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OCHOBU TA ®YHJAMEHTU. 2020. Bumyck 40

ITEPEJIMOBA
TepHucTHIl IUISIX TeOTeXHIYHUX MyOTiKALIM.

['eoTexHika OXOIUIIOE WIMPOKUMA CIIEKTP
IHKEHEpHUX 3a/1a4 B raiy3i Oy[iBHHIITBA, SKi
3a0e3Meuy0Th HAIHHICTh CIEMEHTIB CUCTCMH
«OCHOBa-(QyHAAMEHT-HAa3eMH1 KOHCTPYKLIi», a
OOTpyHTOBaHa  TEXHOJOTiA iX  3BEJEHHS
BH3HAYa€ TepMiHU Oy 1IBHUIITBA.

CrapTye mpoeKkT 3 oprasizaiii MpoBeIeHHS
IH)KEHEpHO-TEOJIOTIYHIX  BUIIYKYBaHb  Ha
MaiiOyTHROMY OY/IIBEIbHOMY MalIaHUMKY 3a
MporpamMor0  iH)KeHepa-reoyiora, SKi  CHia
MPOBOAWUTH B ABa ertanu. [lepmmii eran mae
BHUSIBUTH HallapyBaHHS IPYHTIB, BU3HAYHUTH 1X
BUJ 1 CTaH KOKHOTO IIApy, IPUPOJAHI SIBHIIA,
SKi TPUCYTHI HA I JUISHIN, HAMPUKIAI
3CyBH, KapCcTH, CeHCMiYHa 30Ha Ta IH.
3aikcyBaTH TipOreOJOTIYHY CHUTyalilo 3
OIIIHKOIO arpecHBHOCTI TPYHTOBOI BOJHU IO
BIIHOIIEHHIO JI0 MarepiaidiB OymiBeIbHUX
KOHCTPYKIII, 3arfJuOJI€HNX B TPYHT OCHOBH.
Ha ppyromy erami BH3HA4YarOTh MapameTpH

CYUUTPHOTO TIPYHTOBOTO  CEpENOBHINA 32
MporpamMoro,  po3poOJICHOI  1HXKEHEPOM-
KOHCTPYKTOpPOM, B sKii  0OOB’SI3KOBO
BpPaXOBYETHCS: MIpUIIAIH, Ha SIKUX
BU3HAYAIOTHCS MEXaHIUYHI  XapaKTepUCTUKU
IPYHTIB, B SKHUX MYCITh BpaXxOBYBaTHCS
peoJIoTiyHl  Tporec Tpu  OyAIBHUITBI 1
eKCIUTyaTallii; 3aJ1al0ThCs METOJIUKH
MIPOBEACHHS BHIIPOOYBaHb IPYHTIB,
HaNPUKJIIAI, JPEHOBaH1-KOHCOJI1I0BaHi,

IpeHoBaHi-HeKOoHcomioBaHi. [Ipu mpomy crin
BpPaxOBYBaTH METOIM PO3PAXyHKIB, IS SKUX
BHU3HAYAIOTHCS BIIOBIAHI MEXaHIYH1
mapaMeTpu B 3alle)KHOCTI BiJ Xapakrepy
HABaHTaXeHb - CTATUYHI a00 TWHAMIYHI Pi3HOI

MPUPOJN, CEHUCMIYHI, pPyX TOI3IiB MeETpo,
(dbyHIaMEHTIB MaluH, YyAapHI XBWI TpHU
YIIUTbHEHHI OCHOBU Tomo. OKpemo ciia

HaroJjoCUTH, II0 Ha KOXXKHOMY OyAiBEIbHOMY
MaiiJIaHYUKy 3yCTPIYAETHCSA OCHOBA OYyMIBIII UM
CIOPYAM TUIBKM OAMH pa3 3 BHUSBJICHHAM
HallapyBaHHs B IpUPOAH a0o 13 3MiHAMU Bij
TEXHOT€HHHUX a00 aHTPOMOTeHHUX (PaKTOPIB.

Slronis,
Bpatucnaga Ta iH.).

Ha B3aeMoiro e1eMeHTIB CUCTEMHU «OCHOBA-
(dyHIaMEHT-HAa3eMHI KOHCTPYKIii» BIUIMBAE
00’€MHO - TUTaHYBaJIbHE PIICHHS apXiTEKTOpa,
3 SKAM B TOJAJbIIOMY TMPAIIOE IHXKEHEP-
KOHCTPYKTOp, SIKHI CTBOPIOE PO3PaXyHKOBY
cXeMy Ui TepeJadyi HaBaHTAXKEHHS  Bif
Oyniiai Ha ocHOBY. [Ipm 1mbOMy BaKIUBO
BpaxoByBaTH (OpMYyBaHHS PEAKTUBHOI CHIOPU
OCHOBH, OCKUIBKM BOHAa HE 3aJIMIIAE€THCS
CTaJIOI0 B TEpioja 3BeACHHS 00 €KTy, a Iie, B
CBOIO YEpry, BIUTMBAE HA MEPEPO3IOJILT 3yCHITh
B eJleMeHTax 1€l cucreMu. Taxkui miaxin
3anouyatkoBaHo B KHYBA B 1980-1986 pp.

Buie naBesneHi GakTH MiAKPECTIOTh POJIb
rCOTeXHIKM B OyAIBHUUTBI, a PO3BUTOK
FEOTEeXHIYHOI HayKd Ha  HaAIMHICTh 1
€KOHOMIYHICTh OyAIBEIbHUX 00’ €KTIB.

Ha mpuknagi reoTexHiuHux myOsikamiii B
30ipHUKY «OCHOBH Ta (DyHIAaMEHTH» MOKa3aHO
TEOPETHYHI [UIAXH PO3BUTKY OyHiBETBHOI
HAyKd B JepikaBi, sika OyJia HENOOIIHCHA B
«COBETCKUN» («IOHE3aNCKHUNY) TMepioa, a
CHOT'OJIHI BOHA IOmaja IMiJ THUCK, KOJU 3HHKIA
MiTOTOBKA 1HXKEHEPIB-T€OTEXHIKiB—HAWOUIBIII
3aTpebyBaHoi mpodecii chOroJeHHS.

MixBiTOMYU HayKOBO-TEXHIYHUHN 301pHHUK
«OcHoBH Ta (yHIAMEHTW» 3aCHOBAHO B
1968 p. 1 IpOTATOM yCHOTO Yacy BiH MaB i Mae
BHUCOKHUI PENUTHHT CEpe]l HAyKOBLIIB MaricTpis,
acmipaHTiB, BHUPOOHUYHMKIB 1 3aCIykEHO
IPOJIOBXKYE KOPUCTYBaTHUCh CBOIMHU

3no0yTtkamu. Tak 3 2015 p. 1 mo 2019 p. ueit

30ipHuk OyB 0a3oBUM Ui IyOJiKarlii
matepianiB Ilepmoi, [pyroi Tta Tpetpoi
Mixnaponuoi  koHdepenmii  «I[Ipobmemnu

TEOTEXHIKN», B SIKUX MPUHAMAIIA y4acTh BiAOMi

BUeHi, (paxiBIli 3 reoTexHiku 3 14 kpaiH CBITY
(Himeuumna, Kamama, Ilompma, ITamis,
opryranis, CIIA, VYropumHa,
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IcTopiss 3acHyBaHHA 30ipHHMKAa HaJEKUTh
npod. A.M. JlpaHHIKOBY, SIKUH 3aIIPONIOHYBAaB
3aMpPOCUTH JI0 PEAKOJNIETIi MPOBIAHUX BYCHHUX
VkpaiHn 3 yciX 1HXEHEPHO-OymiBEIbHUX
iHcTUTyTIB Kpainu: mpod. I[lmaronor E.B.,
I'ony6xoB B.M., Kneniko C.M., llIeus B.B.,
Anexcee M.O., I'onpamreitn M.H.,

Kpaes B.®., [lerpenko I'.M.,
Cmocapenko C.O. Ta iH.

30ipuuk  «OcHOBM Ta  (yHIAMEHTU»
IIMPOKO PO3MOBCIO/IKYBABCS B Pi3HI KpaiHU 1
OTPUMYBaB BIJMOBiHI 30IpHUKH 3 1HIIHX
kpain  €Bporn, CIIA. Bin mpoiimos
TEPHUCTUH HUIAX B MEPIOJ «LEH30PYBAHHS»
reOTeXHIYHMX NyOmikamiid, ajge OyB HOCiEM
MepeIoBOi HAYKOBOi JTYMKH TEOTEXHIKIB 1
nyOiKyBaB OpHUTIHAIbHI EKCIEPUMEHTAJIbHI
pe3yiapTatd B pi3HUX cdepax OyAiBHHUIITBA.
by mepion, xomu my6mikamiss B 30ipHHUKY

«OcHoBH 1 (QyHnameHTn» Oyna  OUIbII
BU3HAHOIO, HDK myOmkamii B  mparsx
MDKHApOJAHMX  KOH(EpeHId, B  SKHX

myOJmikaIili HaBiTh HE BPaxOBYBAIHCS TIPH
3aXUCT1 AUCEPTALIIM.

Cborogni cuctemMa OIIHKA  HAyKOBUX
myOmikariii ganeka BiJ 00’ €KTUBHOCTI 1 Lie Jae
TPUBOKHUN CUTHAN Ui HAayKH, OCKUIbKU
My OJTIKAIlII0 pe3yJIbTaTiB HAYKOBIIIB MOKJIAICHO
Ha KOMEpIIIHHY OCHOBY, a iX aKTyaJbHICTh 1
BaroMicTh 3HAXOJIUTHCS B TiHi.

3 METOI TPOJIMTH CBITJIO Ha Ie mporiec
3ampomryro Oakalyux [0 OUCKYCli 3 TaKux
MTUTaHb:

1. Slk O0O’€KTMBHO OILIIHIOBaTH HAaYKOBI
nyOmikanii B KOXHIM ramy3i 0e3 3maraHb B
MOKa3HUKAX;

2. Uu motpi6HO Matu TIpodiabHI KypHATH
YHIBEPCUTETIB 3a ix npodeciiHuM
HAIPABIICHHSM.

Irop boiiko,

I.T.H., ipodecop,
Bianosiganbauil pegakTop,
3aBigyBau kadeapu reoTeXHIKU




BASES AND FOUNDATIONS. 2020. Issue 40

3MICT

BiTanus 3 roBijieem !!!

Irop Bboiiko, Bonogumup Caxapos, Ousiekcanap JlnTeun
B3aemodis necyuux koncmpykyiii OyOuHKy 3 nanegoio 0CHOB0I0

Boaonnmup Cenin, Bragucnas Kosoa, IOpiii Bosnsancsknii, Katepuna Bikyc
Mooentosanus Hanpysiceno-0epopmosano2o cmamy 0CHO8U ba2amosumrogoi naui npu it
CMAmu4HOMY HABAHMAICEHHI 8 NUTYB8AMO-2NIUHUCTOMY TPYHMI

Jakub Marcinowskil, Volodymyr O. Sakharov
Stress distribution in column-plate foundations of Monument of Christ The King erected in
Swiebodzin

BikTop Hocenko, Oner Kpusenko
Bnaue scopcmrocmi Hecyuux koHcmpyKkyitl OyOunKy 3i 30ipHo20 3a1i300emony Ha
Hanpyiceno-0eopmosanutl Cmam yHoameHmis iz 6ypoin eKyiliHux nais

Ouger Manumen, Auapiii Pamenko, Tersina Jluntan, Sipocias CeHUnmuH
Ocobaueocmi enawmysants 1a2yt 0isl CLIbCbKO20CNOO0APCLKUX Yinell

JIronmuna Ckouko, Bikrop Hocenko, Bacuas Ilinaynsknii, Onexcanap I'aBpuiarok
Bnaue napamempie nionipnux cmin ma HaCUNHUX IPYHMI8 HA CMIUKICMb CXULIE NPU HOBOMY
0YOi6HUYMBI HCUMIOBUX KOMNIEKCIB

BiTauaiii PyukiBcbkuii
Hanpyoiceno-oeghopmosanuii cman nioniprux cmiu 8 3anedcHocmi 610 ix KOHCmMpPYKyii

Ounexkcanap II’aTkoB, Beponika 7Kyk, Ouabra IlosroxoBu4
Bnnue eghexmy 3im’amms enunucmux pynmis npu KOMApeCciuHux unpody-6anHaX Ha
BU3HAYEHHS OCIOAHHS OCHOBU

bornan lemunna, Auapiii Kpas3
11ioxoou 0o 8paxysanms 2opu30HMAIbHUX nepemiujerb hynoamenmie 6 pobo-mi 0epes sstHux
APMOBAHUX BAHM

Bauaepiit llImykaep, Poman Kanuin, IOpiii Kpyas
Bunpobysanns cmanesanizobemonnux npoeonogux 6yooe mocmy uepes p. Cyxuii Topeys 6
M. bapginkoge

Bauanepiii llImyxkiaep, Ogsena Jlyruenko, Amai Haxkem
Tononoziuna onmumizayiss nAACMUHU

20

21-
27

28-
36

37-
47

48-
57

58-
64

65-
75

76-
82

83-
90

91-
103

104-
111

112-
119




BASES AND FOUNDATIONS. 2020. Issue 40




OCHOBHU TA ®YHJAMEHTU. 2020. Bumyck 40

Birauns 3 roBijieem !!!

Jlpys3i, koneau, yuHi, cmyoenmu...

KuiBchkuii HalliOHATBHUHN yHIBEPCUTET Oy IIBHUITBA 1 apXITEKTypH
31, npocr. [Tositpodnorerkuii, Kui, Ykpaina, 03037,

lanoBuuii Iropro IerpoBuuy, npuiimMiTe mu-
pi BiTaHHA 3 Haroau Barroro 1oBineto. —

CporoaHi JeHb 3HAUHUH 1 yPOUUCTHHA — 1
3HaMeHHa JaTa, KpacHUH 10BiIei!
CrorojHi BiH 3i0paB 3 yChOTO CBiTY

Xopomux apy3iB i JOPOTUX roctei! % :

[Insix HENnerkuii 10 1BICIO -
Crutenuch B HIM THCSYA JAODIr,
Ta 1oBissIp i€ cBoOEIO,

He o6upatoun nerxux!

Jlonae BiH CMIIMBO TIEPEIIKO U
I nparne Bumoi MetH.

Xoua KpyTi Ha TOPY CXOJH,

Ta BiH mpogoBxye iTu!

Bepiumz 3HaYHUX AiCTaBCA
Tpyaom 3aB3ITUM, HETICTKHM.
Yuntnce B iHIINX HE IypaBcs,

JinuBcst JOCBIAOM CBOIM. Irop IerpoBuy Boiiko
3aciay:keHuii TisT9 HAYKH i TeXHiKH

Bumoru 1 3aBiaHHs yacy 3aBinyBad kadenpu I'eoTexHikn

Bin 4iTKO ¥ TOHKO BiquyBae, JOKTOP TeXHIYHUX HAYK, podecop

J1o BChOTo TBOPYO BiH MiAXOIUTH —
VY aBaHTapi Kpalmx 3MiH KPOKYe€ IOBLIsp!

[nsax HENErKuit 10 OBLNEIO. ..
Le - npans 6araTbox poKis.

I xail Tenep ropaANUTECS HEO,
SIKIo Tak SKiCHO TBOPUTH BMie€!

Ta 3u4uMO 1Ie MHOTHX JIT
Ji1st 3BepIIIeHh HOBUX Ta CMUTHBHX IOBULAPY!!!
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CAXAPOB OJIEKCAHJIP CEPTTIOBUY

A 3naro Irops Ilerposuua Ginbire 50 pokis,
AKOMY 0N TIoAapyBajla akTHUBHe, Oarare i
L[iKaBe XUTTS. B HeBeIMuKi epepBu MiX Hay-
KOBOIO Ta IEJarorivHol0 poOOTOI0 BiH MOJIO-
OJise aKTUBHUI BIAMOYMHOK Ha mipupoi. Oco-
O0muBO mojo0aeThes mpupona ripcekux Kap-
maT, JIe YMCTOTa IMOBITPS Ta MiHEPaJbHI JKe-
pena JaroTh HacHary Ha HOBI HayKOB1 3Bep-
menns. [Ipodecop boiiko L.I1. onuH 3 THX, XTO
pa3oM 31 CBOIMH YYHSIMU 00’€lHaB EKCIEepH-
MEHTAJIbHI Ta YUCEJbHI METOAU JOCIIHKEHHS
Ha 6a3i EOM, mo [03BONMIIO OTpUMATH
MIPUHIIMIIOBO HOBI pe3yJibTaTh B O0JIACTI CTa-
TUKU, TUHAMIKA Ta CTIMKOCTI IPYHTOBUX OC-
HOB Ta (pyHaamentiB (Puc. 2).

VY cBiii yac Irop IlerpoBuu OyB onHUM 3
inimiatopis rpynu Big KIbl cxomxkxenns Ha

HaiiBumry BepmmHy KaBkasy — Ens0Opyc
(Puc. 1). He 3Baxkaroun Ha CKJIQJHICTh, 00y-
MOBJICHY HEJIOCTATHICTIO KHCHIO Ta HasBHICTh
CIPKOBOJHIO BYJIKAHIYHOTO TOXO/KEHHS BIiH
HE BTpayaB OINTHMI3My, MIITPUMYIOUU TOBa-
pHIIiB JOOpPUM CJIOBOM Ta BJIACHUM MpPHUKIIa-
oM. B3araii, ogHi€r0 3 OCHOBHUX puC mpode-
copa boiika L.II. € He3anepeyHuii ONTUMI3ZM SIK
B 3BUYAHOMY JKMTTi, TaK i B HAYKOBHUX JOCIHi-
JDKEHHSX, SKi JIONOMaraloTh poO3B’s3yBaTu
HAWCKJIQ/IHINII HAYKOBI Ta MpPaKTHYHI 3ajadi,
npuiMaTH HAHOIBII ONTHUMAJbHI PIIICHHS.
Bin € mpuknazoM uecHOCTi, MOPSAHOCTI Ta
BIJITAaHOCTI HAyKOBIW MiSIIBHOCTI SIK 7T MOTO
YYHIB Ta CHIBPOOITHHKIB, IO MPAaILIOITh 3

HUM MIOpAI.

Puc.1. Cxomxkenns Ha HaibiBumry BepmuHy KaBkasy — EmpbOpyc. I'pyma Bim KwuiBchkoro imkeHepHO-

OyAiBeIBHOTO IHCTUTYTY.

Fig.1. Climbing to the highest peak of the Caucasus - Elbrus. Group from Kyiv Civil Engineering Institute.

10
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Puc.2. ®oroxomis 3 razetrm — y mabopaTopii
YHIBEpCHUTETY.

Fig.2. Photocopy of the newspaper - in the
university laboratory.

CAXAPOB BOJIOAUMUP
OJIEKCAH/IPOBI1Y

Mos HaykoBa Kap’epa B OyIiBHHITBI, (ak-
TUYHO, po3mnodanack 20 pokiB Hazam (MOXKHA
CKa3aTH I0BUICHHUI TepMiH), 3 MOMEHTY, KOJIX
3aBinyrounit kadenpu toai me «OcHoB 1 DyH-
namenTiB» Irop IlerpoBuu boiiko npuitHsB 10
CBOTO KOJIEKTHBY MOJIOJIOTO BUITYyCKHHUKA
HTVYY KIII, sixuii B TOW 9ac MpaiioBaB iHXKe-
HEepoM y (hapMaleBTHYHIN Tagy3i 1 TPOSBIISIB
LIKaBICTh 10 IPYHTIB (TJIMHUCTHX CyMillei),
MpOTrpaMyBaHHsI 1 Cy4YaCHUX TEXHOJIOTIH.

Irop IleTpoBuy - 11e yHiKanbHa moauHa. Le
Me/Iaror, HayKOBEIb, JEKTOpP, KEpiBHUK, aie
nepeayciM moOpuii mro0IsYMii 6aTbKO 1 Ii-
nyck. JIroquHa, sika aye 100pe po30upaeThes
B JIIOJSIX 1 IpUTArye Monoab. Lle Oyno panime
Ta MOKHA CIIOCTEPIraTv i ChOroJHI - Ha Kade-
Ipi ayxke Oarato amOITHUX CTYJIEHTIB, MOJIO-
X HaykoBIiB. Irop IlerpoBuu Ha piBHI 3 iH-
LIIMMH HaJlaB MOXJIMBICTH MAaKCHUMAJIbHO pO3-
BHBATHUCh B yCiX HaNpsSMKax, HE MOOOIOIOYUCH
3a0pyIHUTH PyKU (B MpPSIMOMY CEHCI I[bOT'O
CJIOBa), Jomomaraioyu B po6oti. ChoroaHi s 3
TOPIICTIO MOXY 3BaTHCA Y4YHeM mpodecopa
LII. boiika.

Te, 110 3aBXIM KUAAETHCS B 04Ul - i€ MOC-
TiliHA TOTOBHICTHL JO AaKTHUBHOI JiSITILHOCTI:
HOBI KpOKHM B Haylli, IPOEKTyBaHHi, JOCIHi-
mxeHHsAX. Tam e BiH - TaM 3aBXaU OypXJIUBi
MoJIii: opraHi3amist i y4acTh KOJEKTHBY B pi3-
HUX HAyKOBHX YKpAiHCBKMX 1 MIDKHApPOIHUX
KOH(]epeHIIisax, ceMiHapax, MalcTep-kiacax. B
HAyKOBUX JHUCIyTaX 4YM CEMiHapax - I 3aB-
KU «BAXKKUID» OMOHEHT, KU JPYKHBO KpH-
THKY€ 1 apryMEHTOBAHO 3aXHUIIAEThCs. | Hemae
PI3HUII YM TO 3aXUCT AUCEPTAIlil HA HAYKOBHMA
CTYIIiHb, BHCTYI 3 JIONOBIIIIO CTyJCHTa YU
MPE3CHTAIlisl HOBOI TeXHOJOT1i dipMu. 3aBxKau
BUCITyXa€, 3a/1aCTh NMUTaHHS 1 3pOOUTH KPUTH-
yHUWA aHami3. | came Takuii migxiJa J03BOJISE
Kparie 3po3yMiTu mpobiaemMy 4u iHpopMaIriio,
BUSIBUTH HEIIOJNIKU 1 c(hOpMYITIOBATH (3HAUTH)
MPaBUJIbHI HAMPSIMKH 0 i1 BUPIIICHHS.

Ckinpku maM’siTaro, AisutbHICTE Irops Ilet-
poBHYa 3aBkIU Oyja MOB’s3aHa 3 pealbHUM
OyIIBHMLITBOM, B TOMY YHCII NPOEKTYBaHHS,
HAyKOBi CyNpoBOJM a00 €KCIEPTHI BUCHOBKH.
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I Tpeba cka3aTu, 0 B OUIBIIOCTI BHITAJIKIB IIe
00’€KTH CKIaJHI a00 YHIKalbHI, Ui SIKHX
«11a0JI0HHI TIX0IN» HE MPaIo0Th, a HOpMa-
TUBHa 0a3a HenocTaTHbO po30ynoBaHa. lle
KOMIUIEKCHI ~ 3a0yJq0BM  0araTomnoBepXOBHX
OyIMHKIB Ha 3CyBOHEOE3MEYHHX MAUISHKAX,
YHIKaJIbHI KOHCTPYKIii (HaNpHKIad, CTapTo-
BUH pakeTHHH KomIuieke «Cyclone-4», HoBuit
besneunuit Kondaiitnment B YopHoOwm Ta
iH1I11), 6araTopiBHEBI MiA3eMHI KOHCTPYKIIi B
CKJIaJHUX 1HXEHEPHO-TEOJIOTIYHUX YMOBaX 1
T.11. lle BUMarano mocTiifHOro po3BUTKY METO-
MK TPOCKTYBAaHHS, YHCEIBHUX JIOCIIIKEHb,
aje TmepeayciM TIIMOOKOTOo pPO3yMiHHS TIPO-
Osiemu 1 B3aemoii pisHHX cepenoBuil. Bee e
CKiazae  OcHOBY reorexHiuHoi Ikomu
LIL Boiika. «['pyHT - 1€ *KMBHH OpraHi3M...»
Ta «1 BIH BUMarae ocoOJUBOTO MiAXOAY B KO-
XKHIN cuTyauii» - Tak BuuTh Irop Ilerposuu.
[IparmroBaTi B KOMaH/I1 Mia KepIBHUITBOM Ir0-
ps IlerpoBuya gyxe LikaBo, ajge pa3oM 3 THM
He mpocto. KoxHa mpobiema - 1€ BHUKIUK,
SKUI BUMarae MO3KOBOTO IITYpMYy BCi€l KO-
MaHJIF 1 6arato 4acy Ha MOIIyK pallioHaJIbHO-
ro pimeHss. ToMmy mnepeBakHa OUIBIIICT
00’€KTiB, HAaBITh Ha PIBHI «3BUYAHHOTO» TIPO-
€KTYBaHHS, PO3IJISIIAEThCA K HayKoBa po0o-
Ta, B PO3B’s3aHHI KO YacTO MPUHMAIOTh Y-
acTb CTyAGHTH Ta acmipanTu. Lle me ogHa pu-
ca Irops IlerpoBuya - OTpUMaHUMH 3HAHHSIMHA
1 JIOCBIIOM BiH 3aBXKIHM JUIMTHCS 3 YYHSMH,
CTyZeHTaMH 1 koneramu. He momuitocs, sKIo
CKaXy, 110 1 CbOTOJHI Ha JIEKIIIsIX Ba)KKO 3HaM-
TH 3aHATTS, Ha SKUX He OyJe NpUKIaliB 3 pea-
JBHUX CUTYallil, YHIKaJIbHUX 00’ €KTIB, 1HXKe-
HEPHUX aBapii.

OnuH 3 TOJIOBHUX NTPHUHIUMIB, KU Irop
[leTpoBrY MPUILIETIIIOE CBOIM YUHSM - 1€ «IIe-
peayciM He HamKoIb!» (primum non nocere):
HE HaIIKOJb CBOiM poawHi, cBoiii Alma Mater,
cBoiit Kpaini, He migBenu KoJer.

Irop IlerpoBuu, mimHOTO 310pOB’st Bawm,
JONMUTIUBUX 1 MPALIOBUTUX CTYAEHTIB Ta JI0B-
TUX POKIB XKUTTs!

BUITYCKHUKU 90-X:
JUIITAH TETSIHA BACWIIBHA,
PAIIEHKO AHJPI MUKOJIAMOBUY,
KEPJIULIbKMI MUXAJIO IMUTPOBUY

Ham BUITYCK BBiiimoB B ictopito Hesa-
JEKHOI YKpAIHU SK NIepIINi YKPAIHOMOBHUM B
KuiBcbkoMy  HalllOHAaJIbHOMY  YHIBEpCHUTETI
Oyniauura i apxitekrypu (KHYBA). Hay-
KOBO-TIEJIarOr1YHUNA KOJIEKTUB, SIKUH T'OTyBaB
Hac 210 podeciiHol TiTLHOCTI, MaB HA/I3BU-
YaiflHO BUCOKUHM KBaiiQikaliiiHuii piBeHb. Y
rpyni 3 HAMU BYMJIKCS XJIOMII, SIKI TPUNAIIIN
micnsg apmii, Manu Bxke cpopMoBaHMA CBIiTO-
risiA. BignoBimHO MM BUWIIHMCS Y HHX «pO3Y-
My», CTaBajM cTapmuMH. J[o mpaxTHYHUX
3aHATh TOTyBaiuca JoBro. «KcepokciB» He
Majly, TOMY BCE€ MHUCAIU BiJA PyKH, a Ha L€
Hnuo gyxe Oarato vacy. YHIBEpCHUTETChKa
«UUTaNKa» M0 M3HBOTO Bedyopa Oyia mepemno-
BHEHOIO CTYJICHTaMHU. XOTIB BOJOHITH 1H(HOP-
Mali€ro — MycuB uuTatd. Hes3Bakarounm Ha
CKJIQJTHOIII, HaBYaTHCs Oyso mikaBo. JloBomu-
Jocsi nmepeOyaoByBaTH CBOI AYMKH, HPOJOB-
KyBaTH MpIATH NMPO MaHOyTHE Ta pyxaTHUCs
nani. Y Hac He OyJIo BIEBHEHOCTI B 3aBTpalll-
HBOMY JIHI — 11e Oynm cximanai 90-Ti, TOMy HiX-
TO HE 4YeKaB Ha 3abe3nedyeHHs1 poboToro. Tu -
BUIIYyCKHMK 3  JUIUVIOMOM  IHXKEHepa-
OyniBenbHHKA, a 110 Jami?

