE cymi nedopmariiii ycix ImapiB BijJ ITiIOIIBA
dbyHIaMeHTy 10 TIMOMHY 3aTyXaHHs aedopMarlii.

Bimomo [2], mo rpyHTH B OCHOBax 0araThbOX CIIOpPYJ, OCOOJHMBO B CKJIaJHHX
1HKEHEPHO-TEOJIOTIYHIX YMOBAaX Ta MPHU BEIIMKUX HABAHTAKEHHSX, JOCUTH YACTO MPAIIOIOTh
3a Mexerw JiHiiHoro AedopmyBaHHS. lle BHKIMKae HEOOXITHICTH PO3PAXYHKY CHCTEMH
"OyniBnsi-(hyHIaMEHT-OCHOBA" HA OCHOBI TIOJIO’KEHB HENIIHIMHOT MEXaHIKH IPYHTIB.

HeoOximHICTh 3acTOCYBaHHS HENIHIWHUX TIIXOMIB TPH BHPIMIEHHI CKJIATHUX
TEOTeXHIYHUX 3a]au OOTPYHTOBaHa B CTAaTTAX [4, 5], e aKIeHTyeThCs yBara Ha He0OXiJHOCTI
ypaxyBaHHsI TIEPEMIIIEHh OCHOBH 3a PaxXyHOK IIACTUYHHUX Jedopmariiid rpyHTY, 0COOIUBO
IpY aHaJli3l 3CYBHUX IMpOLECiB Ha cxmiax. KoMIuiekcHe 3acTocyBaHHSA HENIHIMHUX METOJIIB
pa3oM 3 METOJIOM CKIHYEHHUX EJIEMEHTIB J03BOJISE MiJBHINUTA €(EKTHUBHICTh MPOSKTHUX
pillICHb.

B po6ori [2] noka3aHo, 0 MakcHMMaibHE HAOIMKEHHS MAaTeMaTHYHOI MOJENi JI0
peaslbHUX YMOB 1 HaMKpallle MOeqHAHHS HAIIHHOCTI Ta eKOHOMIYHOCTI MOKHA JOCATHYTH 32
paxyHOK BHMKOPHCTaHHS HENIHIMHUX METOJIB PO3paxyHKiB, 10 0a3yloThCcs Ha pilICHHI
NPy XHO-TUTACTUYHUX 3amad. OgHa 1 Ta K pO3paxyHKOBAa MoOJeldb IPYHTY JO3BOJISIE
PO3TIISIHYTH TPaHWYHI CTaHU IBOX TPYIN Ta BHU3HAYUTH HANpy’KeHO-Ae(POpMOBaHMIA CTaH
KOKHOI TOYKM OCHOBHM 3 YypaxyBaHHSM 3aJaHuX (I3UYHHX YMOB, a TakoX MOpQoJorii,
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reoJiorii, TiAporeosiorii, GiABTPAIIHHOTO THUCKY, AWHAMIYHUX HABAaHTAXECHb Ta I1HIIMX
dakTopiB. 3B'A30K MDK IUIACTUYHHMH JepOopMaIlisiMd Ta HANPY>KEHHSIMH B OCHOBI
BiZjoOpaxaeThCsl AU(EepeHUIHHUME PIBHAHHSAMH, BUOIp SKUX BHU3HAYA€THCS BUAOM MPYKHO-
IUIACTUYIHOI MOEII.

B po6Goti [4] mnokazaHo, 10 BU3HAUEHHS OCiJlaHb HAa OCHOBI MOJEJICH JHIKHO-
ne(hOpMOBAHOTO CEepPEIOBHINA MTPU3BOIUTH JI0 3aBUIIIEHHS pPeaIbHUX Ocilanb y 2,3...2,5 pa3u
1 TUM caMUM OOYMOBIIIOE€ BHMCOKI 3aliac HECyd4oi 31aTHOCTI OCHOBH. HemiHiiHI pimneHHs
NPOTIOHYETHCSI  peali3yBaTH YHCEIbHUMH METOJaMH, 30KpeMa METOJOM CKIHYeHHUX
esleMeHTIB. MOXIIMBICTh TakuX pillleHb peaii3oBaHa B MpOrpaMHOMY KomIuiekci Structure
construction automatic design (SCAD)++[9].