Ak 3apa3 mam’sATaro, WIEMO IO JOBIOMY
YHIBEPCUTETCHKOMY ~ KOPHIOpPY, a CIiJOM
oknuk: «Bu mpuxonaere B acmipantypy!» (Ha
OJIHE MICIIE€ TOJIl IPETCHIyBAJIO I SITh BUITYCK-
HUKIB, IPU IJIAHOBOMY 3aMOBJICHHI — TPU MicC-
s B acmipantypi). BcTynHa xammnanis 3aBep-
IMjIacsk 3apaxyBaHHSAM IT'SITH aclipaHTiB Ha
kadenpy ocHoB i ¢pyHnamenTiB. Tak i mpomo-
BXKHWJIacsl Hamia cmiBnpans 3 boiikom Iropem
[TerpoBuyem 1 10 TEMEPINIHBOTO Yacy Ha Ka-
(denpi Ta B HAYKOBO-I0CIIIHIN 1abopaTopii.

brnusbko 30-Tu pokiB pUTM #HOro TPyAOBOT
TiSUTPHOCTI HE3MIHHUUN: 3aBXKIU B PYyCi, 3 TIOC-
MIIIIKOI0, TOTOBUM A0 BUPIIIEHHS OyIb-sSKOi
CKJIaJHOI 3amayl, He3aJeKHO BI TOTO YU CTO-
CYEThCSl BOHA MUTAHHS OyAIBEIBHOT MisUTBHOC-
Ti, Y1 MOOYTOBOTO XapakTepy (YOTo TiIbKU
BapTi BiJCTOIOBAaHHS MICIlb y TYPTOXUTKY ISt
MOJIOAMX BUKJIaAauiB). baratuii HaykoBuit

12



OCHOBHU TA ®YHJAMEHTU. 2020. Bumyck 40

JOCBIJ] Ta PAaKTHUKa — 1€ WOTO BipHI CYMyTHH-

KH.

VY chiBnpairi 3 KepIBHUKOM TTi3HAEII JTFOH-
HY PI3HOOIYHO: pO3yMie€ll i CTaH, CIpHUIMaEl
KPUTHYHI 3ayBa)K€HHs, TNPUCIYXa€WCs 0
npodeciitaux mnopan. IlpaBunbHi TyMKH T0-
YHHAIOTh 3 SBJISITUCSA TOJi, KOJMU 3700yBaell
OUiKyBaHMI pe3ysbTaT, abo K HaBIAaKH - IO-
YUHAEI aHaJi3yBaTH PHU3UKH, SKI MOXYTh
BUHUKHYTH, HEIOOLIHUBIIN BCIX AacCMEKTiB
BIUIMBY. ChOTo/iHI, Ha ’Kajib, MACOBE BUKOPHUC-
TaHHS YUCIIOBOI'O MOJICTIOBAHHS CTYyJIEHTaMHU
JIeT0 3HIDKYE 1HTEpec M0 HaOyTTS MpaKTHd-
HUX HAaBUYOK 1 pO3yMiHHS (DI3UYHHX MPOIIECIB,
sIK1 O€3MocepeIHhO BiIOYBAIOTHCS HA MaiiaaH-
YHUKY B PEAJbHOMY >KUTTI.

B Irops IlerpoBuua moeaHyeTbCs BiTIyTTS
Teopii 1 MPaKTUKU — (PyHIAMEHTAIbHI 3HAHHS,
BEJIMKHUIA MPAKTUYHHUNA JOCBIJ, IH)KEHEpHE Bil-
qyTTs Ta iHTYinis. Moro yemimaicts mossirae B
TOMY, IO BiH:

- He 00iThCS KPUTHUKHY;

- 0a4uThb MOMIIMBOCTI KOXKHOTO;

- Mae MIMPOKE KOJIO IHTEPECiB;

- aKTHUBHO «[IiPKUTATI3yE€ThCS»;

- TIO3UTUBHO JyMac;

- IIBHUJKO pearye Ha HemependadyBaHi MHpo-
(eciiiHi BUMAJKHU, YaCTOTA MPOSBY SIKUX 32
OCTaHHIH Yac 3HAYHO 3pOCa;

- 3aBXIH BIAKPUTHIA JO HOBOTO.

Ie, Ta me Oararo-06arato HeCKa3aHOro, Io-
MpU HEBOJIATaHHO CIUIMBAIOY JIITA, JTO3BOJISE,
HaBiThb y HENPOCTEe CbOTOACHHS, 3aJIMIIATHUCA
boiiky Iropro IlerpoBuuy HeopauHApHOIO
ocobuctictio. ToMy MU, 10ro KOJMIIHI CTyAe-
HTH, a Tenep - KOJIETH, 3INIIAEMOCS BISTUYHU-
MU HACTaBHHUKY.

BUITYCKHUKUA 2000-X:
HOCEHKO BIKTOP CEPTIMOBUY
IJUTYIKWIT BACUJIb JIEOHIJJOBUY
CKOYKO JIIOIMUJIIA OJIETIBHA

Jns koxkHOoro 3 Hac cmiBmparns 3 boiiko
Iropem IlerpoBruuemM noyanach 1ie B CTYIEHT-
CBbKI POKH, KOJIX BiH OyB HAIlIUM BUKJIaJaueM i
KEepIBHUKOM Marictepchbkux pooit. Tozai mu e
HE 3HaJM, 10 Halll TUTUIOMHHUN KEPiBHHUK CTa-
He 1711 Hac mpodeciiiHUM HacTaBHUKOM, BUH-

TEJIEM TI0 KHTTIO 1 JIIOAMHOIO, Ha Ky MOYKHA
MOKJIACTHCA Y OYyIb-SIKHX )KUTTEBUX CUTYAIlisIX
(Puc. 3).

boiiko Irop IlerpoBnu IMBOBMXKHA JIFOIH-
Ha - BiH HaJ3BUYAIHO CEpPHO3HO CTaBUTHCS 10
NUTaHb HAyKH 1 NPOEKTYBAaHHS, HIKOJIM HE
MPOMYCTHUTH J0 IPYKYy CTAaTTiO, a00 TE3H 3 Me-
TOI0 «100 Oyno». KoxHy 3 HHX TeperisHe,
NepevYnTaE, BUCIOBUTH CBOIO APYIKHIO, 10OpO-
3UWINBY KPUTUYHY IYMKY 3 METOIO IIOKpa-
IICHHSI 3MICTy HayKoBOi poOoTH. IIpakTuuHO
Ha KOXHe npodeciiiHe MUTaHHA BiH Ma€ BIlac-
HY JYMKY i CMiJ‘IBO il BUCIIOBIIIOE.

Puc.3. ¥V poGouomy kabineri.
Fig.3. In the office.

Mu Bci mam’siTaEMO TEpioj Mmepea 3axwuc-
TOM JHMCEpTaIlii, Koiu Oiraem mo BChbOMY YHI-
BEPCUTETY, 1 HE TUIbKH, 30Mparouu BIATYKH 1
penensii. Yacto 1e OyBae BHUCHAXIMBO, aje,
SIK TITbKYA HAYKOBIII Ji3HAIOTHCS, 10 KEPIBHUK
pobotu boiiko L.I1. B ouax yrojeii 3’ IBISIETbCS
moBara, 1 CTae 3pO3yMUTUM, II0 B HAYKOBOMY
cBiti nipizBuie Irops [letpoBuua — 11€ cBOEpI-
JTHUI «3HAK SKOCTI», TOOTO, sKIIO caM Irop
[leTpoBuu € KepiBHUKOM — poOOTa BapTa yBa-
ru. B mepion 3axucty aucepraumiiHux pooiT
MU HaMarajiucs MpeACcTaBUTH poOOTy Ha Ha-
JICKHOMY PIiBHI, aJK€ MH yCBIJJOMJIFOBAJIH, 110
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3a IIUM CTOITh BEJIMKE M’ HAIIOTO KEPiBHUKA
Boiika Irops IlerpoBuua, sike BiH 3700yBaB
CBOEIO KPOITITKOO MIOJICHHOIO TPAICio.

Irop TlerpoBuu 3aBxauM BMi€ MOOAYUTH B
TMOJAX 1X CHIIbHI CTOPOHHM 1 JaTH MOXKIIUBICTh
iM po3BHBATHCS, BMI€ TOBIPATH I[iKaBi 3a7adi i
npoektr. CHiBIOPAIIOIOYH 3 HUM, MU, SIK CIIe-
[iaTiCTH, TOCTIHHO BHMYIIEHI BHPIIIyBaTH
HECTaHJapTHI 3a/adi, MO HAJA3BUYANHO HAJIU-
Xa€ 1 3MyIIy€E BIPUTH B CBOI cHutd. MU 3HaeMo,
110 3aBXKJIM MOXEMO PO3PaxOByBaTH Ha JIOCBiJ
1 3HaHHA Hamoro kepiBHuka. [Ipodecop boii-
ko LIT. BupocTuB 1ty kKoMaHay mpodeciona-
JIiB, IO TIPEACTABJICH] Y PI3HUX KyTOUYKaX CBi-
Ty Ta Ha PI3HUX PIBHIX KEpIBHHUIITBA Oy/iBe-
JTFHUMU OpTaHi3allisiMu.

Yacro 3raayeTbest, M0 BiJIBIIyIOYH Pa3oM i3
cBOIM KepiBHHKOM boiikom LII. B sikOCTI Bin-
MOBIJAJBbHOINO BWKOHABIL 0Oarato-4ucenbHi
Hapaju 3 TEXHIYHUX MUTaHb M0A0 OyAIBHHUIIT-
Ba PI3HOMAHITHUX CKJIQJHUX Ta BIAMOBITAb-
Hux o00’ektiB (HCK Onimniiicbkuii, nepi
eKCIIepUMEHTaIbHI BUCOTHI OyauHKH B M. K-
€Bi, OYJIBHUIITBO CKJIATHUX IH)KEHEPHHUX CIIO-
PYI METpO, KOJEKTOPIB BEJHMKHX JiaMeTpiB),
Bac, Iropro IletpoBudy, 3 BEIMKOI MOBaroro
3ycTpivatoTh Barri yuHi, sIKi HUHI € KepiBHU-
KaMH HalOUIbIINX OyAiBEIbHUX IMiIPHUEMCTB.
B 1i MoMeHTH BifuyBa€em oro BEIUKY JOBIpY
1o tebe sk (axiBil, B e MOMEHT TH SIK TIpa-
Ba pyKa, a pa3oM MM KOMaHJa, IO BUpIIIye
HAWCKIIQAHINI T€OTEXHIYHI MUTAHHA, 3 SKUMHU
y MICTi, @ MOXe 1 B KpaiHi, B TaKUil CTHUCIUN
TEPMIH HIXTO HE BropaeThes. Lle croyatky T#,
SIK acIMipaHT, JOBrO BHUUTYEII KOKHE CIIOBO B
3BITI MPO IHKEHEPHO-TEOJIOTIUHI BUIIYKY-
BaHHS, HAMAral4uch HIYOTO Ha TMPOITyCTUTH,
a TBIM BUMUTEID BXKE 3HAE: B SIKIH OCIIIIOBHOC-
Ti B pO3pi3i 3ayArae KU map rpyHry; ae pos-
TaIllOBaHa «BOJA»; BIACTUBOCTI BCIX IPYHTIB 1
IIMPO 13 MOCMIIIKOI0 KOMEHTY€ BCi JIAMU «Te-
OJIOTiB» Ta BXE BIMYyBa€ MPOEKTHO-
KOHCTPYKTHMBHE pileHHA. Tu posymiem, Iie
HOT0 «3eMIIsD» BiH MMPAKTUYHO BCE MPO Hel 3Ha€
3a pOKH J10Broi mpodeciiinoi poboTH.

Mononi axiBmi Ta iHXEHEpH 13 TOCBI1IOM
JIOBTO JMBISATHCS Ha Tpadik CTATHYHOTO BHU-
npoOyBaHHs mTaii, a «maectpo» boiiko L.II.
Ka)kK€ TPAKTUYHO «CXOAY», IO TaM 1 fAK 3 i

HECY4YOI0 3JIaTHICTIO, JI€ PE3CpBH, TOMY IO
«Iepiry najio BUIpoOyBas aech y 1960 poriy.

Ha BiamoBimambHUX MDKHApPOJHHUX IPOCK-
TaxX Ta HaBiTh MPOCKTAX IUIAHETAPHOTO MacIIl-
Taly sK, Hampukiaa, OyaiBHHUITBO HoBoro
besneunoro Kongaitumenty B YopHOOMII
npodecop boiiko I.I1. anamizye BIacTHBOCTI
IPYHTIB OCHOBH IaJIb BEJIIUKOTO JiaMETpy, KO-
MEHTYy€ iX JUId YHCENIbHUX TIPEJCTAaBHUKIB
HaMKpalux TPOCKTHUX Opradizaiii €Bponu
(paHIy3pKO0I0 MOBOIO Ta MHUIIE Ha apKymIi
marnepy MporHO30BaHy HUM HECYYy 3/[aTHICTh
nmajgh IIe J0 TPOBEICHHS cepii IOpOTHX Ta
CKJIaTHUX TMOJHOBHX BUMNPOOyBaHb. A dYepes
PIK MiCJIA TPOBEACHUX MIATOTOBYMX Ta MOJIHO-
BHUX BHUIPOOYBAIBHHUX POOIT BCi PO3YyMIIOTh,
mo mnpodecop boiiko L.II. 3 cBoro mocBimy
3pobuB mporHo3 3 To4HicTio 10 % mo BigHO-
IIICHHIO JI0 OTPUMAHO1 peabHOI CUTYAIIii.

OpHOTrO pa3y Ha JEKIil CTyICHTH CITUTAJIH,
YU MOXY 51 PO3IMOBICTH MPO SAKICH IIKaB1 Ipoe-
KTH 3 JKUTTS, sl TPOIIKU 3aJlyMaBIIUCh 3pO3Y-
Mijla, OI0 MEHi JyXe CKIAIHO 3HAWTH SIKICh
«HelikaBi nmpoexktn», 60 1o Irops Ilerposuua
MPUXOJATH 3 TUTAHHIMH TPOSKTYBaHHS 4acTO
TOJ1, KOJIX 1HIT1 (haxiBIll HE CTIPABIISIOTHCSI.

OKpeMo XO4YeThCsl BUAUIUTH y4acTh Irops
[TerpoBuua y koHpepenmisx. Ha ycix 3axomax
BiH 3aBxjau OaxkaHa mojauHa (Puc. 4, 5, 6, 7).
Moro BHCTYIH 3aBXKIH HAXHXAIOTh, BOHHU HPO-
COUYCHI JKHTTEBUM JIOCBIIOM Ta BEIHKUMHU
3HaHHSMU B TEOTEXHIYHIN cIpaBi, HOro 3aB-
XKW IIIKaBO CIyXaTH, HE 3BAXKAIOYW YU THU
CTYJCHT, uu npodecop.

Puc.4.

3ycTpiu 3 PEeKTOPOM YHIBEPCHUTETY 3ele-
Hoi I'ypu, m.ITonbma.

Meeting with the Rector of the University
of Zielona Gora, Poland.

Fig.4.
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Puc.5. Yaacauku Mixkaaponnoi koHpepentii «CGE-2015», m.Kuis.
Fig.5. Participants of the International Conference «CGE-2015», Kyiv.

i

Puc.6. Bucryn boiika [.I1. Ha Mixnapoaniit konpepentii « CGE-2017», m.Ilonpa.
Fig.6. Speech by Boyko L.P. at the International Conference «CGE-2017», Poland.
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Puc.7. Unenu HaykoBOTO KOMiTeTy Ha BeeykpaiHchkiii reoTexHiuHii koHpepeHnii, M. [Tonrasa, 2008 p.
Fig.7. Members of the Scientific Committee at the All-Ukrainian Geotechnical Conference, Poltava, 2008.

Buctynu boiika LL.I1. myxe mpocti 1 3po3y-
MiJTi, BOJHOYAC TaM 3aBXKIU MPUCYTHS TIUOU-
Ha Marepiany, sakuil gonosinaerbes (Puc. 6).
Komnu Irop IleTpoBud € KepyrOUnM CEKI€0, TO
HE BaXIJIMBO SIKOTO DIiBHSA KOH(epeHIis (uu
MikHapoHa, YU CTYJACHTChKA) 1 XTO BUCTYIIA€
(urm mpodecop, UM CTYACHT) — BIH 3aBXKIU
MIPOHUKAETHCS JOMOBIIJIIO Ta 3aTOCTPIOE yBary
Ha aKTyaJbHHMX MOMEHTaX Y JOCIHIKCHHSIX,
HaBITh SIKIIO 1€ CTOCYETHCS CYMDKHUX JHCIIH-
TDTiH.

Bin ctBOproe Ta mpomarye KyJabTypy Ipo-
BEJICHHS HAyKOBOi KOH(EpeHIli: BiTalbHE
CJIOBO, 0anmaHC HAYKOBHX MaTepialliB Ha CEKIi-
siX, OOOB’SI3KOB1 3alUTaHHS JOIMOBIAAYY JUIS
JIOTIOMOTH PO3KPHUTHCS 200 HAIITOBXHYTH Ha
pillIeHHs, TUCKYCis HA 3aBEPILICHHS; HY 1 3BH-
YailHO «ApYy>KHS Beueps» 13 KoJeramu, Je Ia-
Hy€e aTMocdepa J0OpOTH, TOBAru 1 BATYHOCTI.

OcoOnuBy ysary Irop IletpoBuu mpuninsie
CBOIM YYHSIM — MOJIOJIUM HAYKOBIISIM. 3raay-
€ThCS, 110 KOIU MU pa3oM 3 Iropem IlerpoBu-
yeM i3aunu Ha koHpepentii (Puc. 8), ski mpo-
BOJMJIMCSL B IHIIUX MiCTax a0o 3a KOPIAOHOM,
MiJ] Yac MOi3AKU BiH 3aBXKAH PaIliOHAIbHO BU-
KOPHCTOBYBAaB 4ac — OOTOBOPIOBAB 3 KOXKHUM
CBOIM TMIJOMIYHUM PE3yJIbTATH TOCIiIKECHHS,
CIIyXaB JOTOBiJlb, JTaBaB PEKOMEHMAIll 1 J0-
nomaraB y (opMyBaHHI BUCHOBKiB. ToOTO 118
OyB 4ac, sIKHi MOXHa OyJI0 BUKOPUCTATH ISt

HayKOBOi poOOTH B TTOBHIN Mipi. AJie XOUEThCs
3BEpHYTH yBary Ha Te, 1o Irop IlerpoBuy Ha
KOH(epeHIIii 3aBXI1 NPUIKIKAE Y CYTIPOBOJII
II’SITH - JECSITH YYHIB, KOXKEH 3 SIKUX B JIOPO31
OTPUMYBAB BHYCPITHY KOHCYJBTAIIIO Y CBOTO
kepiBHuKa. [Ipu ibomy botiko L.I1. 3 nerkicTio
MEPEKITIOYAETHCS 3 TEMH HAa TEMY JTOCIIIKEH-
HS 1 1a€ KOPUCHI Ta BUYeprHi mopaau. Ls ra-
pHa puca Irops [lerpoBrua noka3ye HaCKUTbKH
BiH «3aHypeHUI» y CBOIO CIIpaBy Ta JIFOOWUTH
Hero 3aiimatucs. Hac 1e 3aBkaIu MOTHBYE Opa-
TH TPUKJIAa 3 CBOrO KepiBHMKA. Tomy 1o 3
KoXKHUM gHeM Irop IleTpoBuu — 1e Ta Jitoau-
Ha, sIKa 3aJ]a€ TOH CY4YacHiil MOJO/l K MOTpi-
6_11_0 pPO3BUBATHCS.

Puc.8. HacranoBu boiika L.II. mepen Buctymnom
Ha KoH(pepeHirii.
Fig.8. Guidelines Boyko I.P. before speaking at

the conference.
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Boiiko Irop IlerpoBud Bmi€ 00’eaHaTH KO-
JIEKTHB Ta CTBOPUTH JpykHIO atmMochepy. Ha
OyIIb-IKMX 3aCiJaHHSAX BiH 3aBXIU B TeMi PO-
3MOBH, 4acTO PO3MOBIJJa€ BUMAAKH 13 JKUTTH,
IuThest cBOiM  JocBigoM. Irop IlerpoBuu
BCECTOPOHHBO OCBITYCHHUH, OPIEHTYETHCS B
pizHuX cepax — 1me MOXKYTh OyTH BHU3HAYHI
MICIISI, TOJJOPOXKi, apXITEKTypa, CIIOPT, TipChKi
MOXOJH, My3€el, TeaTpH, 3aXifjHa KyJbTypa Ta
Oarato iHImoro. BiH € 11ikaBUM CHiBPO3MOBHHU-
KOM, SIK KaXyTb, 3 HUM HE 3acKy4aem. Mu 3
HaIlUM KEpIBHUKOM NPOBOJMMO 0Oarato uacy
HE TUTBKHU TI0 HAYKOBUX Ta pOOOYUX MUTAHHSX,
a 1 y ButbHuid yac (Puc.9-13). Irop IlerpoBuu
YM Ha MOJIbOBUX POOOTAX, UM HA KYJIbTYPHOMY
BINIOYMHKY HE I[ypaeThCsl HisIKOI poOOTH MO
MirOTOBII Ta opraHizaiii. Bin criokiiiHo Oepe
B PYKH JIOTIAaTy, MOJIOTOK, COKHPY TOIIO, MTOKa-
3yI0YH HaM TIPUKIAJ, IO € JOCHTh MOTHUBYIO-
quM (HaKTOpOM JJIS HaC.

Irop IlerpoBuu, 3Ba)kar0uM Ha BCIO CBOIO
NPUHIUIOBICTh, 3aJUIIAETHCS HAA3BUYANHO
JIOASIHAM, YyHHMM Ta BMI€ MiATPUMATH y Ba-
KKy XBWIMHY. [[11s1 HBOrO MOro KOJIEKTHB HE
MPOCTO CIIBPOOITHUKH, a BEJIHWKA POJHMHA, B
SIKIH BIH MYIpPHH, CIpPaBEIJIUBUNA Ta 3aBXKIH
PO3yMirOuHii OaThKO.

Puc.10.Ha BHI3HHX IOJIBLOBHUX JOCIIIKEHHIX.
Fig.10. On field field research.

Puc.9. Iligroroska oo MOJBOBUX HOCIIIKEHD.
Fig.9. Preparation for field research.
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Puc.11.Mixnapoani monpoBi gocmimxernas «Pile-test-2019». [mxeHepHO-Te0NOTiYHI BUITYKYBaHHS.
Fig.11. International field research «Pile-test-2019». Engineering and geological surveys.

I

izm!;mnmmri"‘f Jl"‘l‘“l}""!'

Puc.12.Mixuapoani monpoBi gocmimxeras «Pile-test-2019». [ligroToBka 10 BUIpoOyBaHHS TaJb.
Fig.12. International field research «Pile-test-2019». Preparation for pile testing.
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Puc.13.Yaacauku Mixkaapoanoi koapepenttii «CGE-2019», m.ITonpmia.
Fig.13. Participants of the International Conference «CGE-2019», Poland.

OKpeMHM pSZIKOM XO4YEThCSl CKa3aTH Ipo
Te, mwo Irop IlerpoBuu nyske manye Tpaauiii.
Ha koxxHoMy 3acinanHi, 4 TO Kapeapu, 41 TO
CeMiHapy, 4d TO KOH(]epeHIii, BiH 3aB¥Iu
3rajlye CBOIX BUHUTEIIB Ta PO3MOBIJIAE SK PO-
OWIM BOHH, SIK PO3BUBANHUCSH, SK (OpMyBaIn
CBOIO AyMKy. LluM BiH BIIaHOBY€ CBOIX BYM-
TENIB Ta HACTaBHUKIB, JIIOJEH sKi MpUilmManu
ydacTb y ¢opMyBaHHI HOro ocoOHCTOCTI Ta
3pocTaHHi sK cnemiamicra. Ilpum HamucanHi
HamMH HaykoBoi pobotm Irop IlerpoBuu
00OB’A3KOBO HArojOCUTh IIPO BKAa3aHHA Yy
CIMCKY JIITEPAaTypH KOJIET 3 HAIIOT0 KOJEKTH-
BY, K1 IpaIfOBaJIM 3aJI0BIO JI0 HAC Ta 3aKJalu
(GyHIaAMEHT sl CTBOPEHHSI Cy4acHO! reorex-
HIYHOT IIKOJIH.

Benuky nosary Bukinkae e, mo Irop Iler-
poBHUY He OOITbCA BM3HATH, IIO HA OKPEMOMY
eTari PO3BUTKY B MUHYJIOMY OaueHHs SKOiCh
Mpo0JieMH HE CMiBMaAa€e 3 CHOTOIHIIIHIM PO-
3YyMIHHSIM IIi€i X mpoOiemMu, ajxke, sIK TOBO-
puth Irop IlerpoBud: - «IOAMHA 3 4aCOM PO3-
BHUBA€THCS, HAOYBAIOYM JOCBiMY; Yac 3MIiHIO-
€TbCA - MU 3POCTAEMO, 3MIHIOIOTBHCS TYMKH,
3HaHHS Ta CTaBJIEHHS J0 THX YU 1HIIUX TBEp-

TOKEHDBY.

Boiixo I.I1. Bomogie mexiapKOMa MOBaMH,
Ha 3aKOPJIOHHUX MIKHApOJHUX KOH(EPEHIIIsIX
BUTBHO CHUIKY€ETHCS 3 KOJIETAMU, BEJE AHMCKY-
Cit0; BiH BIIEBHEHO /i€ B HOTY 3 4YacOM, Y HBO-
ro 6araro 1miaHiB Ha MaiOyTHE, BIH JUBUTHCS
MiHIMYM Ha 10 pokiB B mepej; 3aUIIAETHCS
aKTyaJlbHUM Ta 3aTpeO0yBaHuM QaxiBIeM 1
BYEHHMM Ha CHOTOIHIIIHIA J€Hb, BIH BIIOMHIi B
KOJII CIIeiaicTiB He TUIbKU B YKpaiHi, a i 3a
KOPJIOHOM, JI¢ KOPHUCTYETHCS BEIUKOIO TOBa-
roro Ta € 0aKaHUM FOCTEM.

Irop IlerpoBuy Mae GaraTto Haropojm, Bif-
3HaK, TpaMoT. BiH mpuiiMaB yyacTb y peKoHC-
TpyKIlli CBATO - MuUXalIiBCbKOTO 30J10TOBEP-
XOro cobopy, 3a MmO OTPUMAaB BiA3HAKY BiJ
IIpaBocnaBuoi LlepkBu Ykpainu 3 Haroau 20-
pivus ii BimHoBieHHs (Puc.14, 15).

Bzarani y Irops [lerpoBuua 6arato Bu3Ha-
YHUX 00’ €KTIB 3a IUICYMMA, B SKUX MPUXOIU-
Jocsl MpUKWMaTH 4acTo HE OpJAUHApHI Ta HE
cTaHfapTHi pimeHHs. Hanpuxmnan, y 3uMHeH-
cekoMy CBsTO-YcrieHcbkoMy CBSITOTIPCBKOMY
MoHacTupi y BonuHCBKiN 00nacTi mija Kepis-
HunrBoM boiika I.IT 6yno po3pobieHo pimieH-
HSI TIO TiJICWJICHHIO (DyHIaMEHTIB
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Puc.14.Bpyuenns BigzHaku botiky L.I1. 3 Haroau
20-pivust BimHOBNEeHHs CBsTo - Muxai-
JIIBCBKOTO 30JIOTOBEPXOTO COO0PY.

Fig.14. Presentation of the award to Boyko I.P. on
the occasion of the 20th anniversary of the
restoration of St. Michael's Golden-
Domed Cathedral.

VYcneHncpkoro cobopy najisiMu, a TaKoX BIIall-
TyBaHHS OrOPOJHKYI0UO] MiMiPHOI CTiHU.

V¥ Cnaco-IIpeoOpaxeHCbKOMY XPaMOBOMY
komiuiekci CBsito-bopuco-I'miGcpkoro xiHo-
4oro MoHacTups B c.Boxsiae 3miiBchKOTO paii-
OoHYy XapKiBChKO1 00J1acTi BUKOHAHO OyiBHU-
LITBO MIAMIPHOI CTIHU Ta PYH/IAMEHTIB.

[Mopsin 3 UM, B Horo pykax 30CepernKy-
I0TBCSL caMi «mpoOieMHi» 00’ektu M. Kuena,
Vkpainu, a takox CBITy, B SKHX HE KOXEH
TEOTEXHIK MOX€E MPUUHATH PillIeHHS.

3ABIZIVBAU KAGEIPH FEOTEXHIKH
KHUIBCHKOrO HALLIIOHANBHOIO YHIBEPCHTETY
BYAIBHHULITBA 1 APXITEKTYPH,
JOKTOP TEXHIYHHMX HAYK, INPOPECOP

LONKO
Liop Ilempobux

Puc.15.ITouecHa rpamora, Bpyuena boiiky L.II. 3a
ocobiMBi 3aciayru mepel YKpaiHCHKUM
HapOJIOM.

Fig.15. Certificate ~of honor awarded to
Boyko I.P. for special services to the
Ukrainian people.

He napma Irop IlerpoBuu mae myxe 6arato
HAropoJ Jep>kaBHOTO 3pa3ka. OaHa i3 OCTaH-
Hix — e Iloyecna I'pamoTa 3a ocoOnmBi 3a-
CIyTu Tiepea YKpaiHChKHM HapoJoM, BUIaHa
Bepxosnoto Panoro Ykpainu (Puc. 15).

boiiko Irop IlerpoBuu - 11e M10AMHA 3 Be-
JUKOT JITePH, MU MHILIAEMOCA, IO € HOro yd-
HSIMU.

Iropio IlerpoBuuy, BiTaemo Bac 3 roBine-
€M, OaxkaeMo Bam MIIHOTO 370pOB’sI, BEJIMKO-
TO HATXHEHHS JUIsl 3BEPIICHHS HOBUX imei!!!
Ham npuemno mpairoBatu 3 Bamu B ogHOMY
KoJIeKTHBi!!!
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B3aemoisi Hecyuux KOHCTPYKIIiii OyIMHKY 3 MAJI€BOI0 OCHOBOIO.
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AHoTanisi. Y naniii poOOTi mpencTaBieHi pe-
3yJNBTaTH JOCIIKEHHS MPOEKTHUX PIllIeHbh KOHC-
TPYKITifi 6araTormoBepXxoBoi OYIiBIIi 3 OOUPAHHIM
KpalHiX BEpTUKAIBHUX HECYYHX €JIEMEHTIB KapKa-
Cy Ha maJi mianipHoi ctiHu. J[OCHiKeHHS BUKO-
HaHi Ha 0a3l YHCENHFHOTO MOJICIIOBAHHS Y TPHBU-
MipHIA TTOCTAHOBII TSI €IEMEHTIB CHCTEMH «IPY-
HTOBa OCHOBa — ()yHJAMEHT — HaJ[3€MHI KOHCTPY-
KIIi» MpU CTaTHYHUX HaBaHTaxeHHsX. [IpoBeneHo
aHani3 HampyxeHo-aedopmoBaHoro crany (HAC)
B €JIEMEHTaxX KapKacy MpH TaKUX KOHCTPYKTHBHHUX
pimeHHsAX. BusBieHi 30HM KOHIIGHTpAIlil HaIpy-
KEeHb, B SIKHX MOXXYTh BHHHKATH HE3BOPOTHI He-
(hopmMartii npu po3paxyHKOBUX HABAHTAKCHHSX.

BcranoBieHo, 10 He3BaXKal4d Ha Te IO 3a
pPaxyHOK 3MiHH KOHCTPYKTHBHOI CXeMHU (yHIame-
HTY BJAJOCs JOCSATTH BiTHOCHOI Pi3HHMIII OCiJaHb
ONMU3bKO1 10 HOPMATHBHOTO 3HAYEHHS Ta CYTTEBO-
IO 3HW)KEHHsI 3TMHAJIbHUX MOMEHTIB B POCTBEPKY,
3aJUIIAINCH 30HU B IUIUTAX TEPEKPHUTTS KiTBKOX
HWXHIX TIOBEPXiB, JIe Bijl 3HAYHOI Pi3HUII OCilaHb
(yHIaMEHTIB MPOTHO3YBAIKCS TPOSBU HE3BOPOT-
Hux jaedopmaniid. Hagani pexomenaanii ta 3ampo-
TTOHOBaHI 3MiHH 0 KOHCTPYKTHBHOI CXeMH OYIH-
HKY, sIKi TalOTh 3MOTY 3a0€3IeYnTH HaJliliHI mpoe-
KTHi pillleHHS Ha BeCh TEPMiH eKcIulyaTauii Oynu-
HKY.

Ille omHa O0COONMBICTH MOCIHIMKYBaHOI OYIiBIIi
— e Te, M0 3allPOMOHOBaHE KOHCTPYKTHBHE pi-
IeHHS (DYHJIaMEHTIB 3 MaJlsiMU HEBEIUKOI TOBXKHU-
HU (6,0 M). TIpu Takomy pimieHHi BigOyBaeThCs
3MHUKaHHA 30H AedopMalliid I POCTBEPKOM Ta
ITiIONTBOKO TMajh 1 fedopMallii BU3HAYAIOTECS PO3-
MipoMm cropyau [l], a mami Juine MOKpamyroTh
BJIACTHBOCTI TI'PYHTIB y BEpXHIH YacTHHI OCHOBH
BHACIIIOK ii yIitbHeHHsI. Take pileHHs T03BOJIsIE
JOCATTH €KOHOMIYHOTO e(eKTy 3a PaxyHOK 3MEH-

“>

Irop boiiko
S P
' 3aBigyBad Kadeapu
7oy TFEOTEXHIKH
7 JI.T.H., Ipo.

v

Bosaoaumup Caxapos
3aBiqyBad Kadeapu
OyaiBeIbHOT MEXaHIKH
I.T.H., Ipo¢.

Ouaexcanap JInTBUH
ACHCTEHT Kadenpu
TEOTeXHIKH

LICHHS TOBKUHM Nallb, IPH HHOMY 3a0€3MEeUHBILIH
ociJjaHHs Oy TMHKY B MEXax JIOIyCTUMUX 3HAYCHb.

Kawuosi caosa. IlimmipHa criHa, ManboBHMA
(¢yHIaMeHT, MaiboBa OCHOBA, PI3HHUI OCiIaHb,
MepPepO3MNOiT 3YCHIIb, JKOPCTKICTh OYIMHKY, He-
(dopmariii oCHOBW, 3amaBIIOBaHI Tali, CHCTEMa
«IPYHTOBa OCHOBa — (YHAaMEHT — HaJ[3¢MHI KOHC-
TPYKIIi».
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I[TOCTAHOBKA ITPOBJIEMU

B ymoBax BeNWKHX MICT 31 3HAYHOIO BapTi-
CTIO 3€MENIbHUX IUISTHOK 3a0yJOBHHKH IIpar-
HYTh MaKCUMaJIbHO BUKOPUCTATH TUTOMI JiJs-
HKH BiJiBeJleHO miJ 3a0y10BYy, HAOMU3UBIIUCH
710 1CHYIOYOi 3a0y/TOBU Ta 3MEHILIUTH BUTPATH
Ha BIAIITYBaHHS (DyHAAMEHTIB Mpu OyiBHHUII-
TBi. OCOOMMBO 1€ aKTyadbHO MpPHU HASBHOCTI
MIMIPHUAX CTIH JJI yTPUMaHHI CTIHOK KOTJIO-
Bany. Lli (hakTopu MpHUBOAATH 10 MOSIBH MpoOe-
KTHUX PIIIEHb 3 PO3MIIICHHAM KpaWHIX Bep-
TUKaJTbHUX HECYYHX E€JIEMEHTIB KapKacy HOBO-
OyloBM Ha TajsdX MIAMIPHOI CTIHH, SKi
00’€THYIOTBCSl 3 IUIMTHUM DPOCTBEPKOM (yH-
naMeHTy OyaiBii. B pe3ynbrari yTBOPHOETHCS
cknagHui (riOpuaHmii) QyHAAMEHT 3 PSIOM
najb, SKi BIAPIZHAIOTHCS PO3MIpaMH 1 MarOTh
BUIILy HECYYy 3JaTHICTb IO BiJHOIIEHHIO 0
nanab GyHAaMEHTY OYJIiBJIi, HA SIKI CIIUPAETHCS
pelTa HeCy4oro Kapkacy.

AHAJII3 ITOITEPEJHIX JOCIIII’KEHD

SIKICTh TEOTEXHIYHUX MPOEKTIB 3aJCKUThH
Bil OBHOTH 1H(OpMaIii Ipo TepuTopito, e
po3TamoBaHuil OyniBenbHUN MalgaHuuk. B
Mepiry 4epry e AaHi Npo HallapyBaHHS IPYH-
TiB, IX BHJ Ta CTaH. BaXJIMBO KOPPEKTHO BH-
3HAYUTH MapaMeTpu IPYHTIB 3a 3aJaHOI0 IMPO-
IpaMoI0 3 ypaxyBaHHSM TEXHOJIOTIi BIIAIITY-
BaHHS (yHIAMEHTIB.

Binomo [1-4], mo na HIC enemeHTIB cH-
CTEMHU «OCHOBa — (PyHIAMEHT — HAJ3eMH1 KOH-
CTPYKIIii» CyTT€BO BIUIMBAE XapakTep HaBaH-
TaXEeHb 1 3MiHAa 1X KOMOiHaIli B mepiona 3Be-
neHHs Ta ekcroryaranii. [li HaBaHTa)keHHS
3YMOBIIIOIOTh 3MiHY MapameTpiB >KOPCTKOCTI
HECYYMX HAJ3€MHHUX KOHCTPYKIIii, SKi B CBOIO
4yepry, GopMyIOTh PEaKTUBHY €MIOPY B OCHOBI
i miaomBoo ¢GyHaaMeHTiB. Takuil migxin
Ooinpmr rmboko poskpuBae HJIC enmemeHTiB
CHCTEMH «OCHOBa — (h)yHIAMEHT — HaJI3eMHi
KOHCTPYKIIii» 1 3a0e3medye HaiiHICTh TeoTe-
XHIYHOTO TIPOCKTY.

META POBOTU

3a JOMOMOTOK YHCJIOBOrO IMITALiiiHOrO
MOJICTIIOBAHHS CUCTEMHU «OCHOBA — (DYyHIAMEHT

— Haj3eMHi KoHCTpykmii» mocmigutn HJIC
Kapkacy OyIWHKY IPHU PO3MIIICHHI KpaiHiX
BEPTUKAJIBHUX HECYYUX €JIEMEHTIB KapKacy
HOBOOY/IOBM Ha TalAX MiAMNIPHOI CTIHU JOB-
xuHO 18,0 M, a IHIIMX KOHCTPYKIIM Ha ma-
JISIX, SIKI MAIOTh 1HII PO3MIPH 1 MEHIITY HECydy
3IaTHICTh (PKOPCTOKICTH) IO BITHOMICHHIO JIO
najab MiAIIPHOT CTiHW. BUSBUTH 30HU KOHIICH-
Tpalli HaIpy>KeHb, B IKUX MOXYTb BUHHMKATH
HE3BOPOTHI Jedopmaliii Ta HaJaTH PEKOMEH-
Jarfii moA0 CTBOPEHHS! KOHCTPYKTUBHOT CXeMU
OyaMHKY, sika 3a0e3neuye HaiiHICTh MPOEKT-
HUX PillICHb.

OCHOBHE JOCJLJKEHHA

JocnmikyBannuid Oy IMHOK TPEJICTABIISE CO-
0010 CEeKIliI0 peasbHOro 0araTornoBEPXOBOTO
Oynuuky (17 moBepxiB) y hopmi NPSIMOKYTHHU-
Ka po3mipamu B 1uiai 36,0 x 15,4 M 3 migzem-
HUM TOBEpXOM Ha BiaM.-3,0 M. KoHCTpYKTHB-
Ha cxeMa OyiBJIl — MOHOJITHUHN 3aJ11300€TOH-
HUW KapKac 3 sApaMH )KOPCTKOCTI (CTIHU CXO-
noBO-TiTOBOrO By3na). Kpok BepTHKaTIbHUX
€JIEMEHTIB Kapkacy — Heperyysipauid. I[limoHu
— nepepizom 250 x 2100 mm. JlidroBi Ta cxo-
JIOB1 IIaXTH — MOHOJIITHI 3a711300€TOHHI CTiHH,
ToBIIMHOIO 250 MMm. Ilnutu nepekpurrs TOB-
nHOoI0 200 Mmm. dyHaamMeHT OyaiBIl TUTMTHO-
MaJIbOBUM, SKMU CKJIANA€ThCS 3 KBaJIpaTHUX
3a/IaBJIIOBaHUX Taib nepepizoM 350x350 mm 3
BJIAIITYBAHHSAM MOHOJITHOTO 3aJ1i300€TOHHO-
ro pocTBepKy BUCOTOIO 1,2 M. KiJTbKICTh maib,
ska Oyna mepenbaueHa B INEpIIOMY BapiaHTi
MPOCKTHUX PIIICHb, CKJIAJac: 3aJaBIIOBaHI
nauni nepepizom 350x350 MM noBxkuHOI0O 6,0 M
- 220 mt. Ta OypoHaOWBHI Maji MiAMIPHOL CTI-
HU JiameTpoM 620MM, 0 BKJIIOYEHI B pOOOTY
dbynnamenTy-15mr.

Januii OyAMHOK TOpLEBUM (hacajoM INpH-
MHKAa€ J0 ICHYIOUOTO YOTHPHOX MOBEPXOBOTO
LETIsHOro OyAWHKY Ha CTPIYKOBUX (hyHIame-
HTaX HErJIMOOKOIo 3aKyIaJaHHs.

IpyHTOBI YMOBH OyIiBENBHOrO MaiigaH4u-
Ka mpejcTaieHi y Tabmui 1 ta Ha Puc. 3.

PosramnryBaHHS TiABAJILHOTO TMOBEPXY HO-
BOOY/IOBH HIDKYE PIBHA MiAOIBU (DyHIaMEH-
TiB HETJIMOOKOTO 3aJIATaHHS ICHYI04Oi OymiBIi
BHUKJIMKAJIO0 HEOOXITHICTh Tepen0ayrTH i Ii-
pPHY CTiHKY 3 OypoHaOWBHUX Majib JiaMETPOM
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620 mMm, poexunoro 18,0 M. B mouyatkoBomy
BapiaHTI MPOEKTHUX pillleHb Nependadanoch
110, MiITpHa CTiHA Maja BUKOHYBaTH JBi (y-
HKIII{: yTPUMYBATH IPYHT B OCHOBI ITiJI IMiI0III-
BOIO ()yHIAMEHTIB icHYr0uoi OyniBii Ha mepi-
0]l pPO3pOOKH KOTJIOBaHY Ta 3BEACHHS MiI3eM-
HOI YaCTHHU 1 CIyTyBaTH OIOPOIO JJIsl BEPTH-
KaJbHUX HECYyYUX €JEMEHTIB Kapkacy y Top-
1eBiii yacTuHi HOBOOYynoBH (Puc. 1).

Kapkac

ooog
oooo
ooon
oood
ooog

IcHyrouMiA
6yanHOK

6m

I

MNani pyHAaMeHTY,
6yanHKY

MNani nignipHoi
CTiHU

MANUTHWI
pocTeepK

Puc.1. Cxema Hecyuoro kapkacy OYAMHKY 3
MiAMIPHOIO CTIHOIO.

Fig.1. Scheme of the load-bearing frame of the
house with a retaining wall.

Hecyuynm mrapom miomiBH 3aaBlIFOBAHUX
Najgh BUKOPUCTAHUH IMMICOK MIUTBHWHA JTpiOHUN
(ITE-5). biuHa moBepxHS IUX Malb 3HAXO-
TUTHCS B CYTJIMHKAX TYTOIIACTHYHUX.

Hocmimkenns HJIC enemeHTiB cuctemMu
«OCHOBa — (pyHIaMEHT — HaJI3eMHI KOHCTPYK-
1ii» Oynu BUKOHaHI Ha 0a3i YUCENBHOTO MO-
JIeITIOBaHHS Y TPUBUMIPHIN MOCTAHOBII Ha IO
CTaTHYHUX HABAHTAXKCHb.

PeanizoBana CEM KoHCTpyKIiii OyIuHKY 3
eJIeMEeHTaMHU MiANIPHOi CTIHU TpUBEJACHA Ha
Puc. 2. BeprukanbHi Ta TOPWU3OHTAJbHI eJe-
MEHTH KapKacy — MiJIOHH, CTIHH, SApa KOPCT-
KOCTI, TUTUTH TIEPEKPHUTTS, POCTBEPK MOJECITIO-
BaJINCh YHIBEPCAITbHUMHU YOTHUPHOX KYTOBHMHU
CKIHUCHHMMH eJIeMeHTaMu 0000HKHU. Ilami
MOJICJTIOBAITUCH YHIBEPCAIILHUM MPOCTOPOBUM
CTPWI)KHEBUM CKIHYCHHUM elleMeHTOM. J[is
MOJICJTIOBaHHSI 0araTomapoBoi IPyHTOBOI OC-
HOBHU BHKOPHCTOBYBAJUCH YHIBEpCAIbHI MPOC-

TOPOBI IIECTH Ta BOCBMH BY3JIOBi i30M1apamer-
pUYHI CKIHYEHHI eJleMeHTH. MaKCUMalbHO
HAOJIMKEHUH JT0 PEryJIsIPHOTO KPOK CITKHU JIIs
HECYYHX €JICMEHTIB Kapkacy cTaHOBUTH 0,2 M.
Jlnisi 3MEHIIEeHHSI KUTBKOCTI HEBIIOMHX KpPOK
CITKH Ul POCTBEPKY BHKopHcTanuii 0,5 M, a
JUISE TPYHTOBOI OCHOBU BHUKOPHCTOBYBABCS
smiHHEA Big 0,5M 10 2,5M 3 MOCTYNOBUM
301IBIICHHSM 10 Mipi BiIJAJICHHS BiJl KapKacy
OyniBii. Po3Mipu «BHpi3aHOT» YaCTUHH OCHO-
BU Ta TPAaHUYHI YMOBH Ha OOMEXKYIOUHX ILIO-
IMHAX Yy BIJMOBIJHUX TMepepizax MpU3Haya-
JIUCh TaKUM YHMHOM, I[00 HAWOUIBII TOYHO
BpaxyBaTH OCOOJMBOCTI B3a€EMO/IIi OCHOBH IIiT
(yHIaMEHTOM 3 OTOYYIOUUM IPYHTOBUM Ma-
cuBoM. OCHOBa poO3IIIsiaNach K MpykHE 0a-
raTomIapoBe TIIO Y BiAMOBIAHOCTI 3 T€OIOTIY-
HUMH po3pizamu. CTBOpEHA MOJIENIb HaJIiuyBa-
na 561 939 enemenris, 499 415 By3niB, a 3ara-

JIbHA KUIBKICTH HEBITOMUX cKJIazana
2615 299.
[Tami ¢ynmamenTtiB OyauHKYy 00’ €IHaHI

POCTBEpKOM 3 TaISIMH MIiAMPHOI CTiHU, SKi
BIIPI3HSIOTHCS] PO3MiIpaMHu 1 MalOTh BHIILy He-
Cydy 3[aTHICTh TO BIJHOUIECHHIO /O IHIIHUX
nanbe OyamHKYy. Hecyumm mapom i maib
nianipHoi ctinu € rnuHa TBepaa (IFE-9).

HapsemHi
KOHCTPYKLii

baratowaposui
rpyHTOBMM
Macus

G
| i
N i
i
i

vj b3
Puc.2. CkiHueHO-eIeMEHTHA MOEIb.
Fig.2. Finite element model
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Fig.3. Soil conditions.

Tabxn.1. @i3uko-MexaHiYHI MOKA3HUKU TPYHTIB

7

Table 1. Physical and mechanical properties of the soils

HopmataBHi 3HaYeHHSA
= HaiiMeHyBaHHs
- . Moayas | Hliae- |Murome | KyT
5y TPYHTY 3riHO aeqop- | WicTe | 3uennen| BayTp.
= .\‘(’:_ll_zlii, l‘p_"BT;‘. HA, TepTa,
MIIa /» MII. A
= | ACTYBB 2.1-2-96 B e
E p ¢ 0]

1 Hacumumii rpyHT 157

2 Pocmunumii TpyHT 1.49

3 MicoK WinbHWA ApiBHWIA 29 1.66 | 0,001 [ 30
4 Cynicok TBepauii 14 1.74 | 0.022 | 24
6 CYrnMHOK TyronnactuyHuia | 17 2,03 | 0.048 | 13

7 | CYyrIMHOK MAKONMACTUHHMIA| 11 196 | 0021 17
8 | CyraMHOK TyronnacTMyHui 16 1.85 10036 19
9a [nuHa HanisTBepAa 23 1,90 | 0,073 12
9 [nuHa HanisTBepaa 28 2,01 |0.120 9
10 lnuna TBEpaa 30 2,03 | 0119 12
11 CyravHoK HanisTBepaunin 25 197 10050 19
12 Cynicok TBepaui 22 1,77 | 0,020 | 25

3a pesynbraraMu JOCHTIKEHb BCTaHOBIIC-
HO, III0 MaKCHMaJbHE OCiTaHHS TPOTHO3Y€Th-
Csl B LIEHTPAJBHINA YaCTUHI POCTBEPKY, B 30HI
posTanryBanHs - sjpa KOPCTKOCTI 1 CKJIAJIo
59 mM. Jlam B panianbHOMY HampsiMKy 3Ha-
YEeHHsI OC1JIaHHS 3MEHIIYETHCS A0 KParo TUIUTH
1 mocsirae 3Ha4YeHHs 13 MM. BigHOCcHA pi3HUIIL
ocimanp (Puc.4) Mix psgoM MUIOHIB po3Ta-
IIOBAaHOMY Ha MIiAMIpHIM CTiHI 1 HACTyMHHUM
pSAIOM TIUIOHIB Ha TMaJieBiii OCHOBI CKIasia
i=0.0044, mo Oinplne B 1Ba pa3d HIX JOIyC-
TAME 3HAYCHHS inor=0.002 (tabn. Al nona-
TOK A [4]).

)
U
g\

\

gl

~ As/L=(31-15)/3670=0.0044>0.002

Puc.4.130momns ociiaHHS BEPTUKAIBHUX €IEMEHTIB
miaBamy, (MM).

Fig.4. Isofields of displacements
elements of the basement, (mm).

of wvertical

OT1xe, 0 ymMOBaM Je(OpPMaTUBHOCTI PO3T-
JISTHYTUW TOYaTKOBUN BapiaHT (PYHIAaMEHTy 3
OMMPAHHSAM YaCTHHH BEPTHKAIBHUX HECYYHX
€JIEMEHTIB Ha MAMPHY CTIHY TPHU3BOIUTH 10
MEPEBUILCHHST TOMYCTUMHUX 3HA4YCHb BiTHOC-
HOI1 Pi3HUII OCIJTaHb KOHCTPYKITIH.

3 MeTol0 MiABUINEHHS JepOpPMAaTUBHOCTI
Kapkacy OyauHKy OyJid 3ampOIiOHOBaHI 3MiHU
70 KOHCTPYKTHBHIN cxemMH (yHIAMEHTY,
LUIAXOM IONaBaHHS 3a11300€TOHHUX CTIH B
nigBanbHiil wactuHi (Puc.5). Take pimenHs
JI03BOJISIE TABUIIUTH >KOPCTKICTh (DyHIaMEH-
THOI YaCTMHU OyJIMHKY IIJISIXOM 00’ €JHAaHHS
POCTBEPKY Ta MEPEKPHUTTS IMiABATY 1 yTBOPUTH
¢yHIaMEeHT KOpoOYacToro THUIY 3 POOOYOI0
BHCOTOIO OJIM3BK0 3,0 M.
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L
Puc.5.®parMeHT po3paxyHKOBOI CXEMH 13 3MiHAMH
B KOHCTPYKTHBHIH cXeMi TiBaiy.
Fig.5. A fragment of the calculation scheme with
changes in the structural scheme of the
basement.

Hactynaum kpokom Oyna ouinka HJIC ka-
pkacy OymiBmi 31 3MiHAMHU B KOHCTPYKTHBHIM
cXeMi MmigBaiy.

B pesynbrari mpoBeACHHWX JOCITIKEHb 3
JOJJATKOBUMH CTiHAMH B MiABasi Oylo OTpH-
MaHO, IO BIIHOCHA PI3HHUIIA OCilaHb (yHIa-
MEHTHOI IUIMTH 3MEHIIWIACh MaibkKe BABIYl 1
cxiana 0.0022. 1li KOHCTPYKTHBHI 3aXOJU Ta-
KOX JTaTi 3MOTY 3HU3UTHU 3TUHAIbHI MOMEHTHU
B POCTBEPKY B 30HI sIJIpa )KOPCTKOCTI.

Takok BCTAHOBIICHO, II[0 HE3Ba)KalOUM Ha
T€ IO 3a pPaxyHOK 3MiHU KOHCTPYKTHBHOI
cxeMHu (yHIaMEHTy BIANOCS JOCATTH BiTHOC-
HOT PI3HUII OCi/laHb OJIM3BKOI A0 HOPMATHB-
HOTO 3HA4YEeHHSI Ta CYTTEBOTO 3HIMKEHHS 3THU-
HAJIbHUX MOMEHTIB B POCTBEPKY, B Ha/I3€MHIl
YaCTHHI HECY4Oro KapKacy 3alUIININCh 30HU
B TUTUTaX MEPEKPUTTS KiIbKOX HIDKHIX TOBEp-
XiB, Jie BiJ] 3HaYHOI pi3HMIII OcifaHb QyHIAaMe-
HTIB TIPOTHO3YBAIHUCS TPOSIBU HE3BOPOTHHX
nebopMmanii  y BUTISAl  TPINIMH, TOIIO
(Puc. 6).