Binpi npocTuMu MOZENSAMHY, SKi JO3BOJISIIOTH IIEBHOIO MIPOIO BpaxyBaTH HeNiHIHHICTh
pobOTH TPYHTOBOI OCHOBM € MOJENl IUIMT Ha TPYXKHIK OCHOBI 31 3MIHHUMH
xapaktepuctikamu [10]. XapakTepuCTHKH OCHOBH 3aJal0ThCs uepe3 KOCQII[IEHT MOCTei,
KU XapaKTepu3ye poOOTY IPYHTY ITiJ] HABAHTAXKEHHSIM Ta BU3HAYAETHCS OKPEMO TSI KOJKHOL
30HU OCHOBH.

Oco0MMBO aKTyallbHUM € YTOYHEHHS pO3pPaxyHKiB OCHOB TiJ] CYIIUIbHI TUIATHI
(GyHIAMEHTH 3HAYHMX pO3MIpIB, Y MeXaxX SKUX HEOOXIJHO aJeKBaTHO YpaxyBaTh SIK
MPUPOHY MIHJIUBICTh XapaKTEPUCTHK OCHOBH, TaK 1 AeOPMATHBHICT caMoro (PyHIaMEHTY.
JlocBin mpoekTyBaHHs [5] mokasye, Mo iCHyI04i METOIM PO3PaxXyHKIB IUTMTHUX (DYHIaMCHTIB
MOXXYTb JITaBaTH Pi3HI pe3yJbTaTH, 3HAYHOIO MIPOIO BiJIMIHHI BiJ] EKCIIEPUMEHTAJILHUX JTaHHX.

IMocTanoBKa 3aBaaHHs. 3'5ICyBaTH 3aKOHOMIPHOCTI 1 0COOJIMBOCTI CHiIbHOI poOOTH
IMTHOTO (GYHAAMEHTY 1 TPYHTOBOI OCHOBH, IOCITIJWTH BIUIMB aHI30TPOMIi TPYHTIB Ha
HATNPYKeHO-1e(pOpMOBaHUN CTaH OCHOB IUTMTHUX (YHAAMEHTIB, 3'ACyBaTH OCOOJIMBOCTI
BU3HAYCHHS PO3PAXyHKOBOTO OIOPY OCHOB IUIUTHUX (QYHAAMEHTIB, PO3POOHUTH METOJ
BU3HAUEHHS OCIJaHb OCHOB IUTUTHUX (YHIAMEHTIB 3a JaHHUMHU KOPOTKOCTPOKOBHUX
Te0JIe3UIHUX BUMIPIB.

O0'exT pociimxkeHHs. IIOpiBHSAHHS METOJIB PO3PaxyHKy 3/ifiCHEHE Ha NPHKIAIL
byHIaAMEHTY TIiJI CHIIOC 3epHOCXOBUIIA 00'emom 8841 M. DyHIaAMEHT BUKOHAHUHN Y BUTIISAL
KpyTJ0i 3anizo00eTonHoi muTH niamerpom 20,4 M 1 ToBmuHo0 0,8 M, 3armubiaeHoi B IpyHT Ha
1,1 m. JInsg ycTaHOBKHM CTalleBOi KOHCTPYKIII CHIJIOCY BHUIIE MOBEPXHI I'PYHTY BJIAIITOBAaHA
apyra mimTa ToBIuHOI0 600 MM 3 KOHCTPYKTUBHUM apMyBaHHSM, SIKa OJTHOYACHO CITY>KUTb
JTHUIIEM cuitocy. [IpocTip Mixk TUIMTaMH 3alOBHEHUH yTpaMOOBaHUM (DpakKIiiiHUM meOeHeM.
Cxema BEpTHKAJIBHOTO MeEpepidy (yHAaMEHTY 3 TeOJOTIYHUM pPO3pPi30M IPYHTOBOI OCHOBHU
300pakeHa Ha pUCYHKY 1.
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Pucynoxk 1 — Cxema ¢yHIaMEHTHOI TUTMTH Ta OCHOBH TIiJT crtoc eMHicTio 8,841 THC. M
Jicepeno: poboui Kpecienns 3epHOCX08ULA.
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MeTtoauka i pe3yJibTaTH iH:KEHEPHO-Te0JOTiYHUX BHUIIYKYBaHb. 300paXeHUN Ha
pucynky 1 reonoriyHuii po3piz moOyJoBaHO 3a pPe3ysbTaTaMH 1HKEHEPHO-TEOJIOTTIYHUX
BUILYKYBaHb, BUKOHaHUX 3rimHo 3 Bumoramu JIBH [11]. ¥V mpomeci BuiykyBaHb B 30HI
PO3MIIIIEHHS 36PHOCXOBHINA Oy MPOOYypeHi CBEPATIOBUHU TIUOMHOI0 01m3bKk0 10 M, 3 sKkux
BiOMpanmucs 3pa3ku IpyHTIB OocHOBH. OTpuMaHi 3a pe3yjbTaTaMH BUIPOOyBaHb TEXHIUHI
XapaKTEePUCTUKU TPYHTIB HaBe/IeHI B Ta0auIll 1, a iX mo3HAaYEHHs Ta TOBIIMHH IIapiB BKa3aHi
Ha pucyHKy 1. HasBHI IpyHTH MOXYTh OyTH BUKOPHUCTaHI B SKOCTI MPUPOIHOI OCHOBH, a
HABEJICHI TEXHIYHI XapaKTePUCTUKH 3a0€3MeUYyI0Th MOKJIMBICTH BHKOHAHHS PO3PaxyHKIB
ocimanHs (yHIAMEHTY BIIOMHUMH METOJaMH, SKi OOpaHi [UIsi BUKOHAHOTO HIDKYE
MOPIBHSJILHOTO aHAI3Y.

Ta6muist 1 — TexHiuH1 XapaKTEPUCTHKU IPYHTIB OCHOBU CHJIOCY

HaiimMenyBaHHs [Tutoma| Moayns | Moayns | Koegini- | Koedimi- |Tuck nepe-
Bara, |aedopma-| Ipy>KHOCTI, €HT |€HT Iepey-| YIIUIbH.,
te/m® | wii, Te/M? tc/M®  |[lyaccona|mineuennst|  tc/m’

| — HacumHMIA map 2 2500 20833,333 0,35 1 5
Il — cyrimHOK K0BTO- 1,68 820 6833,333 0,35 1 5
Oypwuii, necononiOHuM

Il - cyrmuHOK maneso- | 1,72 870 7250 0,35 1 5
JKOBTHI, JIECOOAI0HUI

IV - cyrnuHOK Oypuid, 1,8 1000 8333,333 0,35 1 5
JIECONOMIOHUI

IV(B) - cyrnuHok 1,837 570 4750 0,35 1 5
Oypwii, neconomioHu

V - cyrnuHOK xoBTHH, | 1,91 570 4750 0,35 1 5
BOJOHACUYCHUI

VI - riuHa Oypa, 2 2200 18333,333 0,42 1 5
HEMpocigHa

Jicepeno: pospobreno asmopamu

Po3paxyHok 3a Moaeunio Binkaepa. Ils monens mpezacraisie co0or0 IUIMTY Ha
MPY>KHIM OCHOBI 3 KoeditienTom mocteni. Koedimient crucaenns C 3B'sA3y€ iHTEHCHUBHICTh
BEPTUKAJIBHOTO BIINOPY IPYHTY 3 Horo ocimanHsMm. Ha migcraBi reojoriyHux AaHux 3
Tabnuii 1 BCTaHOBIEHO, IIO IS PI3HMX 30H MiAOMBH (YyHIAMEHTY Koe(]iIieHT mocTtesi
3MiHIOETBCS B Takux Mesxkax: C = 0,07...1215 t/m°.