Buxoasuu 3 1poro, 0yao peKOMEHIOBAaHO
OyIWHOK BUIMUIMTH BiJl MiAMPHOI CTIHU JIe-
(dbopMaliiHUM [IBOM Ta pO3TAIllyBaTH HECY-
Uil KapKac Ha OKpeMoMY (PyHIaMEHTI.

B xoni BUKOHAHHS TOCTIHKEHb TaKOX OyII0
3aMpoIIOHOBAHO 3MiHY PO3TallyBaHHS Majlb Ta
BEPTUKAIBHUX €JIEeMEHTIB Kapkacy. Cxema
MaJgbOBOI OCHOBH TIONS JUISL PO3POOJICHOTO
BapiaHTy (pyHIaMeHTiB HaBeeHO Ha Puc. 7.

OHW NpoAsy
€3BOPOTHMX
edopmauiin

Puc.6.3oau He3BopoTHHX aAedopManii B IUTUTAX
MEPEKPUTTSI KUTBKOX HUXKHIX TTOBEPXIB.

Fig.6. A fragment of the calculation scheme with
changes in the structural scheme of the
basement.

FiSi
LIRS

Biidia

i £ . 51
i i g

jul

a1 wn %1

Puc.7.CxemMa majnbpoBOro moJist s po3poOJIeHOro
BapiaHTy (YHIaMEHTIB.

Fig.7. Pile field scheme for the developed variant
of foundations.
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Takox ciix 3BEepHYTH yBary Ha Iie OJHWH ac-
MIEKT Mepeadyi HaBaHTA)KEHHs Ha OCHOBY Bij Oara-
TOIIOBEPXOBOTO OYIUHKY 4epe3 (yHIAMEHT 3 Ta-
JIIMM HEBEJIMKOI TOBXUHU. Sk BuaHO 3 Puc. 8 Bxke
mpu 15% HaBaHTaXeHHS BiIOYBAa€THCS 3MUKAHHS
30H jAedopmalliii MiJ pPOCTBEPKOM Ta IIiIOIIBOIO
nanb. B npomy Bunaaky aedopmariii BU3HAYAOTh-
cs1 po3MipoM criopyau [1], a mami Jmmie moKpanry-
I0Th BJIACTUBOCTI IPYHTIB Y BEpXHill YaCTHHI OCHO-
BH BHACHIOK ii ymiineHeHHs. Take pilieHHs 10-
3BOJISIE TOCSATTH €KOHOMIYHOTO e(EeKTy 3a paxyHOK
3MEHIIeHHS JTOBKWHU Tallb, TIPU IIbOMY 3abe3re-
YUBIIXA OCiIaHHS OYJAMHKY B MEXax IOIMYCTUMHX
3HaueHb. lIpoBeneHi mocmimkeHHS MOKa3aid, M0
0e3 TMmoKpaIreHHs] BEpXHIX MIapiB IPYHTIB OCHOBH
32 PaxyHOK YIIUIbHEHHS 3a0MBHUMH MAISIMH OCi-
JIaHHSI IEPEBUIYIOTh JTOITYCTHMI 3HAYCHHS.

25



BASES

AND FOUNDATIONS.

2020. Issue 40

5%

B 30Hu gedopmaliit FpyHTY
Bl He nedopmoBaHa 30Ha FpyHTY

Puc.8.Cxema 30H nedopmartiii rpyHTY B OCHOBI.
Fig.8. Scheme of soil deformation zones at the
base.

BHUCHOBKU TA PEKOMEH/IALIIT

®opmysanns HJIC B enemeHTax cucreMu
«OCHOBa — (YHIAMEHT — HaJ3eMHI KOH-
CTPYKLIi» 3yMOBIIOETHCS MOCTIIOBHICTIO (Te-
XHOJIOTi€I0) 3BENICHHS TOBEPXiB OyAWHKY, B
HACJIIJIOK YOTO 3pOCTa€ )KOPCTKICTh KOHCTPYK-
TUBHHUX EJIEMEHTIB Ta 3MIHIOETHCSI €BOJIOLIS
(hopMyBaHHSI PEaKTHBHOI €MIOPU B OCHOBI MiJ
nigomBoo QyHmaameHTiB. Ha meil ¢gakT Haro-
jouryBanocs B myOmikarisx [2], [3]. OcobnuBo
IpH [BOMY CIIJ BPaxOBYBaTH 3BEACHHS IIi-
J3eMHOI1 YacTUHU OyIiBii, KOHCTPYKIII Oro-
POJUKEHHSI KOTJIOBAaHY Ta TUNY ()YHJAAMEHTIB
ICHYIOUHX CYCITHIX OyiBETb 1 CIOPYI.

[Tpu BapiaHTi pO3MMPEHHS] KOPHCHUX ILJIOMI
HaJl OTOPOJDKYIOYMMHU KOHCTPYKIISIMH KOTJIO-
BaHy 3 SIBJISIIOTBCS HOBI 3a/a4i PO3MIIICHHS
MiJIOHIB B 30HI MiAmipHUX cTiH. s BuUmanky
oOnMpaHHs MUIOHIB HA Mali MiIMIPHOI CTiHK
Ta NP HAsBHOCTI B LIl 30HI MPOCTOpPY 3 raba-
pUTamMH TpPOI3y IOXKEXKHOI TEXHIKM Ha JBa
MOBEPXHU, B OKPEMHX KOHCTPYKTUBHHX elieMe-
HTax (MJIOHHU, POCTBEPKH, IEPEKPHUTTS) CYTTE-
BO 3POCTaI0Th 3TMHAJIbHI MOMEHTH, SIKi 3yMOB-
JIOIOTh 30HM 3 IUIOMICI0 apMaTypw 3a
120 cm?/m.

B ymoBax npuOymoBu npu 3araubIeHHI Ti-
JIBAJILHOTO TIOBEPXY HIKYE MiJOIIBU 1CHYIO-
ynx (hyHIAMEHTIB PEKOMEHIYEThCS Tependa-
YUTH 3aXUCHUN €KpaH i3 3a/laBIIOBaHMUX Hallb
MAaJIOTO JiaMeTpy JUIsl OJIOKyBaHHS HAIPYKECHb
B CTHUCJIMBIM 30HI OCHOBHU Tif iCHYIOUUM Oy-
JITHKOM.

Jls11 OrOpoKEHHS KOTJIOBaHY 4acTo BUOH-
paroTh OypoBi mam 3 30ipkor0 MiK HUMHU. B
NeSIKUX BHUIMAJKaX y 3a0yJOBHUKIB BUHUKAIOTh
Oa)kaHHS BHKOPHCTATH YTPUMYIOUl KOHCTPYK-
1ii mMigmipHUX CTIH A7 OOMUpPaHHS BEpTUKA-

JHHUX HECYYHMX CJIEMEHTIB Kapkacy. AHami3
HJIC ocHOBU Ta HaJg3eMHMX KOHCTPYKIiH mpu
TaKOMYy BapiaHTi IMOKa3aB, IO pi3HA JKOPCT-
KICTh KOHCTPYKILIM MiAMIpPHOT CTIHM Ta Malb
¢byHmamenty OyniBii 3yMOBJIOE TOSIBY 30H
KOHIIEHTpallii HampyXeHb B POCTBEPKY Ta
TUTATaX TIEPEKPUTTS HIDKHIX TIOBEPXIiB 1 BiAIO-
BITHO B HUX 30UIBIIYETHCA MPOIEHT apMyBaH-
HSl, IKMH NIEPEBUIILY€E TpaIulliiiHe 3HAUCHHS.

3 MeTo10 3a0e3MeueHHs HaAIHOCTI TTPOEK-
THHUX pilIeHb BUKOHAHO PO3PaxyHKHU 3 Pi3HU-
MU PO3TallyBaHHAM HECY4YUX €JIEMEHTIB Kap-
kacy. lle mo3BONMIO 3MEHIIUTH HEOOXIiIHI
IIJIONII apMAaTypH B MIBTOpPA pa3u B MOPIBHIHHI
3 BapiaHTOM OOMUpPaHHS MUIOHIB HAa MiAMIPHY
CTIHY Ta MOKPAIIUTH POOOTY IUIUT MEPEKPUT-
TiB HIKHIX MOBEPXiB, 3aMo0Iry MposiBy He-
3BOPOTHUX Aedopmariiii I Jac eKcruryaTari
OyIMHKY.

BusBiieHO MO3UTHBHI 1 HEraTHBHI BIUIMBHU
TEXHOJIOT11 BIABIIIOBAHHS 32 JOMOMOTOI0 BaH-
TaXHOI MIATHOPMHU 32 KUTAMCHKUM MAaTEHTOM,
a caMe MOXJIMBUI AMHAMIYHUHN yaap Ha OCHO-
By IO HemomycTuMo mnpu mnpudymosi. Llew
dakT ciig JoCHiIKyBaTH, SIK yIapHI XBUJI
BIUIMBAIOTh HA OCHOBY ICHYIOUOTO OYIWHKY
SKIIO BiH MOOyJOBaHUM Ha (QyHIZaMEHTax He-
TJIMOOKOTO 3aKIagaHHs.

TexHOJIOrI0 3MaBIIOBAHHA I[AJIb 3 JIEHHOL
MOBEPXHi, SKa BHUIIA 3a TMO3HAYKY ITiIOIIBU
POCTBEPKY, HE BapTO PEKOMEHIYBaTH, OCKiJIb-
KM LIapHIpHE 3'€lHaHHSA MOJOBXKyBaua s
nanp He 3a0e3rnedye BEpPTUKAJIBHOCTI ii BIaB-
mroBaHHA. J[o TOro >k MOTIM BUHHMKaE 3ajada
BUOOPY TEXHOJIOTIi PO3POOKHU IPYHTY, OCKiJIb-
KM JIJIs1 3aXMCTy 3aJaBJIEHUX TaJlb HEOOX1ITHO
OKpEMO TOTYBaTH YMOBHU POOOTH MEXaHi3MiB,
100 He MOIIKOAWTH IIi maii. B Takux ymoBax
HEOOXITHO OpraHi30BYBAaTH KOHTpPOJIb 3a 30e-
PEXEHHSIM MPOSKTHOTO TOJIOKEHHS 11 IiTICHO-
cTi ctoBOypa (Tina masni).

PekoMeHay€eThCSl BIAIITOBYBAaTH IOXKEXK-
HUH TpOi3]] 3 MPOTHIICKHOI CTOPOHU BiJl iCHY-
toyoro OyauHky. lle 103BONMMTH MOKpamuTH
B3a€MO/JIII0 KapKacy HOBOTO OYJIHMHKY 3 OCHO-
BOIO 1 3MEHIIUTH BIUIUB Ha (DyHIAaMEHTH He-
IIIMOOKOTO 3aKIa/IaHHs ICHYI0UOTO OYAHHKY.

BusiBneno toit ¢axr, 1mo 3pocTaHHs HaBaH-
Ta)XEHHS Ha MaJI0 3yMOBIIOETHCS HE 301Ib-
IIEHHSIM OIOPY TPYHTIB OCHOBH, a 3MIHOIO

26



OCHOBHU TA ®YHJAMEHTU. 2020. Bumyck 40

B3a€EMOJIIT M 3 OCHOBOKO 10 1i OI4HIH TTOBEp-
XHi, TOOTO BHUHUKA€ HAXWICHUH INTAMIT 3a-
MICTh BEPTUKAIBHUX JTOTUYHHUX HANPYKEHb HA
O14HI MOBEPXHI MaJli.

UmncnoBe MOJICITIOBAHHS B3a€MOIIi €JIeMEeH-
TiB KOHCTPYKIIii SIK CUCTEMH «OCHOBa — (pyH-
JaMEHT — HAJ3eMHI KOHCTPYKLID» I03BOJISIE
OOIpyHTYBaTH palliOHAJIbHE PO3TAllyBaHHs
nanb 1 X reoMeTpu4Hi po3MipH (IOBXHHY,
repepi3), a Takox 3abe3reuye KOHTPOJb 3a
PO3MOIITIOM 3YCHUJIb B MaJSAX IMiJ MiJIOHAMH 1
CTIHAMH SJIp )KOPCTKOCTI.
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Interaction of load-bearing structures of the
house with a pile basis

Igor Boyko,
Volodymyr Sakharov,
Alexander Litvin

Summary. This paper presents the results of
research of design solutions of multi-story building
structures with the support of the extreme vertical
load-bearing elements of the frame on the piles of
the retaining wall. The research is performed on
the basis of numerical modeling in three-
dimensional formulation for the elements of the
system «soil base - foundation - above-ground
structuresy at static loads. The analysis of the
stress-strain state (SST) in the elements of the
frame with such constructive solutions is carried
out. Stresses of stress concentration in which irre-
versible deformations may occur at design loads
have been identified.

It is established that despite the fact that due to
the change of the structural scheme of the founda-
tion it was possible to achieve a relative difference
of subsidence close to the normative value and a
significant reduction of bending moments in the
grille, there remained zones in the floor slabs man-
ifestations of irreversible deformations were pre-
dicted. Recommendations are given and changes to
the constructive scheme of the house are offered
which allow to provide safe design decisions for all
term of operation of the house.

Another feature of the studied building is that
the proposed design of foundations with piles of
short length (6 m). With this solution, the zones of
deformation under the height of the pile and the
sole of the piles are closed and the deformations
are determined by the size of the structure [1], and
the piles only improve the soil properties in the
upper part of the base due to its compaction. This
solution allows you to achieve an economic effect
by reducing the length of the piles, while ensuring
the subsidence of the house within acceptable val-
ues.

Key words. Retaining wall, pile foundation,
pile base, subsidence difference, redistribution of
forces, rigidity of the house, deformations of the
base, crushed piles, system «soil base - foundation
- above-ground structuresy.
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Amnoranisi. [IpoBeieHO HATypHUN €KCTICPUMEHT
3 JOCHiKEHHS poOOTH 0araTOBUTKOBOI Malli MpH
CTaTUYHOMY BJABIIOIOYOMY Ta BHCMHKYIOUOMY
HaBaHTa)KEHHI B NIIITYBaTO-TJIMHUCTOMY TPYHTI.

Ha ocHOBI mpoBeAeHOT0 HATYPHOTO BUIIPOOY-
BaHHS 0araTOBUTKOBOI Majli MPH CTaTHYHOMY Ha-
BAaHTAXXCHHI B MWIyBaTO-TIMHUCTOMY IPYHTi BH-
KOHAHO YHCJIOBOTO MOJICNIIOBAHHS HAIPy>KEHO-
neOpPMOBAHOTO CTaHy OCHOBH 0araTOBHTKOBOI
nai.

baratoBuTkoBi mami aKTUBHO BUKOPHCTOBY-
IOThCSI TI0O BCBOMY CBITY, a TaKOX 3a3Halil IIUPO-
KOTO pPO3MOBCIOJDKEHHS Ha Teputopii YkpaiHu.
@dynnaMenT 3 6araTOBUTKOBUX IAJlb YacTO BUKO-
PHCTOBYIOTh ISl TIPOMHCIOBOTO Oy/AiBHHITBA a
TakoX (PyHIAMEHTIB MaJIOMOBEPXOBUX OyIiBelb i
CTIOpYI.

He 3Baxkatoun Ha picT MONUTY HA BUKOPHCTAH-
Hs1 0araTOBHTKOBUX Tallb B Cy4acHOMY OyIiBHHII-
TBi, HE ICHY€ >KOJHOTO O(DIIIIHOTO JOKYMEHTY 3
PO3paxyHKY OCOONHMBOCTEH iX KOHCTPYKIIi Ta He-
cydoi 3maTHOCTI. lle BUKJIIMKae HU3KY HOBHX 3a-
BllaHb TIepe] IHKEHepaMU Ta TEOTEXHIKaMH: a)
pO3poOKa HOBHX CyYacHHX METOMIB PO3pPaxyHKY;
0) po3poOka Ta BUKOPUCTAHHS CydaCcHHUX HOpMa-
THBHHX JIOKYMEHTIB Ta PEKOMEHMIAIIA I po3pa-
XYHKY (yHIaMEeHTiB 3 0araTOBUTKOBUX Iialb B
PI3HOMAHITHUX TPYHTOBHX yMOBax; B) BHKOpPHC-
TaHHS CHUCTEM aBTOMAaTH30BaHOTO IMPOCKTYBaHHS
JUTSL PO3paxyHKY CKJIaJHUAX TE€OTEXHIYHHX 3a/1ad; T)
po3poOka po3paxyHKOBUX MOJENel, sKi OyIoyTh
BpaxoByBaTH HENiHIKHI Moneni aedopMyBaHHS
MaTepiajiiB Ta IPYHTOBOI OCHOBU. DyHmAaMeHTH 3
0araTOBUTKOBHX IaJb € MEPCIIEKTHBHUM HATIPSIM-

Boaoaumup Cenin

3aBigyBay Kadenpu

TH)KEHEPHOT Ie0JIOTii 1 TeOTeXHIKH
I.T.H., Tpo¢.

Buagucaas Kosoa

JIOLICHT Kadenpu

IH)KEHEPHOT reoJIorii 1 Fre0TeXHIKH
K.T.H., JIOLL.

IOpiii Bonsincbkmii
acmipaHt kadeapu
IH)KEHEPHOT reoJIorii 1 FreoTeXHIKH

Karepuna Bikyc

JOLICHT Kadeapu

IH)KEHEPHOT Ie0JIorii 1 Fe0TeXHIKK
K.T.H., JI0LL.

KOM B rany3i QyHIaMeHTOOyIyBaHHS 32 PaxyHOK
3MEHIIICHHS TPUBAJIOCTI BIIAMTYBaHHS (pyHIaMEH-
Ty a TaKOX HOro eKOHOMIYHOCTI. J[j1st 11boro Heob-
XiHa po3poOka HOpPMATHBHUX NOKYMEHTIB 3 pe-
KOMEH/IAIISIMU IS PO3PaxXyHKY Ta BUKOPHUCTAHHS
0araToBUTKOBHX Tajh B Taly3i (GyHIaMEHTOOYIY-
BaHHS, PO3pOOKa CyYacCHHUX PO3PaxXyHKOBHX MOJIE-
JIeH IS po3paxyHKy HeCydol 3JJaTHOCTI Ta OCiaH-
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HS 0araTOBUTKOBHX Malb B PI3HUX T'€OJIOTIYHUX
yMOBaXx.

Ha ocHOBI pe3ynbTaTiB MPOBEACHOTO HATYPHO-
ro JOCHiKeHHsI poOOTH 0araTOBUTKOBUX Mallb B
TIIMHACTUX TPYHTaX BHKOHAHO YHUCIIOBE MOJIEITIO-
BaHHS HAIPY>XEHO-1e(h)OPMOBAHOTO CTaHy OCHOBH
0araToBHUTKOBOI TaTi, Ta TOPIBHIHO iX Pe3yJIbTaTH.

KurouoBi ciaoBa. baratroButkoBa mans, Hampy-
KEeHO-1e(OpPMOBaHUI CTaH, YHCIOBE MOJIEIIOBAH-
HS, NIPY>KHO-IIACTUYHA MOJIENb IPYHTY, IIUIIyBaTO-
[JIMHUCTHHN IPYHT.

ITOCTAHOBKA ITPOBJIEMU

CporomHi crajgeBl OaraTOBUTKOBI IIajl €
MIPEKPACHOIO AIBTEPHATHBOIO TPATUIIHHOMY
O0eTOHHOMY (GYHAAMEHTY 1 MOXYTh YCIIIITHO
KOHKYPYBAaTH 3 HUM 32 PaXyHOK €KOHOMIYHOC-
TI Ta TEXHOJOTIYHOCTI MPOIECY iX BIAIITY-
BaHHs. bararoBUTKOBI Maji aKTUBHO BUKOPHUC-
TOBYIOTBCS TIO BCbOMY CBITY, a TaKOX 3a3HAJIN
IIUPOKOTO PO3MOBCIOKEHHST HAa TEpUTOPIi
VYkpainu.

BaratoBuTKOBI mani BUKOPUCTOBYIOTHCS
TaM, e HeoOXiJHa BeIuKa IIBHIKICTH 3BEICH-
Hs (GyHIAMEHTY: NpH BIAIITYBaHHI (QyHIame-
HtiB JIEII, omopax KOHTaKTHOI Mepexi 3aii3-
HUIb, IPU 3BEACHHI BEX MOOUIBHOTO 3B'SI3KY,
npu OyAiBHUITBI HadTO- 1 Ta30mpPOBOIIB, B
OyAiBHULITBI p0o30ipHUX, THMYACOBHX MOCTIB 1
MpUYaTiB, a TaKOX (PYHIAMEHTIB MaJOIOBep-
XxoBuX OyniBens i ciopya. HaitOinpmum nonu-
TOM JlaHa TPOAYKIlisI KOPUCTYEThCA Y HAPTO- 1
ra3o00yBHUX KOMIIaHi{, y BINCPKOBHX 1 IpO-
MHUCIIOBUX OYMIBEIbHUKIB, Yy KOMIIaHIH, IO
BUKOHYIOTH BIJIHOBIIIOBaJIbHI poboTu. bynise-
JBHI Oprasizaiii, 1o 3aiMarThCs 3BEACHHIM
KUTIOBUX OyIWHKIB, B IIbOMY CIHCKY IPHUCY-
THI, ajie JaJeKO He Ha JIAUPYIOUUX I[03HU-
misx [1].

Hes3Bakaroum Ha piCT TOMUTY HAa BUKOPHC-
TaHHS OaraTOBUTKOBHX TMajlbh Yy Cy4acCHOMY
OyIiBHHUIITBI, B YKpaiHi HE iCHY€ J>XOIHOTO
0(iifHOr0O HOPMATHUBHOTO AOKYMEHTY 3 PO3-
pPaxyHKy OCOOJMBOCTEH iX KOHCTPYKIi Ta
HECy4ol 3/IaTHOCTI. A Ti HEYHUCIICHHI peKOMe-
HJaIlli 1HO3eMHHMX 1HXKEHEPIB II0JI0 PO3paxyH-
Ky Ta O0COOJIMBOCTEH pOOOTH HOaHOTrO BHUIY
naJb NOTPeOYIOTh 3HAYHOTO JTOOTIPAIFOBAHHS.

AHAJII3 ITOINEPEJHIX JOCIIII>)KEHD

Amnaii3 poOiT BITYM3HAHUX Ta 3apyOiKHUX
BUEHUX [2-4] BHUCBITIIOE MOCTIIKEHHS 0CO0-
JMBOCTEH BUKOPHUCTAaHHSA Ta TOKPAIICHHS Xa-
PaKTEpUCTUK HECY4Ol 31aTHOCTI 6araToBUTKO-
BUX nayb. [lepeBakHo y myOuikamisix mokasa-
HO Te, IO HeCydya 3JaTHICTh MPOMOPLIHHO
3aJIeKUTh BiJl KOHCTPYKLIi maji (KpoKy BUTKIB
Ta X po3Mipy) I'PYHTOBUX YMOB, a TaKOX BIJ
JOTPUMAHHS TEXHOJIOT1i 3arBUHYCHHS MaJb.

META POBOTU

[IpoBecTn HaTypHUIl €KCIEPUMEHT 3 JOCIi-
JDKEHHST poOoTH 0araToBHTKOBOI Taji mpwu
CTaTUYHOMY BJIaBJIIOIOYOMY Ta BHUCMHUKYIOYO-
My HaBaHTaXE€HHI B NHIyBaTO-IJINHUCTOMY
IpyHTi. CTBOPUTH YHUCIOBY MOJENb Ta BUKO-
HaTH 4YMCJIOBE MOJIEIIOBAHHS HAIIPYy)KEHO-
ne(opMOBaHOTO CTaHy OCHOBH OaraTOBUTKO-
Boi mami. [IopiBHATH pe3ynbTaTH YUCIOBOTO
MO/IEJIIOBAHHS Ta HATYPHUX BUIIPOOYBaHb.

OCHOBHE JIOCJIIJKEHHST

[TpoekTyBanHs (yHIaMEHTIB 3 0aratoBUT-
KOBUX Iajlb MaJIONIOBEPXOBUX OYyJIMHKIB Ta
CHOPYZA CYNPOBOIKYETHCS iX palliOHAIbHUM
PO3MIIIEHHAM B ME&Xax (QyHIaMEHTY CIIOPYAH.
Le#t mpouec BuMarae 4iTKOTO YSBJICHHS IPO
poboTy OaraToBHTKOBOi maji B TPyHTI Ta ii
HECY4YOi 3/1aTHOCTI, SIKa 3HAYHO 3aJIC)KUTh BiJl
IPYHTOBUX YMOB. Ha choropHimHiii aeHbp B
VYkpaiHi He ICHye Cy4acHUX HOPM Ta NpaBHII
JUTSl BA3HAYEHHS HECYYOi 3/IaTHOCTI OaratoBu-
TKOBHMX TaJib Ta MPOEKTYBaHHS (YHAAMEHTY 3
BUKOPHUCTAHHSM IT1aJIh MOAI0HOT KOHCTPYKITii.

Tomy, mocuTh 4acTo, HeCy4y 3JaTHICTh Oa-
raTOBUTKOBHX IaJb Ta MPOTHO3YBaHHA iX OCi-
JaHHS B1Jl MAaKCHMAJIbHOTO MPOEKTHOTO HaBa-
HT2KEHHS MO)KHA BU3HAUWTH JIMIIE 32 JIOTIO-
MOT010 iX HaTypHUX CTaTUYHUX BUIPOOYBaHb.
Ane chOroJiH1 He ICHY€ TakOX 1 HOPMaTHBHOI
METOJMKH Il HaTypHOI'O JOCIIKEHHs MaJlb
MoMi0HOT KOHCTPYKIIIT.

Jii  eKCTIepUMMEHTABHOTO  JIOCIIIKEHHS
ociJaHb 0araTOBUTKOBOI Maji OyJM MpoBeAeH1
KOMIUIEKCHI HaTypHI BHIPOOYBaHHS OCHOBUM
BJIABJIIOIOYMM Ta BHCMUKYIOYHM HaBaHTa)KEH-
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HSIM JIOCJIIIHOI maji JoBKuHOI0 2,0 M 3 JgiaMe-
TpOM CcTOBOypa 76 MM Ta JiaMeTpOM BHUTKa
106 MM.  [HXKEHEpPHO-TEOJIOTIYHHH  PO3Pi3
(puc. 1) Ta pi3uKo-MexaHIYHI XapaKTePUCTUKU
IpyHTIB (Ta0. 1) HaBeeH1 HUXKYe.

B reosnoriyniif 6yz0Bi AUISHKA 10 pO3Bija-
HOT TIMOWHU 6 M 3aJsTaf0Th CydYacHI TEXHO-
TCHHI BIIKJIAJICHHS, SIKi MPEICTaBIICHI HACHII-
HUM TPYHTOM, CepeaHbO-
BEPXHbOUYETBEPTUHHUMU €0JI0BO-
JSNMIOBIAIBHUMHU BiJKIIQAaMH, SIKi TIPEICTaBIIe-

58,0

48,0

|
|
. |
|
49.0 |
|
|
|
ao] |

HI CyTJIMHKOM Ba)XKUM, JIGCOBUM, HAITIBTBEP-
UM, Oyporo KOJbOPY, HUXKYE 3aJSTAI0Th Ce-
pPeIHBO-BEPXHBOUYCTBEPTHUHHI aTIOBiaJIbHI Bij-
KJIaJM, SKi TIPECTaBJICHI MICKOM MIJTKUM, Ce-
penHboi HiiibHOCTI. PiBeHb IPyHTOBUX BOJ Ha
MaiilaHuuKy BUIpPOOyBaHb 3a(iKCOBaHO Ha
BigmiTKax 3,6-3,9 M, [0 3HAXOAUTHCS 3HAYHO
HIDKYE TIIMOMHN 3aKJIaJeHHsS HIKHIX KIHIIIB
ajb.

Homep BHpODEH c.3 c.2 c.l
Abc. Bin. yora, M 57.7 57,7 57.9
Bincrans, M | 86,9 | 86,4 |

VYMOBHI MO3HATSHH:

- Hacemsmi rpysT (mcok, cyraesck, [PIIT
1| 3 BEmOIeHEAME OyMEENBHOTD CMITTH)

- Cyrmmox Bk, TecoBEE, HAMBTREPIHE, GYPoTD KOTBODPY

- IMicok MinEwi_ cepeIasol IUTEEOCTL,
MANoTo CTYISHR BOICHACHIEHHS, CBITA0-EOBTOI® KOTBOPY,
3 MHEIAMHE CYTCEY

- Theow Mime, cepamEsol MIALEOCTI, HACHISHEE BOMOD,
EOBTOTO KOMBOPY

Puc. 1. ImxeHepHO-reoIOriYHUH po3pi3 MaaHIMKa AOCIiIKEHb

Fig. 1.Engineering-geological section of the research site

Ta6mx. 1. [okazHuku ¢i3MKO-MEXaHIYHUX BIACTUBOCTEH IPYHTIB MalJaHYMKa JTOCITIPKCHb
Table 1. Indicators of physical and mechanical properties of the soils at the research site

HlineHicts | Ilpupoana Koedimient Kyt BHYTpiII- IMutome Monynb
No IPYHTY, BOJIOTICTb, HOPUCTOCTI, HBOT'O TEPTS, 34eruieHHs, | nedopmarii,
ITE r/em? 1.0. 1.0. rpagycu KITa MIIa
p w e ] c E
2 1,86 0,225 0,435 20 19 14
3 1,69 0,105 0,425 26 2 20
4 1,95 0,253 0,414 28 2 22
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[Mami 3arBuHYYBaIMCS B IPYHT MEXaHIYHUM
CrocoO0M 3a JIOMOMOTOIO TiPaBIiYHOTO JIBU-
ryHa TPUETHAHOTO A0 0aratoyHKIIOHAIBHOT
TEXHIKH (puc. 2).

Puc. 2. llpomec BnamTyBaHHS 0araTOBHTKOBOI
TaI.

Fig.2. The process of installing a multi-helix
screw pile.

HaBanTtaxeHHs Ha mami, ki BUITPOOOBYBa-
JIMCh, BUKOHYBAJIOCh IMOCTYIIOBO, 0€3 ymapiB,
CTYTICHSIMH HaBaHTAXXEHb, 3a3HAUYEHUMHU IIPO-
rpaMor0 BUNPOOyBaHHs (y HAIIOMY BHITQJIKY
mo 0,2-0,4 T nna BpaBmioBaHHs Ta mo 0,15-
0,3 T 111 BUCMUKYBaHHSI) 32 JIOTTIOMOTOIO TiJI-
pasiiyHoro nomkpara JII'O-50, skuit BcTaHo-
BIIIOBABCS Ha 1HBEHTApHUM BUNPOOYBaIbHUUN
cteHn (puc. 3, 4).

Burpotysansiii
creny

‘ +0400

+0,000

400
r—

Aviepra nans.

1600

TN

<t

AT

750

q&;,
&
S

1500

Puc. 3. Cxema BHIIPOOHOTO CTEHAY BCTAaHOBIJICHO-
T0 JIJIS BIABJIIOBAaHHS.

Fig. 3. Scheme of the test bench installed for
pressing.

KoxHuil Kpok HaBaHTaKEHHS BUIIPOOYBa-
HUX TaJlb KOHTPOJIOBABCA 32 JOMOMOTOI0 Ma-
Hometpy. [licis mpuKIIagaHHsa KOKHOT CTyIICHI
HAaBaHTaXXCHHS (DIKCYIOThCS 3HAYEHHS Tepe-
MimeHb. Taka peectpariisi MPOBOIMIACH 3 iH-
TepBasioM 30 XBUJIUH 10 BCTAHOBIICHHS YMOB-
HOi crabimizamii nedopmamii (3aTyxaHHs Tie-
pemimennst). OcinaHHs maimi npu BUOpoOy-
BaHHI (piKCyBajocsi JBOMa NPOTMHOMipaMu
turmy 6 [IAT, BCTaHOBJIEHHMMH Ha pPENEPHUX
MPUCTPOSIX, 3 TouHicTIO 0,01 M.

Jowpar Jr0-50

+0,400

Mooouiod.
AT

+0.000

400

Asepra nae

1600.

1900

T Y

-1600

<IN Y

-1900

750

750

2 =TT TV

Puc. 4. Cxema BUIIPOOHOTO CTE€HAY BCTAHOBJIEHOTO
JUTS. BACMUKYBaHHS.

Fig. 4. Scheme of the test bench installed for
pulling out.

Ha pocnignomy maiimaHuuky OyJio mpoBe-
JICHO JIBa BUIPOOYBAaHHS OaraTOBHTKOBHX
najb: OJHE 3 IKMX Ha CTaTUYHE BIABIIOBAHHS,
Ha CTaTWYHE BHCMHKYBAHHS JOCIITHOI TaTi.
PesynpTatu BuUmpoOyBaHb, 3TiAHO 13 JAaHUMU
3BITY BHIIPOOYBaHHS IPYHTY CTaTHYHUM BIIaB-
JIIOIOYMM HaBaHTA)XEHHSIM Ha Iajli Ha JOCIHiA-
HOMY MaiilaH4MKy, OyJI0 OTPHMaHO HACTYIIHI
pe3yNnbTaTu: OCiIaHHS MOCTiAHOI majii BiJ Ma-
KCHUMAJIbBHOTO OCHOBOI'O CTATUYHOI'O BJIABJIIO-
oyoro HaBaHTaxeHHs P=20,58 kH ckiajo
S=0,48 mm, Ha TIOTIEpEAHIN CTYIICHI HABaHTa-
xkeHus P=19,6/ kH cxmano S=0,35 um
(puc. 5), nedopMmartist JOCTITHOT Maji BiJ Mak-
CUMAJIbHOTO OCHOBOTO CTAaTHYHOTO BHCMHUKY-
I0YOr0 HaBaHTakeHHsA P=I14,7 kH cknano
S=1,5 mm, Ha TIOMEpeIHIN CTyneHl HaBaHTa-
wenHs P=13,23 kH cknano S=1,2 mm (puc. 6).
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Hapantaxenns P, kH

0 3.90 7.80 11.70 13.70 15.60 17.65

Ocijiadus S, MM

0.3 0.48

. I'padix 3anexxHOCTI OCITaHHS HOCHITHOL
0araTOBUTKOBOI Iajl Bil CTATUYHOrO BJA-
BIFOIOYOTO HABAHTAKECHHSI.

Chart of the dependence of the settling of
the experimental multi-helix screw pile on
the static compressive load.

Ocinanns S, MM

19.61 20.58

10.29 11.76 13.23 14.70

0 2,94 5.88

8.82

Hagantaxenus P, kH
I'padix 3anexxHOCTI OCITAHHS HOCIHITHOL
0araToBUTKOBOI Iaji BiJi CTATUYHOI'O BH-
CMHUKYIOYOI'0 HABAHTAXKCHHS.
Chart of the dependence of the settling of
the experimental multi-helix screw pile on
the static pull out load

UwucmoBe po3B’si3aHHS TOCTABJICHOI 3a1adi
BHpimyBajgoch 3 BukopuctanHsiMm MCE y TIK
Plaxis 3D, y HemiHiHINA TOCTAHOBIII, 13 3aCTO-
CYBaHHSIM TIPY>KHO-TUTACTHYHOI Mojeni pobo-
TH 31 3MminHeHHsM IpyHTy (Hardening Soil
Model) [5]. ¥ pospaxyHkoBy o0iacts Oyio
BKJIFOUEHO MAacCHUB IPYHTY, CKJIQJCHUN 3 YOTH-
prox II'E, nocnigna 6araToBUTKOBA Tajisl A0B-
»kuHOI0 2,0 M 1 HaBaHTa)KEHHS, 110 BiAIOBiaa-
JI0 TIOETAaTHOMY HAaBaHTa)KEHHIO HATYpHOI ma-
i,

[Ipomec BuMpoOyBaHHS MOJEIIOBABCS TOEC-
tantHo. [IK Plaxis 3D BpaxoBye moeramHicTh
3BEJICHHS] KOHCTPYKIIii, IO JO3BOJIIE TOYHO
MOJICIIIOBATA Pi3HI PEXKUMH HaBaHTaKEH-
Hs [6]. TlokazHuku (i3MKO-MEXaHIYHUX BIAC-

TUBOCTEH TIPYHTIB JOCIITHOTO MaiIaHYMKYy 3
aJIalITOBAaHUMH TSI BUKOPUCTAHHS T dac
pPO3paxyHKy NPY>KXHO-TUIACTUYHOT MoAeNmi 31
3MIIIHEHHSIM IPYHTY MpuBeeH] B Ta0. 3.

MopentoBaHHsl BUKOHYBAJIOCS Y HACTYIHIH
MOCTTIIOBHOCTI:

- CTBOPEHHS T€OMETPUYHOI CXeMHU MOJei

IPYHTY;

- CTBOPEHHS T€OMETPUYHOI CXEMHU MOJei

0araTOBUTKOBOI I1aJli;

- TIOETallHE HAaBAHTa)XEHHS OaraTOBUTKO-

BOI IaJi.

[1ig yac MoaentoBaHHS MOCTaBJIEHO] 3a/1a4i,
Oyia mpuiaijeHa yBara MOJEIIOBaHHIO TeoMe-
TPUYHOI CXeMHU OaraToBUTKOBOI maii. bararo-
BUTKOBA TIaJisi MOJEIIIOBAJACh 3a JIOTIOMOTOIO
CTEp)KHEBUX Ta IUJIACTUHYACTUX E€JIEMEHTIB
(puc. 7). XapakTepuUCTHKH Ta BIACTUBOCTI
najii npuBeeHi B Ta0. 2.

Puc. 7. Mogenb 0araTorBMHTOBOI T, CTBOPEHOL
B Plaxis 3D

Fig. 7. Model of a multi-helix screw pile created
in a Plaxis 3D

Tabn. 2. XapakTepUCTHKH Ta BIACTUBOCTI Ma-
Tepiany nami
Table 2. Characteristics and properties of pile

material
[TapameTtp [To3nauenHs [Tans On. BUM.
Hiamerp d 0,076 M
0O06'emHa Bara Y 78,5 kH/m3
Tum noBemiHKH Type .ﬂlHlﬁHe’ —
i30TpoIHe
Moy FOnra El 2,1-107 kH/m2
Koediuient N 0.2 B
ITyaccona
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Tab6mn. 3. [loka3zHuku (Hi3HKO-MEXaHIYHUX BIACTUBOCTEH IPYHTIB SIKi BAKOPUCTOBYBAJIMCH AJISI MOJIEIIO-

BauHs B [1K Plaxis 3D

Table 3. Indicators of physical and mechanical properties of the soils used for modeling in Plaxis 3D

HaiimenyBaHHS IpyHTY IT'E-1 ITE-2 ITE-3
IloTyxHiCTh mapy, M. h 0,9-1,1 1,5-1,4 6
IMutoma Bara BOJOHACHYCHOTO IPYHTY Vsat ,KH/M3 18,6 16,9 19,5
[TuToma Bara rpyHTY Yunsat ,KH/M3 15,2 15,3 15,6
[MuToMe 39eruIeHHs Cref 19 2 2
Kyt BHYTpilIHBOTO TEPTSI ¢ 20 26 28
Monyns nedopmarrii E , Mna 14 20 22
CiyHuid MOAYNb CTaHIAPTHOTO TPHBICHOTO E50, kH/M2 14 20 29
JPEHYBAJILHOTO BHIIPOOYBAaHHS
JloTryHuii MOyJ1b IEPBHUHHOI KOMOpecii Eoed, kH/m2 14 20 22
Moynb po3BaHTaXKEHHS Eur, kH/M2 42 60 66
[Toka3HUK CTermeHeBoi 3alIe)KHOCTI KOPCT-
KOCTI BiJI piBHS HAallpY»XEHOCTI i m 0,59 0,5 0,5
EdextuBHmii KyT qumatamii \ 0 0 0
[loeranHe HaBaHTa)KE€HHS 0araTOBUTKOBOL Hedopmartiss  mocnigHoi 0araToBUTKOBOL

maji MOJEIIOBAJIOCS IIIIXOM 30UIBIICHHS
MIPUKIIAICHOTO 30CEPEIKEHOTO HaBaHTAKECHHS
JI0 BEPXHHOI YACTMHM Tayi 3TiTHO 3 IMOeTarl-
HUM HaBaHTa)XEHHAM HaTypHoi mami. Pospa-
XYHOK TPOBOJAMBCS 10 TPUKIAJaHHA MaKCH-
MaJIbHOTO MPOEKTHOTO HaBaHTAXEHHSA
P=20,58 kH mnpu BIaBIIOBaHHI Tmaji Ta
P=14,7 kH npu i BUCMUKYBaHHI.

Pospaxynok nposenennii y IIK Plaxis 3D
IOKAa3aB, IO OCiZaHHS MOCIigHOI OaraToOBHT-
KOBOI maJji BiJ MaKCUMaJIbHOI'O OCLOBOI'O CTa-
THYHOT'O BIABIIIOI0YOTO HaBaHTAXECHHSA
P=20,58 kH cxnano S=0,468 mm, Ha monepe-
OHIA cTyneHl HaBaHTaxeHHs P=19,61 kH
cknano S=0,364 mm (puc. 8).

HapanTaxenns P, kH
11.70 13.70

0 3.90 7.80

=

15.60 17.65 19.61

Ocinanusa S, MM

0.5 0.468
Puc. 8. I'padix 3amexxHOCTI OCiTaHHSA 3MOACIHO-
BaHOI JOCIIAHOI 0araToBUTKOBOI IMayi Bifn
CTaTMYHOTO BJIABJIIOIOYOTO HABAHTAXKEHHSI.
Chart of the dependence of the settling of
the simulated experimental multi-helix
screw pile on the static compressive load.

Fig. 8.

majii BiJ MaKCHMAaJIbBHOIO OCHOBOTO CTATHYHO-
ro BUCMHUKYIOUOTO HaBaHTaXeHHs P=14,7 kH
cknana S=1,53 mm, Ha TONEpenHid CTymeHi
HaBaHTAKECHHS P=1323 kH cKJjaia
S=1,16 mm (puc. 9).

Ocianus S, MM
o

10.29
Hapantaxenns P, kH

Puc. 9. I'padix 3aneskHOCTI OCigaHHS 3MOAEIBO-
BaHOI JOCHIAHOI 0araTOBHUTKOBOI IIaili Bif
CTaTUYHOTO BUCMHKYIOYOTO HABAHTAKCHHS

Fig. 9. Chart of the dependence of the settling of
the simulated experimental multi-helix
screw pile on the static pull out load.

11.76 13.23 14.70

KopekTHiCTh  4MCIOBOIO  MOJENIIOBaHHS
OIIIHIOBAJIACH IIIJITXOM CITIBCTABIICHHS PE3YJib-
TaTiB 3 JaHUMHU HATYpHHX BHUIIPOOYBaHb [7],
Ha puc. 10, 11 npexacrasnene ix rpadiyne mo-
piBHsAHHS. OCHOBHUMHM Il OLIHIOBAaHHS PO3-
paxyHKy € HaBaHTaxeHHS P 1 ocimamns S. 3
aHamizy rpadiky (puc.10) BuaHO, 1O TpHU
MaKCHUMAalbHOMY CTaTUYHOMY BJIaBIIOIOUOMY
HaBaHTaxkeHH1 P=20,58 kH pe3ynbTatu Moje-
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JIOBaHHA Ta HAaTYpHHUX CTAaTHYHUX BUIPOOY-
BaHb JICMOHCTPYIOTh 3aJIOBLIBHY 301KHICTb,
pI3HUI OCimaHb Npu HaBaHTaxeHHI 0,468 MM
1 0,48 MM (TIpu HaTypHUX BUMPOOYBAHHSX) HE
nepesuinye 3 %.

Hapantaxenns P, kH
80 11.70

13.70 15.60 17.65 19.61 20.58

Oculiadisa S, MM

——MonemopanHs —=—HaTypHe BUNpOOYBaHHA

Puc. 10. I'padix 3amexHOCTI OCiTaHHSI 3MOACIHO-
BaHOI JOCHIAHOI 0araTOBHUTKOBOI IIaili Bif
CTATUYHOTO BAABIIOIOYOr0 HABAHTAKCHHSI.

Fig. 10. Chart of the dependence of the settling of
the simulated experimental multi-helix
screw pile on the static compressive load.

3 anamizy rpadiky (puc. 11) BugHO, 110 TIpH
CTaTUYHOMY BHMCMHKYIOUOMY HaBaHTaXEHHI
P=20,58 xkH pe3ynbTatu MOJEIIOBAHHS Ta
HATYpHUX CTAaTUYHUX BUNPOOYBAaHb JEMOH-
CTPYIOTH 33JI0BUIbHY 301KHICTB, PI3HHLS OCi-
JTaHb TpH HaBaHTaxkeHHI 1,53 MM 1 1,5 Mm
(mpu HaTypHHX BHUIIPOOYBaHHSX) HE IEPEBU-
urye 2%.

Ocinanng S, MM

0 294 5.88 8.82 11.76 13.23

HasanTtaxenns P, kH

10.29 14.70

==—MojieII0BaHH

Puc. 11.I'padik 3amexxHOCTi OCiaHHA 3MOAEIHO-
BaHOI MOCHIAHOI OaraTOBUTKOBOI ITayi BIX
CTaTUYHOTO BUCMHUKYIOUOTO HABAHTAKECHHSI.

Fig. 11. Chart of the dependence of the settling of
the simulated experimental multi-helix
screw pile on the static pull out load.

==—HarypHe BHIIPOOYBaHHA

3 amamizy rpadikiB (puc. 10, 11) moxna
3pOOUTH BHCHOBOK, IO IMPOBEACHE YHCIIOBE
MOJIETIIOBAHHS Ta MOPIBHSIHHS HOro pe3ynbTa-
TiB 3 pe3yJbTaTaMH HATypHOTO AOCIIIKEHHS
JIEMOHCTPY€ 3aJ0BUIbHY 301KHICTh, IO CBiJ-
YUTh TPO aJeKBaTHO MiAiOpaHi mapaMeTpu
MPYKHO-TTACTUYHOT MOJeNi 31 3MIITHEeHHSIM
rpyHty B IIK Plaxis. Lle 103Bossie BHKOPHCTO-
BYBaTU CTBOPEHY YHCIIOBY MOJENb JJs MOja-
JBIIUX PO3PAXYHKIB OAraTOBUTKOBHUX Malb 3
METOIO OIHKH JedopMallii OCHOBH Ta HECY4Oi
31aTHOCTI 0araTOBUTKOBUX MaJlb.

BUCHOBKHW TA PEKOMEH/JIAILIIT

IIpoBenenunii HaTypHUM €KCIEPUMEHT 3 J0-
CJII/DKEHHST poOOTH 0araTOBUTKOBOI Halli IpU
CTATUYHOMY HABaHTaXE€HHI B IMJIYyBaToO-
TJIMHUCTOMY IPYHTI JO3BOJISE€ 3pOOUTH KPOK
JUI CTBOPEHHS HOPMAaTHUBHOI METOAMKH BH-
npoOyBaHHs CTalleBUX OaraTOBUTKOBUX Mallb
Ta aKTyami3aiii HOpMaTWBHOI 0a3u YkpaiHu
BIJIIIOBITHO.

UucnoBe mojentoBaHHsT poOOTH OaratoBU-
TKOBOI Maji JEMOHCTPY€ AOMyCTUMY 301K-
HICTh 3 JaHWMH HATypHOTO BHUMIPOOYBAaHHS
(mo 3%), mo mo3Boise iAeHTU]IKyBaTH Hapa-
METPHU TPY>KHO-TUTACTUYHOI TPYHTOBOT MOJIEINI
JUI TIOJANIBIIOTO MOJIETIOBAaHHs OaraToBUTKO-
Bux naib B [IK Plaxis 3D ans motped mpoek-
TyBaHHS (yHIAMEHTIB 3 0araTOBHUTKOBHX
k.

BuxopucTtaHHs cTBOPEHOT YUCIOBOT MO
JUISE OIIHKK JedopMaliii OCHOBH 1 HeCcydoi
3MQTHOCTI HaJb B KOHKPETHUX 1H)XXEHEPHO-
TeOJIOTIYHIX YMOBAxX JOUUIbHE Ui TOMEpe-
HBOTO BHOOpY TEXHOJIOTil BIAIUTYBaHHS NaJlb
Ha erami npoekTtyBaHHs. Lle no3BonuTh 30epe-
I'TH KOIITH, HEOOXiH1 Ui BUOOPY B MEPIIOMY
HaOMIDKEHH] PI3HUX THITIB MaJb BIAIITOBAHUX
3a pI3HUMH TEXHOJIOTISIMH, Ha OJJHOMY Oy/liBe-
JTHHOMY MaWJaHYUKy 10 iX HATYpPHHUX BUIPO-
OyBaHb.
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Numerical simulation of the stress strain state
of base of the multi-helix screw pile under static
loading in clay soil

Volodymyr Sedin,
Viadyslav Kovba,

Yurii Volnianskyi,
Kateryna Bikus

Summary. A full-scale experiment was con-
ducted to study the operation of a multi-helix
screw pile under static pressing and pulling load in
dusty clay soil.

Based on the full-scale test of a multi-helix
screw pile under static loading in dusty clay soil,
numerical modeling of the stress-strain state of the
base of the multi-helix screw pile was performed.

Multi-helix screw piles are actively used all
over the world, and have also become widespread
in Ukraine. Foundations made of multi-helix screw
piles are often used for industrial construction as
well as the foundations of low-rise buildings and
structures.

Despite the growing demand for the use of mul-
ti-helix screw piles in modern construction, there is
no official document calculating the features of
their design and bearing capacity of a multi-helix
screw pile. This poses a number of new tasks for
engineers and geotechnical: a) development of new
modern calculation methods; b) development and
use of modern normative documents and recom-
mendations for the calculation of foundations from
multi-helix screw piles in various soil conditions;
¢) use of computer-aided design systems for calcu-
lation of complex geotechnical tasks; d) develop-
ment of calculation models that will take into ac-
count nonlinear models of deformation of materials
and soil base. Foundations made of multi-helix
screw piles are a promising direction in the field of
foundation construction due to the reduction of the
duration of the foundation and its economic. This

requires the development of regulations with rec-
ommendations for the calculation and use of multi-
helix screw piles in the field of foundation con-
struction, development of modern calculation
models for the calculation of bearing capacity and
settling of multi-helix screw piles in different geo-
logical conditions.

Based on the results of the field study of the
work of multi-helix screw piles in clay soils, nu-
merical modeling of the stress-strain state of the
base of the multi-turn pile was performed, and
their results were compared.

Key words. Multi-helix screw pile, stress-strain
state, numerical simulation, elastic-plastic models
for soils, dusty clay soil.
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Stress distribution in column-plate foundations of
Monument of Christ The King erected in Swiebodzin

Jakub Marcinowski!, Volodymyr O. Sakharov’
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Abstract. The paper presents results of numeri-
cal simulations of the stress distribution and de-
formations within of foundations of huge monu-
ment of Christ The King erected in Swiebodzin
(Poland) in 2010. It is 3 meters taller than the bet-
ter known statue of Christ the Redeemer in Rio de
Janeiro, standing at 30.1 meters tall without its
pedestal.

Foundations were built as a system of rein-
forced concrete columns and slabs which can be
classified as a spatial column-slab system. Actual
mechanical parameters of the substrate and of the
artificial mound made of field stones, sand, gravel
and clay were adopted in calculations. The numeri-
cal simulations of structural members of founda-
tion and determination of the stress distribution are
presented in the article. Monument itself was not
included into the model. Instead of it the rigid can-
tilever was introduced to which resultant forces
were applied. Three different stages were distin-
guished: the initial state after foundation and
mound accomplishment, the initial state plus the
dead load and the initial state plus the dead load
and the wind load. It was assumed that the wind
load was taken into account in a quasi-static for-
mulation by applying the equivalent horizontal
force and the torque. Stresses and displacements
for these three stages were determined by Finite
Element Method using Simulia ABAQUS system.
It was disclosed what was a contribution of par-
ticular parts of foundations in sustaining loads in
considered load cases. The state of exertion of
structural members of foundations and the soil
itself was assessed.

It was showed that the column-slab foundations
and soils of the mound play important role in tak-
ing loads of the statue, spreading them and safe

Jakub Marcinowski
Professor
Doctor of Science, PhD, Eng.

Volodymyr Sakharov

Doctor of Science, PhD, Eng.
Professor of University

Head of Department of Structural
Mechanics

-
transferring to the undisturbed level of natural
soils. According to the numerical simulations re-
sults the columns of foundation take as much as
64% of the vertical load (in the most unfavourable
load conditions). At the same time soils of the
mound take through the side surface of piles about
20 % of the vertical load.

Keywords: Christ The King, foundations, col-
umn-slab system, monument, artificial mound,
numerical simulations.
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INTRODUCTION

The statue of Jesus Christ the King of the
Universe was erected in Swiebodzin, small
town in western part of Poland (see fig. 1) on
the 6th of November 2010. The construction
took six years and now takes its place as the
Largest Statue of Jesus Christ according to the
Guinness Book of World Records, [1]. It is 3
meters taller than the better known statue of
Christ the Redeemer in Rio de Janeiro, stand-
ing at 30.1 meters tall without its pedestal. The
figure is 33 meters high (plus 2 m the gilded
crown) and it weighs 260 tons [2]. The head
alone is 4.5 m tall and weighs about 3 tons.
The crown is 3.5 metres in diameter and nearly
2 m in height and is gilded. The distance be-
tween the ends of the fingers is 26.1 meters.
The statue was built on a 11.5 meter heap of
stones and soil and along with this mound, it
reaches 47.5 meters overall.

b

Fig.1. Monument of Christ the King:
a) location of the Swiebodzin
b) general view of the statue

town,
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The project was conceived and led by S.
Zawadzki, a retired Polish priest. The sculp-
ture design was primarily produced by M. K.
Patecki. The small (2.5 m high) figure made of
plaster was scanned and this scan was the
source geometry used in the design. Lower
segments of the statue were made of shotcrete
and upper were fabricated from glass fibre
reinforced polymer. The whole statue was re-
inforced by steel, internal spatial truss (see fig.
2a). The external wall of the monument was
connected with this internal truss by steel bars.
Arms were reinforced by the additional, steel
spatial truss.

e

‘..b I
.jbl

Ed]

Fig.2. Statue of Christ the King during the erec-
tion: a) internal spatial truss, b) initial wall
segments before shotcreting
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The figure itself were analysed -earlier
(comp. [3-6]) and is out of the scope of this
paper. The structural solution of foundations is
not exceptional. The similar column-slab
foundations were considered in [7].

In this paper the numerical simulations of
structural members of foundation are present-
ed and determination of the stress distribution
beneath the statue’s base was the main objec-
tive of this work.