OciganHa pi3HUX 30H TigomBH (PyHIAaMEHTy BH3HAUYeHI B Moayni «Kpocc»
nporpamuoro komiuiekcy SCAD Office. IIpu cymapHOMYy HaBaHTaX€HHI Ha (yHIaMEHT
2741 Tc ocimaHHa Pi3HUX 30H ¢yHAaMeHTY 3MiHOOTECS Bim 0,37 cm mo 4,75 cMm mpu
cepeanboMy 3HaueHHi 2,15 cM. ToBmumHa 1eopMOBaHOTO 1IAPY OCHOBH CTAaHOBUTH 12,24 M.

Posnoninu koedirienta mocreni C Ta BEIWYUH OCIAaHHS IO MiA0mBI (QyHIAMEHTY
BioOpakeHI Ha PHUCYHKax 2 1 3, 1e OuTbInl 3HAYCHHS BiIOOpPaXKarOThCS OUIBII TEMHUM
KOJBOpPOM. 3 PHUCYHKIB BHIHO, IO B HANpsIMKY BiJ IEHTPY MO0 Kpaw (yHIaMEHTY
KOeQIIi€EHTH TOCTENI 3pOCTAal0Th, a OCIIaHHS 3MEHIIYIOThCS. ICTOTHE 3MEHIICHHS
KOoe(IIiEHTIB MOCTEIN CIIOCTEPITAETHCS TAKOXK Y 30HI 30BHIIIHHOTO KOHTYPY (QyHIAMEHTY.
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[vnana3soHbl TIm® [Avana3soHsbl

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 \ ‘ 1,192 - 1,46

303,722 - 379,636 | ‘ 1,466 - 1,73
|| 379,636 - 455,549 ‘ 1,739 - 2,01
[ 455,549 - 531,463 2,012 - 2,28
[ 531,463 - 607,376 . 2,286 - 2,55
I 607,376 - 683,29 T 2,559 - 2,83
Bl 683,29 - 759,204 2,833 - 3,10
B 759,204 - 835,117 3,106 - 3,37
B 835117-911,031 3,379 - 3,65
I 911,031 -986,944 3,653 - 3,92
B 986,944 - 1062,858 3,926 - 4,2
B  1062,858 -1138,771 4,2 - 4,473
B 1138,771-1214,685 4,473 - 4,74

Pucynok 2 — Koedinienr nocreni C Pucynok 3 — OcinanHst GyHIaMeHTY
IDicepeno: pospobneno agmopamu IDicepeno: pospobneno asmopamu

Po3paxyHok 3a MoOme/UII0 06'€MHHX CKiHYEHHHX eJIeMeHTIB. [pyHTOBa OCHOBa
MPEJCTaBlIeHa y BUIJLIAL JTHIHHO-Ie(OPMOBAHOTO MIAPY CKIHYEHHOI TOBIIMHHU. Y CXeMy
BBEJICHI 6 BepxHIX MIapiB, 300pak€HUX HA PUCYHKY 1, HMXKYE SKHUX IPYHT BBAXKAETHCA
HECTHCIMBHUM. Po3Mipu Mozesi B TulaHi OOMEXEHI MUITXOM BKJIIOUEHHS 0 PO3pPaxyHKOBOI
CXEMHU MacHuBY IPYHTY, BiIJJaJIeHOr0 He OLIblle HIXK Ha MIBTOPHU TOBIIMHU J1€(OPMOBAHOTO
mapy ocHoBHu. s pyHmameHTty, 300paskeHOT0 Ha PUCYHKY 1, pO3IIISIHYTO TPYHTOBHI MacHB
y ¢opmi napaneneninena 3 po3mipamu B miaani 40.4x40.4 M. Po3paxyHkoBa cxema IPyHTOBOL
OCHOBH 300pa’keHa Ha PUCYHKY 4, a HEOOXiJHI I pO3paxyHKiB XapaKTEPHCTUKU TPYHTIB
HaBeaeHl B Ta0imi 1.

Turma AF 103
.Y EATaANm ﬂ E = 20833 T/m"2
Ire-2 E = 6833 T/m"2
ﬂ Bl 4562 -41.28 -15,32 -10,99

IFE-3 ﬂ E= 7250 Thr'2 129 -36.96 | 1099 -6.,66

T -36,96 -32.63 M-6.56 -2.33
IFE~4 ﬂ E = 8333 T/n"2 =32 63 283 233 20
I'E-5 ﬂ E= 4750 Thr"2 -283 -2397 20 6.33

! -2397 -19.65 (6,33 10,66
ME6 ﬂ E= 18333 Tiw"2 -19,65 -1532 (1066 14,99

Pucynok 4 — Cxema OCHOBH JUIs PO3PaXyHKY 3a Pucynok 5 — JlepopMoBaHa cxemMa IPyHTOBOI OCHOBH
METOOM CKIHYEHHHX €JIEMEHTIB M1 IUTATHAH (QYHIaMEHT
IDicepeno: pospobneno aemopamu JDicepeno: pospobaeno asmopamu

172



ISSN 2664-262X IlenTpanbHOYKpaiHChbKuil HayKoBHH BicHUK. Texuiuni Hayku. 2022, Bur. 5(36), 1.1

Mogzensb (puc. 4) chpopmoBana B cepenonuiii nporpamuoro komiuiekcy SCAD Office
Ha OCHOBI O0'€MHUX CKIHYCHHHMX €JIEeMEHTIB KyOiuHoi (opmu. CTaTHUHHIA pPO3paxyHOK
po3po0ieHoi Mojenai BUKOHaHMK B JIiHIAHIM mocTaHOBLI. Y pe3yJbTaTi pPO3PaxyHKY
BCTAHOBJICHI TIEPEMIIICHHS OKPEeMHX CKIHUEHHHUX €JIEMEHTIB Ta 3arajbHa JedopmoBaHa
cXeMa IPyHTOBOi OCHOBHM, HaBeleHA Ha pUCYHKY 5. OcimanHs (yHIAMEHTY B Pi3HHX 30HaX
smiHIOTHCS Bix 0,23 cm 10 4,56 cm npu cepegHboMy 3Ha4eHHI 2,4 cM.

Oxpim TOrO, 32 pe3ysbTaTaMu PO3paxyHKy OTpUMaH1 peKOMEeHIallii 00 apMyBaHH:;
Kpyrjioi (QyHIaMEHTHOI IUIMTH METaJeBOr0 CHJIOCY, TpeacTaBiieHl y (opmi 130moimiB
HEOOX1HOT IO epepizy poOouoi apMaTypu Ha METp LIUPUHH ITUTH.

Po3paxyHoK 3a METOJOM IOINAPOBOr0 MiACyMOBYBaHHsl. [pyHTOBa OCHOBa
PO3IISINAETbCA AK JiHIHHO-1ehOopMOBaHU HamiBIpOCTip. TeXHIYHI XapaKTEPUCTHKU YCIX
mapiB IPyHTY MPUUAHATI 3T1AHO 3 Tabnwuiero 1. OGuucneHHs ocinanHs QpyHIaMEHTy 3TiTHO 3
BkasiBkamu JIBH B.2.1-10:2018 [8] peanizoBane B cepenopumii Microsoft Excel 3a Bizomoro
METOAMKOIO [4].

Jlnist BUKOHAHHS PO3paxyHKy TOBIIA IPYHTOBOI OCHOBHU 110 Tnubunu 12,1 M po3ainena
Ha 26 mapiB ToBmuHOW0 40 cM Ta 50 cMm. YV pesynbTaTi po3paxyHKy OTpUMaHE OCITaHHS
dbynnamenTHOl mauTH piBHE 13,7 cM, SIK€ MOXXHA BBa)KaTH MAKCUMAJIBHUM 3HAYEHHSM IIO
yCii miaomBi GyHIaAMEHTY.