FOUNDATION SOLUTION OF THE
STATUE

The first structural element of foundations

was placed 14 m below the feet of the figure of
the Christ the King. It was the rectangular
concrete plate of thickness 0.4 m and 6.3 m
side length. Foundation plate base is located
one meter below the surface of the natural re-
lief, buried at 0.5 m into the bearing layer 1.
On this plate six precast concrete columns
were erected at vertices of the hexagon in-
scribed in a circle of diameter of 5.2 m. Col-
umns were 10 m long. After their erection the
mound/heap was created from filled up soil
which was a mixture of sand and clay, field-
stones and smaller or greater pieces of build-
ing materials. The filled up soil was compact-
ed (however resulting soil density is not
known).

Q
vl -3
Q
©
<
Top plate,
diameter 8.4 m, 3
thickness 1.0 m
Ox
T Columns
~ 2
o '\ Intermidiate plate 30x30 HEB450
o 6.30x6.30x0.4 m
Filling soil ' Filling soil
1 1
N et
Substrate soil Substrate soil
Bottom plate

Fig.3. Schematic view of the foundation construction

At the level of 10 m from bottom all col-
umns were connected by the other reinforced
concrete plate (see Fig. 3). On this plate six
Other columns of 6 m long were erected as a

6.30x6.30x0.4 m

continuation of their counterparts located be-
low. These columns were interconnected by
steel bars of CHS section. On the level of foot-
ing the main concrete plate of 8.6 m diameter
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and 1.0 m thickness was casted. Fig. 4 presents
the lower part of foundations. Fig. 5 shows the
top plate, reinforced concrete columns emerg-
ing from it and steel trusses being the part of
inner, spatial structure.

Fig.4. Lower part of foundations: a) bottom
plate, b) lower segments of columns

Fig.5. The top plate after concrete casting

The total height of the mound was 12m
with a slope of 1:2.

To ensure the contact of foundation struc-
tures with the soil of the mound, injector pipes
were installed as part of the upper plate struc-
ture. When necessary (and as part of mainte-
nance) those pipes are used to inject water-

40

sand mixture in order to fill any voids formed
as a result of mound settlement, erosion or
other processes. This guarantees a constant
contact of the foundation with the artificial
base, ensuring that foundation can adopt and
transfer the load from the structure of the
monument to the ground base under both static
and dynamic loads.

GEOLOGICAL SITUATION (PROFILE)

The ground soil conditions have been rec-
ognized to a depth of 12 m. In terms of geo-
morphology, the area where Statue is located,
is the object of the Lagow Lake District.

Quaternary sediments formed in two frac-
tions: glacial, sandy clay and glaciated clay -
mainly sands. The geological profile was pre-
senteg at (Fig. 6)

1.0 |
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104.0 |

103.0 _}

102.0 |
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Ground level, m

—{170.20°
—110.2

Distance, m

Fig.6. The geological profile

Directly, below the surface, there is a soil
layer of 0.2-0.3 m. Then, two geotechnical
layers were recognized: medium squeak layer
(No. I) with gravel admixtures or sanded clay.
These sands are in a medium-compacted con-
dition, with a density of Ip=0.6 (saturation
W=14%, density p=1.85 t/m’, internal friction
angle ¢=34°, eodometer compressibility mod-
ulus Mo=113 MPa, secant modulus of elastici-
ty E=95 MPa); a layer of silty sands (No. II) is
in the hard plastic state, with an [.=0.1 plastic-
ity (saturation W=12%, density p=2.2 t/m’,
internal friction angle ¢=20°, eodometer com-
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pressibility modulus Mo=47 MPa, secant mod-
ulus of elasticity E=36 MPa).

In the examined area, the occurrence of
groundwater has not been found.

FINITE ELEMENT MODEL

To assess stress-strain state of load carrying
(bearing) components of the statue founda-
tions, the numerical model of the structure
interaction with soil substrate was created. To
this end the Simulia ABAQUS system was
used.

The finite element model was composed of
the soil substrate adopted according to the geo-
logical profile, the mound piled with a bulk
soil, plates and columns creating the load car-
rying structure of the Statue (see Fig. 7). Mod-
el also assumed round foundation slabs. The
total range the soil substrate incorporated into
the model was chosen after taking into account
preliminary numerical simulations [2]. In order
to analyse various load combinations, finite
element model contained both symmetrical
parts. The statue itself was removed from the
numerical model but all forces coming from
the statue due to its weigh and the equivalent
wind action were applied to the upper con-
structions.

The values of material parameters used in
simulation are given in table 1.

Table 1. Material parameters

Material E, MPa v p, t/m?
Soil (1) 95 0.3 1.85
Soil (2) 36 0.4 22

Mound (3) 40 0.3 2.0

Concrete 30 000 0.2 2.5

Steel | 200 000 | 0.28 7.85

All structural elements were modelled using
spatial FEs (C3D8I) with enhanced conver-
gence. All structural elements, soil, mound
were fully conjugated at the nodes. Interaction
of the construction elements with the soil was
also modelled at the nodes. The density of the

FE grid was selected based on the preliminary
calculations.

Central column

Top plate

Intermediate
plate

Piles

Bottom plate

Fig.7. Finite element model of the bearing part
of the monument

In order to reduce influence of the boundary
conditions, the size of the soil segment was set
at 80 m x 80 m with 40 m depth. According to
the geological profile, two layers were used:
the carrier (bearing) layer - a medium density
sand with 5.2 m thickness and a sandy loam.
Preliminary studies have shown that the load
on the substrate is predominantly evenly trans-
ferred, and additional stresses at the base of
the structure decrease rapidly. Taking into
account the low deformation of the sand and
the considerable thickness used for the model,
the layer 2 was extended to the cover remain-
ing thickness of the massif.

LOADING AND MODELLING STAGES.

To take into account the evolution of the
stress-strain state of the elements of the "foun-
dation-building-construction" system, the sim-
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ulation was carried out in sequential, deliber-
ately defined stages.

In the first stage erection of the mound was
modelled and it was assumed that all structural
members of foundations and namely
piles/columns, bottom, intermediate and upper
plates were assembled earlier. Construction of
the statue and the hill took quite a long time.
This allows to assume that rheological pro-
cesses caused by the redistribution of the
stressed-deformed state due to the weight of
the foundation structures and the mound have
ended. Thus, obtained state of stresses and
deformations was adopted as the initial one.

In the next stage of calculations the influ-
ence of the whole structure was taken into ac-
count. The dead load (Fv) of the whole statue
was applied at the projection of the gravity
centre (fig 8).

The wind load was accounted for in the
subsequent stage. Within the framework of
this study, it was assumed that the wind load
was taken into account in a quasi-static formu-
lation by applying the equivalent horizontal
force (Fn) and the torque. In actual conditions,
the wind load in predominantly operates in the
opposite direction from the eccentricity of the
centre of gravity of the monument. To estimate
the most unfavourable influence from the
wind, the horizontal load Fn was applied in the
direction of the eccentricity. The values of
forces were: Fv=2505 kN, Fr=750 kN.

In order to justify the model of the ground
environment, preliminary studies of soil be-
haviour were carried out. To achieve this, sim-
ulation was carried out using the non-
associated law of the Mohr-Coloumb criterion.
It should be noted that the criterion of plastici-
ty and deformation (including dilatancy angle)
substantially affect the convergence of the
solution. Given that for the mound there is no
available information on the actual state of the
soil, unambiguous acceptance of the criteria
for it is extremely difficult. However, the re-
sults showed that under conditions of achieved
equilibrium (which corresponds to real condi-
tions), plastic deformations do not arise in the
primary mass of the soil. At different stages,
local supercritical state zones appear either on
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the edges of the plates (Fig. 9) or near the sur-
face of the slope. This behaviour can be ex-
plained by the distorted geometry of the FE
and a small average stress in the soil, which
results in a low threshold of plastic defor-
mations. Solving problems with such effects
requires more precise finite element mesh and
a smaller load steps when applying nonlinear
solution algorithms. Both of those will signifi-
cantly increase calculation time.

b Gravity

center
Wind E 4

______

Fig. 8. Loading scheme: location of horizontal
force Fu, b — wind direction and gravity
centre (Fy location)

Fig. 9. Plastic zone distribution after F, loading

However, the analysis has revealed that ad-
ditional loads from the monument lead to
a small additional load of the base, which will
be discussed in detail in the next section. FE in
the plastic state were all located in the separate
local zones and did not influence the overall
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picture of the interaction of the structure with
the base.

Taking into account the insignificance of
the manifested postcritical behaviour and the
lack of reliable information on soil parameters
(in particular for the mound), remaining anal-
yses have adopted models consistent with the
linear theory of elasticity.

CALCULATIONS RESULTS

Initial Stage.
At the initial stage, the stress state in soils

and foundations was determined during the
erection of the mound. Piles connected to the
lower plate to further stability were further
strengthened by spatial bars, forming a spatial
frame. Then, the stiffnesses of the middle and
upper plates were added. During construction,
the soil of the mound was compacted. The
middle and upper monolithic reinforced con-
crete slabs were made directly on the soil of
the mound. Therefore, the load induced by the
weight of the slabs, because of the low stiff-
ness (before concrete is set) is transferred
mainly to the soil and practically does not par-
ticipate in the loading of the piles. In the simu-
lation, this was taken into account by adopting
reduced elastic moduli, with the subsequent
restoration of the material properties at subse-
quent stages. Such approach allowed to take
into account the formation of a stressed state in
the mound and the soil base.

Simulation has shown that loading from the
mound led to the formation of an area of in-
creased compression stresses above the lower
plate and on the contour under the plate with
stresses in the range 0.18-0.20 MPa (Fig. 10).
In this case, due to the uniform loading around
the slab with soil, the shear stresses in this
zone are insignificant (about 12 kPa). The lev-
el of compressive stresses in the zone of the
middle plate was about 40 kPa.

Fig. 10. Initial state of the self-weight of the
mound [MPa]: a - Normal stresses in z-
direction, b - Tangential stresses

Statue construction weight - induced load.

The soil of the mound plays a critical role
in the distribution and transfer of the load to
the bedrock. The load from the statue is trans-
ferred through the structure of the slabs and
the lateral surface of the piles to the surround-
ing soil of the mound. This allows the load to
be distributed over a larger area and reduces
the intensity of the stresses transferred to the
bedrock grounds. The middle and upper plates
are joined together by piles and a central col-
umn, forming a rigid spatial framework. Such
design increases overall stability of the struc-
ture, but leads to a reduction of the load on the
soil between the plates.

Applying vertical load Fv in the eccentrical
fashion resulted in the non-uniform defor-
mation of the soil (Fig. 11). In the zones of the
middle and upper plates, the maximum com-
pressive stresses has increased to about 80 kPa
while on the opposite side of the plates stress
was close to zero (Fig. 11, b). The maximum
difference in the upper slab settlements did not
exceed 2.2 mm.

The uneven load affected the loading tak-
en by piles. Analysis of the force distribu-
tion along the piles showed that the greatest
forces occurred in the area between the mid-
dle and upper slabs (Fig. 12). The maximum
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forces reached values of about 400 kN (No
5, 6) from the eccentricity side. On the op-
posite side (No 2, 3) forces were smaller by
30%.

Fig. 11. Vertical displacement [m] (a) and verti-
cal stresses [MPa] (b) in the soil mound
due to the dead load of Statue (F)

It should be noted that the forces at the
middle plate were higher than at the pile
heads. In the zone between the middle and
lower plates, the rigidity of the foundation was
reduced. This allowed the soil of the mound to
take a greater part in the redistribution of the
load from the foundation. As it is seen in the
chart (Fig. 12, a), underneath the middle plate,
the forces in the most loaded piles are reduced
by 10% to a value of 370 kN while forces in
less loaded piles are increased by 20% to
150 kN. About 36% of the load was transmit-
ted through the upper and middle plates. The
lateral surface of the piles interacting with the
soil of the mound has transferred part of the
load to the soil and it results in a fall in axial
forces in the piles with increasing depth (Fig.
12, a). As a result, lower plate has taken at
most 45% of the load from the monument
while more than half of the weight-induced
load was transferred to the bedrock through
the mound. In the zone below the lower plate,
the stresses increased by 10%, which has not
resulted in any significant changes in the over-

all behaviour of the foundation-base system as

a whole.
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Fig.12. Distribution of vertical forces in piles: a —
along the piles, b — in the piles head

The soil in the zone of the top foundation
slab can be prone to erosion, which would lead
to either appearance of weak soils or cavities
under the slab. To assess this behaviour, a
simulation of the foundation work was per-
formed under condition of a loose contact of
the soil with the upper plate. For this purpose,
the hardness of the soil layer under the upper
slab was assumed equal to 5 MPa (conditional-
ly strongly compressible soil).

The inability of the load transfers through
the upper plate sole resulted in the redistribu-
tion of forces in the foundation. According to
the simulation, the load transferred through the
piles in the zone of the upper and middle slabs
has increased from 64% to 80% (Fig. 12, a).
The remaining load was transferred directly
through the central column to the middle slab.
It should be noted that the changes (increases)
of forces in piles were mainly appeared from
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the side of the eccentricity. The maximum
compression force increased by 30% and
reached 600 kN. In less loaded piles, the forces
remained practically unchanged.

To effectively use the mound, the load must
be transferred from the top. The absence of
dense soil (in the compressed state) between
the upper and middle plates did not allow ef-
fective use of the surrounding soil at this level.
The load transfer through piles and columns to
the middle plate led to a higher stress intensity
under the sole. However, the total transmitted
load through the slab to the ground decreased
by 15% and amounted to about 20% of the
load of the statue's own weight. The loading of
the lower plate also grows slightly. However
due to the pile skin resistance, only about 50%
of the total load was transferred to the soil
through the pile toe - preventing significant
changes in the interaction of the structure with
soil.

Thus, the presence of a middle slab in the
upper part allows to transfer from 20 to 35%
of the vertical load of the statue to the top of
the mound. The loose connection between the
upper slab and the mound soil results in the
increased forces on the pile section between
the middle and upper slabs, but does not sig-
nificantly change the overall system interac-
tion.

Wind-induced horizontal load.

The statue is located in an open area, so it is
subject to considerable wind load. Due to a
high altitude, this leads to the appearance of
the moment M with value around 11250 kNm
on the foundation level. Winds mostly act
from the front of the statue. However, in order
to assess the most unfavourable conditions, the
direction of the wind load was reversed and
taken in accordance with the eccentricity of
the vertical load (Fig. 8).

Horizontal component of the load led to an
increase in the role of the foundation up to 6
times. The maximum difference in the sedi-
ments of the upper plate was about 13 mm.
There were also tensile stress zones under-
neath the foundation slabs. Due to the high
rigidity of the foundations, the soil between
the upper and middle plates practically did not

participate in the load distribution. This has
evoked vertical compressive stresses to be
present under less than 50% of the upper plate
surface, with their level reaching 17 kPa (Fig.
13, a). In the middle slab due to stretching of
the soil, the effective area of the sole de-
creased by about 30%. Due to the piles being
joined at the bottom, soil deformation between
the plates was significantly constrained and
did not allow to apply substantial load to the
soil in the compression zone in the upper part
of the mound. The level of vertical compres-
sion stresses under the middle plate was about
70 to 90 kPa. Thus, the bulk of the load was
transferred to the piles and the lower plate.
Also, zones with concentration of shear stress-
es were also recorded with values of about 60-
80 kPa (Fig. 13, b), which could lead to plastic
deformations. However, taking into account
that at this stage the main load is transferred
through the piles, the appearance of plastic
deformations will not lead to significant
changes in the foundation behaviour.

-10mm

+3mm
+0.054 MPa

i

RISSSSSSNY

b

Fig. 13. Distribution of stress [MPa] state of the
mound due to vertical and horizontal load
of Statue (F\+Fy): a — normal stress o33
with vertical displacement of foundation,
b - shear stresses o3

Decrease in soil work in the upper zone of
the mound has significantly influenced the
growth of forces in piles. The action of the
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moment led to the appearance of stretches in
the piles on one side and a more than two-fold
increase in the compressive forces within the
opposite side. The maximum compression
forces were about 1130 kN, and the tensile
forces were about 600 kN, located on the sec-
tion between the upper and middle plates (Fig.
14). Below the middle "plate" the values of
axial forces has decreased by 18% and 30%,
respectively. The horizontal load also led to an
increase in the transfer of load to the mound
soil through the lateral surface of the piles.
This has allowed to distribute the load more
evenly throughout the volume of the mound
and to reduce the load of the lower plate by
piles by an average of about 10%. It is as-
sumed that the mound soil is compacted and
have complete contact with the surface of the
piles.

Vertical Force, kN

1000 500 0 -500 -1000  -1500

[¢5)

=—\/H: Pile 2

——VH: Pile 6

-1130 kN
-1200,0 -

-1000,0 -
-800,0
-600,0
-400,0
-200,0

0,0 1
200,0 A
400,0

600,0 -
b Pile 1

Load, kN

M Gravity

M Gravity+Wind

Pile 2

Pile 3

Pile4  Pile5 Pile6

Fig.14. Distribution of vertical forces in piles due
to vertical and horizontal load (F,+Fn)
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Uneven load transfers near the soles of the
piles led to unloading of the slab on one side
and an increase in vertical compressive stress-
es (by about 20%) from the opposite side
(Fig. 13, a). The stress values have varied be-
tween 0.19 MPa and 0.24 MPa (normal stress)
with a shear stress level of up to 40 kPa. Plas-
tic deformations typically do not appear in this
state. However even when present they would
be highly localized and will not change overall
foundation behaviour.

It should be noted that the behaviour of the
statue foundation largely depends on the state
of the mound and the degree of compaction of
its grounds during the construction. The main
load is taken by piles. Particular attention
should be given to the area between the upper
and middle slabs, where the stress level may
change periodically depending on the wind
load.

CONCLUSIONS

Based on the results of the performed re-
search, we have reached the following conclu-
sions.

1. In the analysed case of piles-plates
foundations, soils of the mound play important
role in taking loads of the statue, spreading
them and safely transferring to the undisturbed
level of natural soils.

2. The intermediate and upper plates
make the spatial rigidity of the foundations
and ensure a transfer of the load to the soil
base.

3. The wind load causes a slight inclina-
tion of the foundation, but also increases the
pile-soil interaction with the side surface and
allows distributing the load more evenly.

4. It follows from the results of numerical
simulations that piles/columns take as much as
64 % of the whole vertical load. At the same
time soils of the mound take through the side
surface of piles nearly 20 % of the whole ver-
tical load.
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AnoTtanisi. Ha nanuii yac Ha tepuropii Ykpai-
HHU IIMPOKOTO PO3MOBCIOPKCHHS Halyna TEeHIEH-
IIisl 3BEJICHHS 0araToMOBEPXOBUX KUTIOBUX OyaH-
HKiB. lle BUHMKae yepe3 psii HACTYMHUX MPUYUH:
3HAYHE 3JIOPOXKYCHHS 3eMIIi y MiIcCTaxX, IIUIbHY
MiCBbKYy 3a0yIOBY Ta HAsBHOCTI BiIITOBITHOTO 00-
JaJHaHHA JUIS 3BEJICHHS TaKUX KOHCTpyKmid. On-
HUM 13 HalpO3MOBCIO[UKEHUM MaTepianoM Ui
0araTtornoBepxoBUX OyIWHKIB € MOHOJITHUH 3ai-
300eToH. ['0lOBHA TMepeBara MOHOJITHHUX KOHC-
TPYKIIH — [1e MOKIIMBICTh BIJIBHOTO IIPOCTOPOBOTO
IUTaHYBaHHS Ta MOXJIMBICTH PIBHOMIpHOTO Mepe-
po3moniny 3ycHib y eleMeHTax Kapkacy — Oyau-
HOK TIPAIIOE K OJHA KOPCTKA CYIJIbHA KOHCTPY-
Kuig. 3 iHmoro OOKy Taki KOHCTpyKuii motpe0y-
I0Th TPUBAJIOr0 Yacy Oy/IiBHMIITBA Ta BiIMOBIIHO-
r0 BUCOKOKBaIi()iIKOBAHOTO KOHTPOIIO MOHOJIT-
HHUX poOiT. ToMy y SIKOCTi albTEPHATHBH 3 METOIO
MIPUIIBUIICHHS TEMITiB OYAIBHUIITBA 3aCTOCOBY-
I0Th KOHCTPYKIIi i3 30ipHOTO 3aI1i300€TOHY.

VY naHiit poOOTi TOCTIIKEHO BILTHB YKOPCTKOCTI
OyIWHKY 31 30ipHOTO 3aI1i300€TOHY Ha HAIPYKEHO-
nepopMoBaHUil cTaH (QyHOAMEHTIB i3  Oypo-
iH’ekniiHux nanbk. [IpoaHayizoBaHO HAIPYXKEHO-
nedopmoBanuii ctan 30ipHOT 3a)1i300€TOHHOI KpY-
[THOMAHEIbHOT Oy IiBJI 3 ABOMA BapiaHTaMH IIi/iBa-
JIGHOTO TIOBEPXY: 301pHMIA a00 MOHOJIITHHMA.

Y po6oTi B SIKOCTI METOY JOCIIKEHHS BHKO-
pHUCTAaHO YUCIIOBE MOJACTIOBAHHS B3a€MOJIi eJeMe-
HTIB CHCTEMH: IPYHTOBa OCHOBa — (DyHIAMEHT —
HaJ[3¢MHa KOHCTPYKITisl.

Byno BcraHOBIEHO, IO 3aMiHa y IaHEIbHOMY
OyAMHKY JHIIE OJHOTO MiJBAJLHOTO IMOBEPXY i3
30ipHOTrO 3aJ1i300€TOHY HAa MOHOJIITHUH BIUIMBAE
Ha TIEPEepO3IOAT 3yCHIIb, TaK CaMOHeCyda CTiHa
JIOBaHTAXYETbCs B 2,6 pasiB, a HaiOinbll 3aBaH-
TaXE€Ha CTiHa, Ha SKYy CIHPAIOTHCS 3 000X OOKiB

Bikrop Hocenko
K.T.H., JIOLEHT Ka)epH TeOTEeXHIKH

Outer KpuBenko
acucTeHT Kadeapu
TeOTEXHIKH

TUTMTH TIEPEKPUTTS, PO3BAHTAXYETHCS /10 2,1 pasis.

BusiBnieHo, 1o npu BapiaHTi i3 MiABaIbHUM TO-
BEpXOM 13 30ipHOrO 3ami300eTOHy pO301KHICTH
3yCHJIb B OTOJIOBKAX Mauib (IIiJ] HECyYUMHU CTIHAMH)
MoOKe BifpisHATHCS B 1,98 pas3u, a mpu MOHONIT-
HoMy B 1,17 pasiB. ToOTO pu MOHOJIITHOMY (yH-
JaMEHTI Tepepo3MOIia 3YCHIb MK HaIIMH €
OLITBIT PIBHOMIpHUM.

BcranosieHo, 1110 MOHOJIITHHH 3ai11300€ TOHHHI
IiIBaIbHUN TOBEpX, y MOpPIBHSIHHI i3 30ipHUM,
3MEHIITy€ HEpiBHOMIpHE OCiTaHHS (yHIAMEHTY B
2,4 pa3u.

[Ipu mpoexTyBaHHI KpyHHOMAHEIbHUX OYIHH-
KiB JIOWIIBHO TiABaJbHUN TOBEPX IMepeadadaTa
MOHOJIITHAM — II¢ JO3BOJIUTH 3aBaHTAXHUTH (HyH-
JaMEHTHI KOHCTPYKILii OiNbII piBHOMIPHO, IO B
CBOIO 4epry 3MEHIINTh BiIHOCHI nedopmarii Oy-
TIUHKIB Ta iX BapicTh.

Kurouosi cioBa. Bypoin'ekuilina namns, 30ipHa
3aj11300€TOHHA MaHeIb, MOHOJITHA 3a11300€TOHHA
KOHCTPYKITisl, TIEPEPO3IMOAUT 3YCHIIb, JKOPCTKICTh
OyIMHKY.
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I[TOCTAHOBKA ITPOBJIEMU

[Tpu npoexTyBaHHi OyniBenb iHXEHEPH Ha-
MAararThCsl JOCATTH SIKOMOTa MEHIIIUX BiJHOC-
HUX OcCimaHp (yHmameHTiB cniopya, 00 BOHHU
BHOCSITh BarOMHUI BHECOK BIUTUBY Ha JIOJIATKO-
Bi 3yCWUIsI, IO BUHHUKAIOTh Y KOHCTPYKIIISX.
BigHOCHI OCimaHHSA MOXJIMBO 3MEHIIWATH LIUIS-
XOM JIOCSITHEHHSI PIBHOMIPHOTO TEpepo3nO/Ii-
Jqy 3yCWIb TiJ BEPTUKAIBHUMH HECYYHMHU
esleMeHTaMu Oyaisii. Lle B cBoro uepry nocs-
raeThCsl KOPETYBAaHHSM IIPOCTOPOBOI JKOPCT-
KOCTi OymiBIi.

Buime Bkazane m0BOJII MPOCTINIE peatisy-
BaTH B MOHOJITHOMY 3alli300€TOHi, 1¢ BCi
€JIEMEHTH SIBIIIIOTH COOOI0 €IMHY KOHCTPYK-
1ifo. Y BUMAAKY 13 30ipHUM 3a11300€TOHOM, /i€
€JIEMEHTH KOHCTPYKIIH 3’ €THYIOThCS MIXK CO-
0010 PO3YMHOM Ta 3aKJIATHUMHU JCTaISIMH,
CKJIQJHIIIE JOCSATTA PIBHOMIPHOTO PO3MOALTY
3yCWJIb B IUIaHI Ta MO BEpTUKam (Tak K Ha-
MPUKJIA] € CAMOHECYYi IMaHeli, a € TmaHesl Ha
KOTp1 OMUPAIOTHCS TUTUTH NMEPEKPUTTS).

Tomy momryk oOrpyHTOBaHUX KOHCTPYKTH-
BHUX pillleHb MO 30UIBIIEHHIO MPOCTOPOBOI
YKOPCTKOCTI (a OTXe 1 10 3MEHIIIEHHIO BITHOC-
HUX OCiZ]aHb) JUIsi 0araTonoBePXOBUX MaHENb-
HUX OYJIMHKIB € aKTyaJIbHUM.

AHAJII3 ITOITEPEJJHIX JOCIIIIPKEHD

[lutaHHAMH pPOOOTH €JIEMEHTIB 301pPHOTO
3amizo0eTony 3aiiMaBcs JloOpoxmon M.I., Xo-
xmH J[.0. [3]. Takox Oyau BUKOPHCTaHI MO-
nepenni gocmipkenns boiika LII., Kpusen-
ko O.A. [4] Hocenka B.C. [5] y gxux po3kpu-
BaIOThCS MUTAHHS BIUIMBY TEXHOJIOTIi BIalll-
TyBaHHS IMajib Ta >KOPCTKOCTI Oy/liBeJIb HAa Ha-
MPYKEHO-Ie(POPMOBAHHI CTaH CHUCTEMH «OC-
HOBa — (yHIAMEHT — HaJ3eMHA KOHCTPYKIIIS.

META POBOTU

JlocnmiiuTy BIUIMB SKOPCTKOCTI IMiIBAIBHOTO
MOBEPXY JKUTIOBOro OyIMHKY 13 30ipHOTrO 3a-
JTi300€TOHY Ha HampyXeHo-IehopMoBaHUN
CTaH Horo (yHIaMeHTIB Ha OCHOBI YHCIIOBOTO
MO/ICTIIOBaHHS CHCTEMH «OCHOBA — (pyHIaMEHT
— HaJ3eMHa KOHCTPYKIIisD».