HatypHi reone3nyHi cmocrepexeHHsi 3a ociiaHHsiM. /[ aHamizy BUKOPHUCTaHI
JlaHl, OTPUMaHI 1HCTUTYTOM «YKPTEeHIPOEKT», M. KHiB MO CIOCTEpeKEHHIO 3a OCiTaHHSIMU
IUIMTHUX (QYHIAMEHTIB JEKUJIbKOX CHJIOCIB IJisi 30epiranHs 3epHa B M. KpONMBHHIIBKHIA:
cuioc s 30epiraHHs 3epHa MicTKicTio 8841 M Ta cuioc s 30epiraHHs 3epHa MICTKICTIO
6390 m°. CrioctepeskeHHs 3a ocinannsMu [12] Besucs 3 mouaTky OGyJiBHUITBA 06'€KTIB i 10 X
crabimizamii. Penepu ams HiBenqroBaHHS OyJM PO3TAIIOBaHI B MICIX, IO 3a0€3MEYyIOTh
HE3MIHHICTb MMO3HAYKU perepa NpOTAroM BChbOTO TEPMiHY criocTepexeHb. DakTHUHE CepeHe
OCiJTaHHS OCHOBM CIIOPYAM 3a Tepioj crocrepexenHs ckmaigo 17,5 mm (Bix 11 10 24 mwm).
AHaJi3 JaHUX CHOCTEPeXEHb IOKa3ye, IO OCITaHHA (yHJaMEHTIB CHJIOCY NPAKTHYHO
cTab1Ti3yBaIuCs, HEPIBHOMIPHICTH OCITaHb HE MIEPEBUIIYE JOIMYCTUMUX BEITUUHH.

BucHoBku. IlopiBHSHHS pe3ynbTaTiB po3paxyHKy ocifaHb (yHIAMEHTY IOKa3alo,
0 BpaxyBaHHS I'€OJIOTTYHUX OCOOJIMBOCTEH OCHOBM € BU3HAYaJIbLHUM (haKTOPOM TP aHaJi31
HAC ¢ynnamenty. Lleii ¢akTop iCTOTHO BIUIMBAa€E Ha NEpEMIlIEHHS BY3JiB (yHIAMEHTY 1
HaNpy’>KEHHS B KOHCTPYKTUBHUX €JIEMEHTAX.

[TopiBHSHHS pe3ynbTaTiB oOCiZaHHA (yHIAMEHTy TIOKa3ajld HACTYNHI 3HAYCHHS:
MOJICJIb Ha TIPY>KHIM OCHOB1 3 BHU3HA4YeHMM KoedimieHTom mocteni — 4,75 cMm; Mozaenb Ha
NpYy>KHIA OCHOBI 3 BUKOPUCTAHHSAM 00'€MHUX CKIHUEHHHUX elleMeHTiB — 4,56 cM; ocinaHHs 3a
nedopmartismu  ocHoB  3rimHo  JIBH B.2.1-10:2018 — 13,7 c¢M; peanbHI TeoAe3UyHI
CIIOCTEPEKEHHS — 2,4 cM.

AHaJ3yI0un crocoou BpaxyBaHHS OCHOBHM, MOYKHA 3pOOWTH BHCHOBOK, IO MOJIEIb 3
BUKOPUCTAHHSAM KOE(]III€HTIB MOCTEN BiAPI3HAETHCA MPOCTOTOIO peajizallii, B TOW Yac sk
MOJIEJIb KOHCTPYKIIIi 3 OCHOBOIO 3 00'€MHUX CKIHYCHHUX €JIEMEHTIB OlIbII TPYIOMICTKA, aje
JI03BOJISIE 32 JIOTIOMOTOI0 JIe()OPMOBAHMX CXE€M 3 OUIBLIOI0 TOYHICTIO CIPOTHO3YBaTH
MOBEJIIHKY KOHCTPYKIIi B peaJbHUX TI'EOJIOTIYHMX YMOBaX 13 3aJlaHUMH HaBAHTAKCHHIMU.
Meton momiapoBoro miacymMoByBaHHA, persiamentoBanuil JIBH B.2.1-10:2018, nae pizko
3aBHIICHI 3HAYEHHS MPOCIJaHb, MOPIBHAHO 3 MEPIIMMHU IBOMa METOAaMu. Pe3ynbraT 1boro
PO3paxyHKy ICTOTHO MEPEBHINYIOTh pealbHI 3HAYCHHS MPOCIJaHb, BU3HAUCHUX HATYPHUMH
TeOJC3MUYHIUMH CIIOCTEPEIKEHHSIMH, 1 THM CaMUM CTBOPIOIOTH HAIMIpHI 3amacu HaJiiHOCTI
MpU MIPOEKTYBaHHI ()yHIaMEHTIB.
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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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