OCHOBHE JOCJIJIXKEHHA

VY naniif ctaTTi po3rasHyTO TpU 16-TH TIO-
BEPXOBI KUTJIOBI CEKIIii 3 MiJ3eMHUM MapKiH-
roMm. HangszemHa dyacTmHa 3ampoekToBaHa i3
30ipHOTO 3amizoberony. IlimzemHuii moBepx
OyZeMo po3TJIsIaTH Iajii y CTaTTi y JBOX Bapi-
aHTax: fK 13 30IpHOTO TaK 1 3 MOHOJITHOTO
3anmizo0eTony. OyHIAMEHTH CEKIii po3aisieHl
MK c00010 nedopmaliiiHuMH IIBaMH 1 TIPE]I-
CTaBJISIIOTH c00010 pocTtBepku (h=1M) min He-
cyuuMmu cTiHamu. [lanboBe mosie mpejcTaBie-
HO 13 Oypoin’exuiitnux nanp (CFA piles) nia-
Metpom 620MM 1 momxuHOIO 14,5M. 3a pe-
3yJbTaTaMH HATYpPHUX CTaTHYHUX BUIPOOY-
BaHb PO3paXyHKOBE HABAaHTAXKEHHS Ha MaJio
cknamae 250tc. Ha puc. 1 HaBeeHO CKiHUEHO-
€JIEMEHTHY MOJIENb JKUTJIOBOrO OYyAMHKY: CEK-
mis 1, 2 Ta 3.
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Puc.1. CkiHueHO-eIeMEHTHA MOIENH
Fig.1. Finite element model

[pyHTOBUii MacuB y IaHi Ha nepudepii
Ma€ CITKy po30UTTs 3x3M, sKa MOCTYMOBO Ha-
OmKarunch 10 QyHIAMEHTIB CEKIIi 3MEH-
myerbest 10 0.5x0.5M. IpyHTOBHMI MacuB Mae
dbopmy mapaseneninena 3 po3MipaMu y TuTaHi
51,9x100,7m i Bucotoro 24,5m. IpyHTOBI yMo-
BH OY/IIBEJIbHOTO MaiaHYHMKa MPECTABICH] Y
tabmuti 1 Ta Ha puc. 2.

[Ipu mpoexTyBaHHI naHOi OymiBii 13 30ip-
HUX 3aT1300€TOHHUX MaHeNed po3rasaanucs 2
BapiaHTH MiJIBAJILHOTO MTOBEPXY:

1. Crian nmigBanxy Ta NEPeKPUTTS HAJ M-
BaJIOM 13 301pHHX 3aJ11300€TOHHUX €JIEMEHTIB.
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2. CriHu migBaily Ta MEPEKPUTTS HaJ M-
BaJIOM 13 MOHOJIIITHOTO 3a/1i1300€TOHY .

Hanam Oyaemo anamizyBaTH HaIpyKEHO-
nedopMoBaHUil cTaH TiUTbkH cekiii Ne 1, Tak
K s cekiiii Ne 2 ta Ne 3 cmoctepiraerbes
aHAJIOT14HA CUTYaIlisl.

Posristremo «1» Bapiant. Y maHoMmy Bapia-
HTI CTiHM MiIBally Ta IJIUTA MEPEKPUTTA 301pH1
1 mpexacraBieHi Ha puc. 3 (OpieHTaulis IUIAT
MOKa3aHO IMITPUXOBOIO JIIHIEIO).

Tabm. 1. dizuko-MexaHIIHI XapaKTePUCTHKU
Table 1. Physico-mechanical characteristics

Ne ITE Bun rpyHTy p, T/eM3 |, rpan.| c, xlla |E, Mna
26 |cymicox mnacTHUHHIT 1.93 23 29 21
MicOK MIUTYBaTHIt,
36 . . 1.74 32 2 24
cepell. MUIBHOCTL
MiCOK MIUTYBaTHIL,
3B . - 1.89 34 4 30
IMUTEHIIT
CYTIIHHOK
56 . 1.96 10 53 20
TYTOIUIACTHYHHIT
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Puc.2. IpyHTOBI yMOBH.
Fig.2. Soil conditions.
KpyzanonycmomHi naumu

Cminu nidbany \ PocmBepk

bypoiv‘ekyidni nani

Puc.3. IlixBanbHuil moBepx i3 36ipHOTrO 3aIiz300€-
TOHY (cekirist 1).

Fig.3. Basement floor made of precast renforced
concrete (section 1).

3ycwuist sIKi IPUXOAMIIH Y TiABaNIbHI 301pHI
3anmi300€TOHHI MaHeni (CTIHM) TMepeaaBaluch
BiJI BHIIIE PO3TANIOBAHUX KOHCTPYKIIIH Oy TiBIIi
AK1 TakoX 30ipHi. Y MOAaibIIOMY aHali3 Ha-
BaHTKEHb MPOBOJUBCS Y TPHOX XapaKTEPHUX
nanensix 1, 2 ta 3 (puc.4).Take pimenns 0ymno
apryMEHTOBAaHO THM IO IIi TPW TaHENl BiJ0-
OpaxaroTh BC1 TPU MOKJIHBI BapiaHTH HaBaH-
TakeHb. To0TO:

1. Crina 1: HaBaHTaXEHHS IPUXOIUTH BiJI
camMoi MaHeNl Ta Bil IUIUT TMEPEKPUTTS IO
CIIUPAIOThCS HA KOHCOJIb ITAHEI JIUIIE 3 OAHIET
CTOPOHH;

2. Crina 2: caMoHecydYa TMaHeNb, TOOTO
IUTUTH TIEPEKPUTTSI Ha Hel He CIIUPAIOThCS;

3. Crina 3: HaBaHTaXEHHS MPUXOIUTH BiJ
camMoi MaHeNl Ta Bil IUIUT TMEPEKPUTTS IO
CIIUPAIOThCS Ha KOHCOJI1 TTaHe i 3 IBOX CTOPIH.

CmiHa 2 CmiHa 3
T
]
X 3
§
::::::::— *::W
KpyeazonycmomHa nauma

nepekpumms

Puc.4. Cxema posramnryBanss ctiH 1, 2, 3 Ta opien-
Talisi KPYTJIOMYCTOTHUX IUTUT MEPEKPUTTSI.

Fig.4. The layout of the walls 1, 2, 3 and
orientation of circular hollow floor slabs.

HeoOxigHo 3a3HayuTH, MO CTIHU MiABaIY
MpU MOJICTIOBaHHI PO3MINTI MiX co00r0. Bu-
I CTIHOBOI MaHeni migBaixy 1 pa3om 3 Bin-
MITKAMH «BEpX» Ta «HHU3» 300paKCHO Ha
puc. 5. CtiHu mix HOoMepamu 2 Ta 3 MawoTh
AHAJIOTIYHUN BUTJIAL.

Hwuxue 300pakeHO HaBaHTaXEHHsI K1 TIPU-
XOJISITh Ha MMiBaJbHI CTIHU y JBOX TOPH30HTA-
JTBHUX TIepepizax:

1. Bepxcrin 1, 2, 3;
2. Huscrin 1, 2, 3.

Sk Mu Oaummo cTiHa 1 Mana HaBaHTaXKEHHS
794 T 1 MOBaHTaXXWJIACh y PiBHI HIKHBOTO TIe-
pepizy g0 877t (puc. 6). CriHa 2 BiAMOBITHO
3361 Ta 358T, cTi"a 3 - 145911 1591T.
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3anizodemoHHa naHeb

Bepx cmiHu

Huz cminu

Cmina 1/

Puc.5. Burnsan crinoBoi maneni 1 (ctinm 2 ta 3
MAalOTh aHAJIOTIYHUH BUTIIS).

Fig.5. View of wall panel 1 (walls 2 and 3 have a
similar appearance).
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Puc.6. HaBantaxxenss Ha ctinu 1, 2, 3 (T).
Fig.6. The load on walls 1, 2, 3 (10kN).

SKmo y BIICOTKOBOMY BIJIHOIIICHHI TO CTi-
Ha 1 moBaHTaxkmnack Ha 10%, crina 2 Ha 7%, a
crina 3 Ha 9%.

Tenep nepeiiaeMo 10 aHami3y 3ycuib y na-
X (MakcMMajbHE HABAaHTAXCHHS Ha TIAITIO
2501c). HaBanTaxeHHs Ha maii Oy/ieMo aHali-
3yBaTd B THX MaJSIX [0 PO3MIMICHHI BiIOBII-
HO mifn ctinamu 1, 2, 3 (puc. 7). Ilix crinoro 1
pO3MIIIeHI HACTYyIHI HOMepa mnanb: 1, 2, 3, 4,
5. Ilig crinoro 2 BignowimHo: 6, 7, 8. Ilix cri-
Horo 3: 9,10, 11, 12, 13.

Haanrtaxenns Ha nani mig Homepamu 1, 2,
3,4,5,6,7,8,9, 10, 11, 12, 13 BimoOpakeHo
rpa¢iyHo Ha puc. 8.

Bunno, mo crina 2 (camoHecydya) HaliMeH-
IlIe HABaHTa)KE€Ha, a CTiHa 3 HaWOUIbIIE TaK SK
Ha Hel CIIUPAIOTHCS 3 JBOX OOKIB IUIUTH TIEpe-
KPUTTAL.

BinHocHe MakcuMmanbHE OCITaHHS pOCT-
Bepka cekmii Nelcknano -57MM y Micii mpu-
MuKkaHHs cekmiit 1 ta 3 go cekmii 2. OcimanHs
LIEHTPAIbHOI YaCTHUHHU CEKIlii CKJIaJae B cepe-
JTHBOMY -25MM (JIUBUCH puUC. 9).

Ha puc. 10 300pakxeHO BiIHOCHI OCiTaHHS
OT'0JIOBKIB Itk IIi cTinamu 1, 2 ta 3.
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Puc.7. 3ycunns B oronoBkax nanb cekuii 1 (1).
Fig.7. Efforts in pile of section 1 (10kN).
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Puc.8. 3ycumns B oromoBkax manb mig criHamu 1,
2 1a 3 (T).
Fig.8. Efforts in pile under walls 1, 2 and 3 (10kN).

HenheltHoe sarpysenie |
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Puc.9. BigHocHe ocigaHHsS pPOCTBEpKa MiA CEKLi-
€0 1 (Mm).

Fig.9. Relative raft settlement under section
1 (mm).
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Puc.10. BimnocHe ociganHs (MM) OTOJIOBKIB Iajhb
mix crigamu 1, 2 ta 3 (cekis Ne 1).

Fig.10. Relative settlement (mm) of pile under
walls 1, 2 and 3 (section Ne 1).

OTmxe MOXeMO 3pOOUTH TaKWi BHCHOBOK,
IO Ti 3yCWJUIS KOTPI MPUXOAATH Y MiJBAJIbHI
301pHI 3a11300€TOHHI CTIHH TEPEXOAATh IPO-
MOPIIKHO HA Tl KOTP1 pO3TalIOBaHi Mif IIH-
MH CTiHAMH, TOOTO SIKIIIO Ha CTIHY 2 MPUATILIO
HaBaHTAXCHHA HaiiMeHIe (i3 TpPhOX BapiaHTIB
ctin 1, 2, 3), TOo 1 mam M 1€ CTIHOK Oy-
IyTh HalMEHIE HaBaHTAXXKEHUMH. A SKIIO
HaWO1IpIIIe HABAHTAKEHHS MPUUIIIO HA CTIHY
3 10 1 mani mia Heto BiAMOBiAHO OyIyTh Haibi-
JIBIII€ HABAHTAKEHUMH.

Tenep naBaiiTe po3riasHEMO «2» BapiaHT. Y
[IOMY BapiaHTi CTiHU MiJABaNly Ta IUTUTA TIepe-
KpUTTS MOHOIITHI (puc. 11).
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Puc.11. IlinBanpHMi IOBEPX i3 MOHOJITHOTO 3aJi-
300eTony (cekis 1).

Fig.11. Basement floor made of monolithic
renforced concrete (section 1).

Tak camo sIK 1 B MONepeIHLOMY BapiaHTi
OyInemMo aHamni3yBaTH Ti K caMi CTIHH MiJ HO-
Mepami 1, 2 Ta 3.

Hwuxue, na puc. 12, 300paxeHo HaBaHTa-
KEHHSI, SIKI IPUXOJIATh HAJ ITiIBAJBHI CTIHHU Y
JIBOX TOPHU3OHTAJIBHHUX Tepepizax: «Bepx» Ta
«HUBY.
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Puc.12. HaBantaxenus (1) Ha ctiam 1, 2, 3 Ha
BEPXHHOMY Ta HIDKHBOMY 00pi3ax.

Fig.12. Load on walls 1, 2, 3 on the top and bottom
edges (10kN).

Sk Mu GaunMmo mepina cria 1 Mana HaBaH-
TaXeHHs 794 T 1 JOBAaHTAXKWIIACH Y PiBHI HIK-
HBOTO Tepepizy ao 986t1. pyr crina 2 Biamo-
BiHO 336T Ta 954T. Tpets ctina 145911 751T.

SIK1mo y BiZICOTKOBOMY BiJHOIIEHHI TO Iie-
plIi cTiHa ToBaHTaXwiach Ha 24%, apyra CTi-
Ha Ha 184%, a Tpers po3BaHTaXwiach Ha -
49%.

Hwuxue (puc. 13) naBeneHo Qparment 3y-
CHJIb B OTOJIOBKaX MaJlb 3 OOMEXEHHSAM 3YCHII-
151 250Tc (cexist 1).
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Puc.13. 3ycunns B oronoBkax nanb cexii 1 (T).
Fig.13. Efforts in pile of section 1.
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BugHo 3 BUIIE pO3TAlIOBaHOTO PHCYHKa,
10 TaJi MmiJ CTiHOK 2 (caMOHecydYa) 3aBaHTa-
JKE€HI CXOKMM YMHOM SIK ITaiIl Imijg cTiHaMu 1 Ta
3 Ha sKI OKpiM BJIaCHOI Bard CHHUPAIOThCS 1
IUTMTH TIEPEKPUTTA. 3yCHWIUIS y TalsixX Bijo-
OpakeHo y BUIIIAI rpadikiB Ha puc. 14.
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Puc.14. 3ycumnns B oronoBkax manib cekii 1 (T).
Fig.14. Efforts in pile of section 1 (10kN).

BinHocHe MakcuMmanbHE OCITaHHS pOCT-
Bepka cekmii Ne 1ckmano -24mMm y wmichi mpu-
MHKaHHs cekiliii 1 ta 3 mo cekii 2 (puc. 15).

biX MepentemeEti 10 Z(G)
‘Emmn nvepens - ¢

Puc.15. BigHocHe ocinanHs pOCTBEPKY (MM).
Fig.15. Relative raft settlement (mm).
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Puc.16. BimnocHe ocimaHHs (MM) OTOJIOBKIB Tallb
mix crigamu 1, 2 ta 3 (cekis Ne 1).

Fig.16. Relative settlement (mm) of pile under
walls 1, 2 and 3 (section Ne 1).

Ha puc. 16 300paxeHO BIJTHOCHE OCiIaHHS
(MM) OTOJIOBKIB mauib mif cTiHamu 1, 2 Ta 3.

OTxe, SKIIO MiIBECTH MiACYMOK IO MOHO-
JTITHOMY MiABaJy TO MOXEMO CTBEPIXKYBaTH,
oo Ti 3yCWUIS KOTPI MPUXOAATH HAa BEPXHIN
o0pi3 MiABaNbHUX MOHOJITHHX 3aJ11300€TOH-
HUX CTIH TPOXOISYH JIO0 HWKHBOTO O00pi3y
MEePepO3MOIISIOTECA TaKUM YHHOM: CTiHa 1
JoBaHTaXkmWiIack Ha 24%, cTiHa 3 po3BaHTAXH-
nack Ha -49%, a ctiHa 2 koTpa Oyya caMoHe-
cydoro noBaHTaxuiach Ha 184%. HaBanra-
JKEHHs Ha Tayi TiJ CTIHAMU 3HAXOIAThCA Y
miarasoni 213-250r.

[TopiBHsIEMO 30ipHUIT Ta MOHOJITHUN 3aJIi-
300€TOHHUH TOBEpPX 32 HACTYMMHUMH BEITUYH-
HaMHu:

1. HaBanTaxeHHs Ha cTiHH 1, 2, 3 Ha HH-
KHBOMY O0pi3i.

2. HapanraxkeHHs Ha maim Immij cTriHAMHA
1,2,3.

3. OciganHs manb mif ctinamu 1, 2, 3.

1. ITopiBHSHHS HaBaHTAXKEHb HA CTIHU (PHC.
17 ta 18).
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Puc.17. Po3nopin 3ycuns y crinax 1, 2, 3 Ha HUX-
HBOMY 00Di3i (T).
Fig.17. Efforts distribution in the walls 1, 2, 3 on
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the lower edge (10kN).
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Puc.18. [TopiBHAHHS pO3NOAiNY 3yCHIb Yy cTiHaX 1,
2, 3 Ha HIXHBOMY 00Di3i (%).

Fig.18. Comparison of efforts distribution in the
walls 1, 2, 3 on the lower edge (%).
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Mu 6aunmo, 110 3MiHA TiABAIIEHOTO MTOBEP- )
Xy 13 30ipHOTO Ha MOHOJITHUU Aa€ OUIBIIUN s0 1

edexT Ha CTiHy 2 — JoBaHTaXeHHS Ha 166%. 0 |
A cTiHa 3 He OUBIAYNCH HA TE 1[0 BOHA € Hali- P |
OUTBII 3aBaHTAXXEHOI (TPUMHKAIOTH IUIHTH o1 {
MEPEKPUTTS 3 BOX CTOPiH) PO3BAHTAKHIIACH - ) -
Ha -53%. 7 n

2. TlopiBHSIHHS 3yCWJIb y OTOJIOBKaxX Mallb or n

(puc. 19-24). o L7

350 lans 6 llans 7 llans 8

Puc.22. IlopiBHsAHHS 3ycuib y najsix (cTina 2), %.

200 7 Fig.22. Efforts comparison in pile (wall 2) (%).
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Puc.19. 3ycunns y mansix (crina 1), T.
Fig.19. Efforts in pile (wall 1), (10kN). 50 -
100 0 : . . . :
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Puc.23. 3ycunns y nansx (ctina 3), T.
Ny Fig.23. Efforts in pile (wall 3), (10kN).
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Puc.20. ITopiBHsiHHS 3ycwib y naisx (ctina 1), %. 5
Fig.20. Efforts comparison in pile (wall 1), (%).
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Puc.24. TlopiBHsiHHS 3yciib y naisix (ctTiHa 3), %.
Fig.24. Efforts comparison in pile (wall 3) (%).

200
150
100 3 rpadikiB BUIHO IO TPHU MOHOJITHOMY
mijBai maii mijx cTiHorw 1 1 0coOIMBO I CTi-

HOIO 2 JIOBaHTaXXYIOThCS, a Tajl MiJ CTIHOK 3
PO3BaHTAXKYIOThHCA.
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Puc.21. 3 ifa 2), T. 2
ue.21. 3yemis y naiix (ctina 2), T miz crinamu 1, 2, 3 (puc.25-30).

Fig.21. Efforts in pile (wall 2), (10kN).
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Mana 1 [llaas 2 lasra 3 [lasa 4 lana 5

Puc.25. BigaocHe ocimanHs mans (cTiHa 1), MM.
Fig.25. Relative settlement of piles (wall 1), mm.
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Puc.26. BinaocHe ocimanHs majis (cTiHa 1), %.
Fig.26. Relative settlement of piles (wall 1), %.
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Puc.27. BigHocHe ocinaHHs maib (cTiHa 2), MM.
Fig.27. Relative settlement of piles (wall 2), mm.
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Puc.28. BignocHe ocimanus nainsb (criHa 2), %.
Fig.28. Relative settlement of piles (wall 2), %.
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Puc.29. BignocHe ocinanHs mains (cTiHa 3), MM.
Fig.29. Relative settlement of piles (wall 3), mm.
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Puc.30. BigaocHe ocimanus nans (criHa 3), %.
Fig.30. Relative settlement of piles (wall 3), %.

BUCHOBKU TA PEKOMEH/IALIIT

1. 3aMiHa y maHenbHOMY OYAMHKY JIUILIE OJ-
HOTO TMIiJBAJILHOTO TOBEpPXy i3 30ipHOrO Ha
MOHOJITHHM 3ai300€TOH BIIMBAaE Ha TEpe-
PO3TOALT 3yCHIIb, TIPH SIKOMY CaMOHEecydYa CTi-
Ha JIOBaHTaXyeTbcd B 2,6 pa3iB, a HaHOUIbII
3aBaHTa)X€HA CTiHA, HAa SKy CHHPAIOTBCS 3
000X OOKIB IUIMTH HEPEKPHUTTS, PO3BAHTAXKY-
€Thes B 2,1 pasu.
2. Ilpu 30ipHOMY mizZBajdi Pi3HHULA 3yCUIb B
OTOJIOBKAX ITajlb MOKE BIAPI3HATHCS B 2 pasw,
a npu MoHoJiTHOMY B 1,2 pazi. ToO6To npu
MOHOJIITHOMY (DYHIAMEHTI Tepepo3noIail 3y-
CHJIb MK AJIIMU € O1IbII PIBHOMIPHUM.
3. ¥V BUMNAJKy SIKIIO IiJBaJ BUKOHAHO i3 30ip-
HOTO 3aJ1i300€TOHY BiJJHOCHE OCIAaHHS POCT-
BEpKa CTAHOBUTH -57MM, a IPH MOHOJITHOMY -
24mMm. Tak camo 1 BIZHOCHE OCIHAHHSA ITaNIb
3MEHIIMJIOCH Bif 2 i 10 3 pa3iB y MOpiBHAHHI
13 30ipHUM 3a711300€TOHOM.

3 BHIIe BKa3aHMX BUCHOBKIB MOXXHA JaTh
TaKy PEKOMEHJAIlilo, 1[0 MpH NPOEKTyBaHHI
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MaHebHUX OYJWHKIB JONUIGHO TIiABATBHUN
MOBEPX 3pOOMTH MOHOJITHUM — 1€ TO3BOJMTH
3aBaHTAXUTH  (yHZaMEHTHI  KOHCTPYKIIii
OUIBII PIBHOMIPHO, IIO B CBOIO YEPry 3MEH-
IIMTH BIAHOCHI nedopmarii Oy JMHKIB:

Ane Takox Tpeba HAroJOCUTH, L0 JUIS
MIPOEKTYBaHHS MajIbOBOr0 MOJsL A 301pHO-
MaHENIbHOTO OYJIMHKY 3 MOHOJITHUM IIiJBaJIb-
HUM TOBEPXOM METOAMKA 3HAXOKEHHS 3Y-
CHJIb LIUIIXOM BaHTa)XKHUX ILIOL] OyAe HEKope-
KTHOIO0. HeoOXiHO B TakuX BUIAJAKax 3acTo-
COBYBaTH 4MCJIOBE MOJEIIOBaHHs, A€ Oyne
BPaxoBYBaTHUCh MEPEPO3IOILT JKOPCTKOCTEH.
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Influence of house bearing construction rigidity
of precast reinforced concrete on stress-strain
state Continuous Flight Auger (CFA) piles
foundations
Viktor Nosenko,

Oleg Krivenko

Summary. At present, the tendency to build
multi-storey residential buildings has become
widespread in Ukraine. This is due to a number of
reasons: significant increase in land prices in cities,
dense urban development and the availability of
appropriate equipment for the construction of such
structures. One of the most common materials for
multi-storey buildings is monolithic reinforced
concrete. The main advantage of monolithic struc-
tures is the possibility of free spatial planning and
the possibility of uniform redistribution of forces
in the elements of the frame - the house works as
one rigid entire structure. On the other hand, such
structures require a long construction time and
appropriate highly qualified control of monolithic
works. Therefore, as an alternative, prefabricated
reinforced concrete structures are used to acceler-
ate the pace of construction.

In this work, the influence of the rigidity of a
precast reinforced concrete house on the stress-
strain state of CFA piles foundation is investigated.
The stress-strain state of a precast reinforced con-
crete building with two basement options is ana-
lyzed: precast and monolithic.

The numerical modeling of the interaction of
the system elements is used as a research method:
soil base - foundation - aboveground structure.

It was found that the replacement in a prefabri-
cated house only one basement floor of precast
concrete on a monolithic one affects the redistribu-
tion of forces, so the self-supporting wall is loaded
2.6 times, and the busiest wall, which rests on both
sides of the floor slab, is unloaded to 2.1 times.

It was found that in the case of a basement
made of precast reinforced concrete with a precast
basement the difference efforts in pile heads (under
the load-bearing walls) can differ 1.98 times, and
in the case of a monolithic one 1.17 times. So it is
mean, the monolithic foundation redistributed of
efforts between the piles is more uniform.

It is established that the monolithic reinforced
concrete basement, in comparison with the prefab-
ricated one, reduces the uneven settlement of the
foundation by 2.4 times.

When designing large-panel houses, it is advis-
able to provide a basement floor monolithic - this
will allow to load the fundamental constructions
more evenly, which in its reduction reduces the
relative deformation of buildings and reduces their
cost.

Key words. Continuous Flight Auger (CFA)
piles, panel of precast reinforced concrete, con-
struction of monolithic reinforced concrete, efforts
distribution, house rigidity.
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AHoraunis. Ha nanwii yac y BeNMKHX MICTax,
MiCTaX-MiTBHOHHUKAX, CIIOCTEPIra€ThCs TEHACHITIS
n0 OyIiBHUIITBA BEJIMKOI KUTBKOCTI IKHTIOBHX
0araTormoBepXOBUX OyJiBeNIb Ta TOPrOBEIbHO-
PO3BaXKATBLHUX KOMILIEKCIB HA HEOCBOEHUX, Billb-
HUX Bij 3a0yM0BH, NINSHKAX MiCBKOi TEPHUTOPIi.
st 3a0e3nedeHHsT MPOMOBOJIBYNX TOTped Hace-
JICHHS] BUHHKA€ HEOOXIJHICTh Yy CTBOPECHHI BeH-
KHX CKOTapChKHX KOMIUICKCIB. YKpaiHa, Marouu
3HAYHUN MPUPOJHUMN pecypc, CTBOpUIIAa YMOBU JJis
MPUXOAY KPYIMHUX MDKHapoIHUX iHBecTopiB. To-
My MpPOTSITOM OCTaHHIX POKIB aKTHUBHO BinOyBa-
€ThCS OHOBJICHHS MaTepialbHO-TEXHIYHOI CUTBCh-
KOTOCTIONapChKoi 0asw, M0 CIPHUSE BiAPOIKECHHIO
Maibke TOKHHYTO1 1 3aHen0aHoi y 90-Ti poku oxHi-
€1 i3 OCHOBHHX HAIpPSMKIB [TisSUTBHOCTI Ta CHemiai-
3aril Hamoi AepaBu — CUTHCHKOTO TOCTIONApCTBA.
Po3ymitoun, moTpedy cy4acHOro CBiTy y BHPOIILY-
BaHHI OpPraHiYHUX MPOAYKTIB, OCBOEHHI HOBHUX
pUHKIB 30yTy (y TOMY YHCII i 32 KOPIOHOM), Bill-
OyBaeThCsl MOJIEpHi3allisi, OHOBJCHHS, IEPEOCHA-
IICHHS HE JHMIIE 3acTapijioro, He e(QeKTHBHOTO
oOxamHaHH, a ¥ mpoleciB BUPOOHUIITBA, 1 SK Ha-
ciimok, OymiBens, criopyn, KoMimiekcis. Lle mpus-
BOJUTH JI0 TOSIBM HOBHX I1H)KEHEPHUX 00 €KTIB,
KIacudikarito, ocoomuBocTi OymiBHHUIITBA, TTPOEK-
TyBaHHS Ta €KCIUTyaTamii sSKAX HEeoOXiTHO IO0CIIi-
JDKYBaTH, BUCBITIIOBATH B JIITEpaTypi, BpaXxoByBa-
TH Ha PI3HUX eTamnax ix (yHKIiOHyBaHHS.

OpauM i3 Takux 00’€KTIB € «IaryHu». B maniit
myOumikanii IpuBeIeHO OCHOBHE BH3HAYCHHS CIie-
LiaIbHOI  CITBCHKOTOCHOAAPCHKOI  CIIOpYOd  —
JIATYHH, TMPECTAaBIEHO iX Kiacudikallito 3a pi3HU-
MH TIapaMeTpaMd: MiCIIe3HaXOPKCHHAM, TIHOH-
HOIO BJIAIITYBaHHS, (POPMOIO Ta pO3MipaMHu B IUIa-
Hi, 332 YMOBaMH B3a€MO/Iii 3 HABKOJIMIITHIM Cepe/Io-
BHINEM, 3a MarepianoM. [IpuBeneHi OCHOBHI Tex-

Oaer Manumes
JOLICHT Kadeapu
= FEOTEXHIKH
K.T.H., JOII.

Amnppiii Pamenko
CT. BUKJIaJa4 Kadeapu
TeOTEXHIKH

Tersina unran
CT. BUKJIaga4 kadeapu
TeOTeXHIKH

SpociiaB CeHUHIIUH
MaricTp

HOJIOT1YHI MPOIIECH IO BIUIMBAIOTh HA MPOCKTY-
BaHHs, OYIIBHUIITBO 1 €KCIUTyaTallito jaryH. Bigo-
OpaskeHO OCHOBHI BUMOTH JI0 MaTepialiB (TeoTeKc-
THIJIb, TeOMeMOpaHa), a TaK0K OCHOBHI BHMOTH JI0
iX 30epiraHHs, BHKOPHUCTAHHS Ta BIAMITYBaHHSI
Py CTBOPEHHI BOJOHETIPOHMKHHX EKpaHiB IpH
OymiBHULTBI JaryH.
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[TokazaHo mpakTUYHE BHPOBAKEHHS PO3IIIS-
HYTOI CITbCHKOTOCIIONAPChKOI KOHCTPYKIIii Ta Ma-
TepiamiB ayA ii OyMiBHHUIITBA.

Karwuosi caoBa. 3emisina namba, IpupoHii
YKJIOH, KOTJIOBaH, CUTLChKE TOCIIOIAPCTBO, JaryHa,
CXOBHIIA, 30epiraHHsA, T€0EKOJIOTisl, HaBKOJHIITHE
CEpeJIOBHIIE, TiAPOI30JALisA, BOJOHEIPOHUKHUI
€KpaH, TEOTEKCTIIIb, TeOMEeMOpaHa.

I[TOCTAHOBKA ITPOBJIEMU

3a ocTaHHI POKH JOCHTH aKTyaJbHUMHU
CTaIOTh MUTAHHS 3a0yJ0BU TEPHUTOPIi MicTa Ta
MIPWIETJINX TEPUTOPIM BUCOTHUMH Ta OaraTo-
MOBEPXOBUMH OYJiBISIMH, SIKi JO3BOJISIOTH
3a0€3MeUYNTH HACENICHHSI BHCOKOSKICHHUM, CY-
gacHUM Ta KOoMQopTHUM kuTiIoM. Ilporte
He ci1ijx 3a0yBaTy, IO TEPUTOPIisl HAIIOT KpaiHu
B 0araThOX BUIIA/IKaX BUKOPUCTOBYBAJIACS IS
CUIBCBKOTO TOCHoJapcTBa. B cydacHHX ymo-
Bax Bi0yBaeThcs 3a0yJ0BU JIiCiB, MAPKIB, PO-
JIOYHMX IPYHTIB, & TAKOXX 3HECEHHS 3aCTapiInX
CUIBCHKOTOCIIOIAPCHKUX KOHCTPYKLIN, Oyi-
BeJb Ta CIIOPY 1 CTBOPEHHS Ha iX MiCIli HOBUX
XKHUTIOBUX MacuBiB. [IpoTe mopsn 3 mum cro-
CTEpIraeThcs TEHIEHIS 3ayYeHHS 3aKOPJIOH-
HUX IHBECTHIIH 171 OHOBJICHHS MaTepiaibHOi
Ta TEXHIYHOI CITBCHKOTOCTIOAPChKOT 0a3u, 110
notpedye MaTH, OHOBIIOBATH ICHYIOUHUU abo
3100yBaTH HOBMH JOCBiJ] NPOEKTYBaHHS Ta
OyIiBHUIITBA CIIOPY/I AJISl TAKUX MOTPeEO.

AHAJII3 ITOINEPEJHIX JOCIIII)KEHD

3arasoM Ha JaHWKA Yac OUTBIIICTH POOIT
IPUCBAYEHA TEXHOJOIIYHUM OCOOJIMBOCTSAM
eKCIUTyaTallii ClUIbChKOTOCIIONAPCHKUX Oymi-
BeJb Ta cnopyn [1, 2], 1 He mpuiiMarOThCs 10
yBaru METOM iX OyJiBHUITBA Ta IiABUIICHHS
e(eKTUBHOCTI UX MeToiB. Takox Mmaiike He
PO3TIIAIAIOTECS OCOOJIMBOCTI OYIIBHHIITBA Ta
eKCIUTyaTallii HOBUX THIIIB CIOpPY., A0 SIKUX,
SK TPUKJIAJ, MOXKJIMBO BiTHECTH 00 €KTH, IO
ChOT'OJIHI MalOTh Ha3BY «Jlarynm» [3].

META POBOTU

O3HalloMUTHCS 3 OCHOBHMMHU KOHCTPYKTH-
BHHUMHU Ta TEXHOJOTIYHHUMHU OCOOIHMBOCTSIMH
MPOEKTYBaHHs, OyAiBHUITBA Ta eKCIUTyaTawii
CLITBCHKOTOCTIONAPCHKUX CHOPYA Ha TPUKIai

JaryH B CHCTEMIi TEXHOJIOTIS TPOIECY BHPOO-
HHUIITBA — TPOEKTYBAHHS.

OCHOBHE JIOCJIJKEHHST

JlaryHa B CUTBCHKOMY TOCIIOAAPCTBI — II€
HEBEJIMKA IITy4YHA CHOpyJa — BOAOWMA, IO
MpU3HAYCHA JJI1 HAKOMHMYEHHS Ta 30epiraHHs
MPOAYKTIB JKUTTETISUIBHOCTI TBApPUH 3 METOIO
ix momanpmioi mepepoOKH Ta HACTYIMHHUM 3a-
CTOCYBAHHSM B SIKOCTi OpraHi9HUX JOOPUB.

3araioM CTaHOM Ha ChOTOJHI, JaryHH IO-

IJISIOTE:

1) 3a Mmicre3HaXOKEHHSM: TMOJILOBI Ta MpH-
bepmepchki [4];

2) 3a rIMOWHOIO BIIAIITYBAaHHS:

e Ha3eMHI Ta HamiB3arjMOJIEHI, INIMOMHOIO
0 2 M — Juist 30epiraHHsl TBEPAUX PEYo-
BUH;

e 3arnuOieHi, rauouHo0 10 13 M — miId 30e-
piraHHs piIKuX peyoBHH [5].

[TpaBunbHa KOHCTPYKIliSI HAKOMUYyBadiB
BAXKJIMBA I Oe3MmeuHol Ta e(heKTUBHOI B3ae-
Monii 3 BigxoZaMu abo0 CTIYHMMH BOJAaMH, i
BHMarae iX IpaBWILHOI KOHCTpyKIii. B Oara-
THOX BUMAJKaX JaryHU MalOTh KBaJpaTHY abo
OpsIMOKYTHY (opMy B IUIaHi, PO3MIpOM TIO
IoBxuH1 10 70 M;

3) 3a yMoBaMM B3a€MOJIl 3 HABKOJIHIIHIM
cepenoBuiLeM [4]:

e BiakpuTi (6aceifHOBOTO TUIY);

e 3aKkpuTi. Bipi3HAIOTbCA HASBHICTIO CIEIli-
aJbHOI €JaCTUYHOI TeoMeMOpaH! TOBIIHU-
HOIO 1 MM, sIKa MMOKpUBA€ OpraHiuHi peyo-
BHUHHU Ta MEPEIIKOHKAE PO3MOBCIOIKEHHIO
3amnaxiB, iH(EKIIii, BUTapOBYBAHHIO a30TY,
a TaKOX PO3PIHKEHHS aTMOCHEPHUMHU
onagamu [6];

4) 3a maTepiaJoM KOHCTPYKIIIi:

e 3a7i300€TOHHI, M0 XapaKTEePHU3YIOTHCS
TiIBUIIICHOIO BapTICTIO OYAIBHUIITBA;

® 3CeMIISHI, y BUTISAI JAaMOu — BIIAIITOBY-
IOThCSl TI0 TIPUPOIHIA OCHOBI 13 3aCTOCY-
BaHHSM CIHEMiaIbHUX T€OCUHTETUYHUX Ma-
Tepiaiis.

BukopucTanHs jaryH y BUTIISAII 3€MIISTHUX
nam0 13 BUKOPHUCTAHHSM T'€OCHHTETUYHUX Ma-
tepianiB 3abe3neuye 100% mnpoTtudinprpariii-
Hui Oap’ep [7], 1X BapTICTh 3MEHIIYETHCS JI0
10 pa3iB y MOpIBHSHHI 13 3aJ1i300€TOHHUMH,
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IT1JIBUIIY€THCS IBUJIKICTh MOHTAXYy Ta € MOX-

JIMBICTh BUKOHAHHS pOOIT B 3UMOBHIA MEPiOJ.

BoHn xapakTepu3yrThCs TPHBAITUM TEPMiHOM

BUKOPUCTAHHS, a TaKOX BIJCYTHICTIO BHUMOT

110710 rabapuTiB JlaryHu B 1uiadi. [Ipu upomy,

JUI  BUKJIIOYEHHS MOJXKJIMBOCTI PO3IOBCIO-

JDKEHHS POCIMH TiJ TpOoTH(IIBTpaniitHuM

MOKPUTTSAM MiATOTOBJICHY IMOBEPXHIO 00p00-

JSIFOTH CTIELIATbHUMHU PO3YMHAMU. 32 paXyHOK

JTaHUX T HEe B1IOYBA€ThCSA MPOIEC MEPETHHU-

BaHHS POCJIMHHUX PEIITOK MiJ IUTIBKOIO 1 yHe-

MOJKJIMBIIIOEThCS IPOLIEC YTBOPEHHSI OpraHiy-

HUX Ta3iB.

[IpoekTyBaHHs Ta OyIBHHIITBO T'€OTEXHIY-
HUX KOHCTPYKIINA Il OYyIb-sSKUX TPOIECIB
noTpeOye 3HaHHS TEXHOJIOT1i BUKOHAHHS POOIT
Ha MailOyTHBOMY 00’ €KTi, OCKIIBKH BiH MOXeE
CIPUYMHUTH [JOJATKOBI HABAaHTAKCHHS Ha
€JIEMEHTH, @ TOMY BaXJIMBUM € METOJI Iojaui
opraHiyHuX J0OpWB B JaryHy. Metoj moaadi
MOXe OyTH:

e 3arnuOIeHUM — TPYyOOINpPOBiJ, MO SIKOMY
MepeMillyIoTh OpraHiyHi A00puBa, MiaXo-
IUTH 0 JIATYHH IIiJ] 3€MJICIO Ta BUXOJIUTH
yepe3 AHHULIE;

e HamiB3arnuOJIeHUM — TPYOOINpPOBiA MigXO-
IWUTH 10 JIATYHH IIiJ] 3€MJICIO Ta BUXOJIUTH
yepe3 Bepx ado CKpi3b CXUI JaMOu;

® TOBEPXHEBUM — TPYOONPOBiJ MiAXOAUTH 3
MIEBHUM YXWJIOM JI0 TIOBEPXHi AaMOH.
TakoX BaXIMBUM TEXHOJOTIUHUM IIpOLe-

COM € BHBE3CHHS OpPraHIYHHMX BIIXOIIB, MIO

BiOyBa€eThCS Ba pa3u Ha pik. Uepes 6 Mica-

1iB 30epiranHs BiAXOJIB B JIaryHI BiIOyBa€Th-

Csl po3lLIapyBaHHs, Ha MOBEPXHI (POPMYyeThCS

VIIUTGHEHUH 1map, a Oiunsd JHWINA — PiJKHA.

Jlns BuIy4deHHsI Takoi Macu HeoOXinHe 11 me-

peMilryBaHHsS 3a JOMOMOTOIO CIICHiaTbHUX

MikcepiB. Take oOnmagHaHHA MOXE BIUTUBATH

Ha SIKICTb OCHOBM JIaTryHU (MOXJIMBE IOIIKO-

JOKEHHS TiApoi3oydiii OCHOBHM) 1 mMOTpedye

BpaxyBaHHS NpH ii mpoekTyBaHHi. [ 3amo0i-

TaHHS TOUIKO/DKEHb, BUKJIIMKAHUX TBapUHAMH,

10 MOTPANWIHA B JIATyHY, HEOOXITHUNA 3aXHUCT

NepUMeTpy JIaryHH CIELialbHUMHU OropoXKa-

mu. [lo mHUITY JaryHy JTOAAaTKOBO BJIAIITOBY-

I0Th TEXHOJIOTIYHUHI YXWJI 10 BCTaHOBJIEHOTO

CTaliOHApHOTO OOJamHaHHS JUIs OUThII edek-

TUBHOTO BHITy4Y€HHS BiJIXO/IiB.

JomaTkoBuM (hakTOpOM, Ha SKUH HEOOXIiJ-

HO 3BEpPTaTH yBary — T€0CKOJIOTIYHI BHUMOTH
[8]. Amke MOXIMBI aBapii, MpH SIKUX BiAOy-
IYThCSl BUTOKH 3a0pYTHEHUX PEYOBHH y TIPYH-
TOBY OCHOBY IPH IMOIIKOHKEHHI T1APO0i30Isii
THHINA, a00 TPH MEPeTMBaHHI PEUOBHH Yepes
BEpX JIaryHU Ta iX PO3MOBCIOKCHHS Ha TPHU-
Jermiid orouyrouiil Teputopii. OcoOnmBy yBary
HeoOXiAHO 3BepTaTu Ha 1el (akTop MpH BU-
COKOMY pPiBHI I'PYHTOBHX BO/I, SIKHI TOJJTATKOBO
MOXX€ YCKJIJJHUTH NpPOLEC BIAIITYBaHHS Ta
eKCIuTyaTalii yjaryH. Bucora piBHS opraHiu-
HUX PEYOBUH Ma€ OyTH MEHIIEe OOPTIB JaryHu
He MeHuIe Hixk 50 cm.

[Ipun mpoekTyBaHHI Ta BUKOHAaHHI POOIT i3
BJIAIITYBAaHHS JIaTyYH HEOOXiAHO BpaxoOBYBaTH
TUTl TPYHTIB OCHOBH, aJPK€ BOHH I1CTOTHO
BIUIMBAIOTh HA KyT HAXWJIy 3eMJISTHOI JaMOH Ta
HaBaHTaXEHHS, 110 MPUKIAJAIOThCSI HA TOBE-
PXHI yKocy namOu BiJ MIKCEpiB Ta TpaHCIOp-
Ty. JlomatkoBo, IpyHT BUKOMAHUH 13 KOTJIOBa-
HY JIalyHU BapTO BUKOPHCTOBYBATH UIS YTBO-
pEHHS 3aMKHYTOI B IJIaH1 JaMOu. 3arajiomMm KyT
HaXWIy BIJKOCY 3eMIIIHOI 1aMOu Moke OyTH:
JUTSL THIAHUX TPYHTIB — 25° I TIIMHUCTUX —
1o 45° [9].

[30ms11i51 3arMOI€HOT B IPYHTI KOHCTPYKITIi
BUKOHYETHCS 13 BUKOPUCTAHHSAM TI'€OCHHTETH-
yHOro ekpaHy. ExkpaH ckiagaerbcs 13 JBOX
mapiB. OCHOBHE 3aBJaHHS MEPIIOTo (HUKHBO-
ro) Iapy — 3aXHCTUTH 130JIALIHHY MeMOpaHy
BiJ MEXaHIYHMX IOIIKOMKEHb B OCHOBI. [l
LbOTO BHUKOPHCTOBYETHCS 3aXHCHMU IIap i3
HETKaHOTO TOJKOMPOOUBHOIO TEOTEKCTHUIIIO,
KU BUroToBisieTbes 31 100% mominmporninaeHy
31 CTATUYHUM OIOPOM IIPOKOJIIOBAHHIO O1JTbIIe
4xH [9] Ta mOBEepXHEBOI MIUIBHICTIO OlbIe
Hix 300 r/cm’. IToBepXHs IPYHTOBOI OCHOBH,
Ha sKy Oyle BKJIaJaTHCS TEOTeKCTHIIb Mae
OyTH TJIaaKOI0, PIBHOIO, OUMIICHOIO Bif Oyi-
BenbHOTO cMiTTA. [lpu BkiamanHi mae OyTu
3a0e3neyueHa JIOBKUHA MEPeIycKy, SKa CTaHO-
BUTHh He MeHIIe HiX 0,3 M mo mumpuni Ta 0,5-
0,7 m mo nowxwuni [10]. ['eoTexcTrnb BKIama-
I0Th 0€3 HaTATY, XBWJIb, HAKJIAJACHB. 3aKpiIl-
JICHHSI TEOTEKCTUIIIO JI0 OCHOBH BiOYBa€ThCS
3a JIONMOMOTOI0 CHEIlaJbHUX aHKepiB. BoHu
BJIAIITOBYIOTHCS uepe3 KoxkHi 1,5-2 M B maxo-
BOMYy TOpsAnKY. 30epiraHHS T€OTEKCTHIIIO 10
Ta MICIs WOro BKIAJaHHS Mae OyTH 3axwHile-
HUM BiJ yiIbTpadiosieTOBOTO BILIUBY.
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Hpyruii (BepxHiit) map sBisie co00r0 Tiapo-
130J1s111iHY MeMOpaHy. MemMOpaHa BUTOTOBJIS-
€TBCS 13 TIOJIETHJICHY BHCOKOI IIIBHOCTI, B
CKJIaJli SIKOTO MICTUTBCS Ca)Ka, aHTHOKHUCIIIO-
Bayi, CTa0LMi3aTOpW BHCOKOI TEMIIEpaTypu
[11]. ToBmHAa MeMOpaHu Ma€e OyTH HE MEHIIIC
1 MM, a mineHicTh He MeHme 0,9 cm®. Bona
Mae OyTH CTIHKOI JI0 arpeCHBHOTO Cepejio-
Buma (pH 0.5-14) [12], kucnot (cipuaHa, co-
JIsSTHa), aBTOMOOUIBHHMX OJIMB, JYTIB, XPOMY,
KaJilo, KOHAEHCATy MPUPOAHIX rasziB. Tepmin
MPUAATHOCTI TEOMEMOpPaHM Ma€ CTAaHOBUTH
He menure 30 pokiB. MemOpaHa Mae BUTPUMY-
BaTH TEMIIEpAaTypHi 3MiHM B Jiama3oHi BiJ Mi-
Hyc 40°C mo mmoc 50°C, Oytu 06e3medHOI0
IUTSL 3I0OPOB’Sl JIFOJIMHU Ta OTOYYIOYOTO Cepe-
noBuma [12].

3anexHO BiJl BUIYy BUKOPUCTAHHS, FEOMEM-
OpaHM MOJIUISIOTH HA TJaJ]Ki, TEKCTYpOBaHi Ta
npodinsoBani [12].

TexcTypoBaHi — XapaKTepHU3YIOThCS MIOPC-
TKOIO TIOBEPXHEI0, SIKa MOXKe OyTH 3 ofHIeT 2060
3 060x OokiB memOpanu. IllopcTkicTs 3a6€3-
nevye JI0JaTKOBE 3YCIICHHS MEMOpaHW 3 OC-
HOBOIO, TOOTO 3HM)KY€E BIACTUBICTH MEMOpaHU
KOB3aTH 110 OCHOBI. Lle m03BOJIsIE SKICHO BH-
KOPUCTOBYBATH X y SIKOCTI T1JIpOi30JIF0I0YOTO
eKpaHy Ha CXWIaX Ta BiAKOocax 0e3 BUKOpHC-
TaHHS JOAATKOBHUX YTPUMYIOUHX €IIEMEHTIB.

[TpodinsHi MeMOpaHU HaIICHI CHeIliaib-
HUMHU BHCTyIaMH, 10 MalOTh KOHYCOMOIIOHY
dbopmy. Sk mpaBUIO Taki BUCTYIH BJIAIITOBY-
I0TbCS 3 OAHIET CTOpPOHM MeMOpaHH, MpoTe
MOXJIMBI BHUITQJIKM X BIAMITYBaHHSA 3 000X
CTOpiH. Bucora BHCTymiB MOXXe BapiroBaTUCS
Bix 7 mo 20 MM. BukopucTaHHS BHCTYIIIB J0-
3BOJISIE OTPUMATHU: JOJATKOBE 3YCIUICHHS 3
OCHOBOIO, OUIBII PIBHOMIPHUW PO3MOMALIT Ha-
BaHTA)XEHHS II0 BCili KOHTAKTHIN IIIOIN, 3a-
Oesreuye TEIJIOBHM Ta TMOBITPSIHUNA OOMIH
BCEPEINHI KOHCTPYKIi, 3MEHIIy€ BHUTPATH
TPYHTIB ISl BJIAIITYBaHHS JIPEHAXHOI 0OCHII-
ku [14].

['eomemOpana 3’eaHY€TbCS MK CO0OI0 3a
paxyHOK pO3IUIABICHHS TEPMOIUIACTUYHOTO
Marepiajay MijJ BILTMBOM BHCOKOI TeMIIepaTypu
[13]. 3’eqHanHs TeOMEeMOpaHU MOXKIIUBO IIO-
JTITUTH Ha Takl BUIW: 3BapHI, 3aMKOBI Ta TaKl,
110 CKJICIOIOTHCSI.

[Ipu 3’enHaHH] MOXKYTh OYTH BUKOPHCTAHI:

CremiaibHi anapaTty, o A03BOJISIOTH PO3irpi-
TU TUTIBKY MEXaHIYHUM CIOCOOOM (TpU TOTH-
KYy), a MICJs IPUTUCHYTH, YIIUIBHUTU Ta CTBO-
PUTH TOJBIMHMIA 1IOB; NPIT, MaTepiald SKOTrO
Mae OyTH aHAJIOTIYHUN MaTtepiairy, mo 3Bapro-
€ThCsI, BUKOPUCTOBYETHCS JUIS 3BAPIOBAHHS y
BAYKKOJOCTYIHUX Ta CKJIATHUX MICHAX (KyTH);
rapsiue MoBITPs, IO PO3IJIaBise MaTepian. Y
SAKOCTI 00JaiHaHHS BUKOPUCTOBYIOThCS OYy/Ii-
BeJIbHI (DeHM, 3BapIOBaJIbHI aBTOMATH, EKCTPY-
Jepu.

VYci CTHKM BJIAIITOBYIOTHCS 32 HAsIBHOCTI
MEPEeIyCcKy, BETHMYMHA SKOTO Ma€ CTaHOBHTHU
He MeH1e 20 cM.

[Ipu BuKOHaHHI 3BapIOBaHHS 000B’SI3KOBOIO
TEXHOJIOTIYHOIO OTEPaIli€l0 € KOHTPOJIb BUKO-
HaHHS 3BapIOBAIILHUX POOIT, 110 TPOBOAUTHCS
B JIEKUJIbKA CTaJIi: BI3yaJlbHUH OTJIS, 1HCTPY-
MEHTaJbHa TepeBipka. BizyanbHuii ornsa Bu-
KOHYIOTh 3 METOIO BHSIBIICHHS MOJIHMBHUX Ji€-
¢dekTiB (CKIAI0K), KOHTPOJIO OXHOPIAHOCTI
mBiB. /{7 mporo B mporieci 3BaprOBaHHS 3a-
JUINAIOTh  CIEianbHI KOHTPOJBHI KaHAJH.
Uepe3 HUX MOAAIOTH CTUCHYTE TOBITPS i
THUCKOM. 3arajioM BJIAIITYBaHHS IIBIB B KyTax
cropyiu € HebakaHUM. 3BapHi IIBH PEKOMEH-
JY€THCS BIAIITOBYBAaTH CMyT'aMH, MapajeabHo
BIIKOCaM CIIOPYIH.

[HCTpyMEHTaIbHUN KOHTPOJb SKOCTI IIBIB
BUKOHYETBHCS 32 oroMororo [13]:
® BaKyyMy 3 BUKOPHUCTAaHHSM MUJIBHOTO pPO3-

YUHY Ta CHEliaJbHOI HAKJIAIKU AJsl CTBO-

PEHHS TUCKY. 3a HasBHOCTI MUJIBHUX OYJIb-

0alIoK Ha MOBEPXHI IIOB BBAXKAETHCS Hesl-

kicHuM. [lepeBipka BUKOHYETHCS MUISHKA-

MH 3 000B’SI3KOBUM MEPEIyCKOM Ha AiJISH-

Ky, 1110 TepeBipsuIacsa He MEeHILEe 7 CM.
® THCKY — B KaHajl, IO MepeBipSIeThCs Poo-

JATh CIEUIaJbHUI OTBIp, yepe3 sSKUil Ha-

rHiTaeTbcs TUCK. I[licnmst mporo otTBip 3a-

KJICIOIOTh Ta CIIOCTEPITraloTh 3a 3MIHOIO TH-

cky mpoTsiroM 10 xB. SIKIIO THCK 3MEHIITUB-

¢ MeHm HiK Ha 10%, OB BBaXKaeThCs

SKICHO BUKOHAHUM;
® DPO3pUBY, I I[LOTO KOHTPOJIbHY IIJISTHKY

BUPI3aIOTh ISl TMOJANBIIOI TEPEeBIpKH Ha

po3puB. Micie Bupi3y 3aKJICIOIOTh HaKJIa-

KOIO 13 TOTO K MaTepiany.

Sk mpuknaa, HWXKYE, Ha puc. 1 MoOKazaHo
IBl JIaryHH, 10 OyJHM 3alpoeKTOBaHi Ta Io-
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OyznoBaHi aisi 00CIyTOBYBaHHSI CBUHO(EpPMH,
1110 3HaXO/AUThCS B YKpaiHi.

600 = 850,

Puc.1.I'eomMeTpuyHi XapaKTEpUCTHKU TPOEKTOBA-
HOI JIATYHU

Fig.1. Geometric characteristics of the designed
lagoon

[pyHTOBiI yMOBHM MaiilaHuMKa, HA AKOMY Bi-
n0yBayiocst Oy MIBHUIITBO, MPEJCTaBIEH] (3Bep-
Xy-BHH3):

e HacumHi IpyHTH (OyaiBeIbHE CMITTS, CYTIi-
COK, CYTJIMHOK), TOTYXHIcTIO 0,5 M;

® CyIICOK 3eJIeHyBaTO-CipHii, CBITIO-Oypui,
MIIAHUCTHN, TUTACTUYHUN, TIOTYKHICTIO
8 M;

® [COK JpiOHUN, TEMHO-Cipuil, cepeaHbOi
IIUTBHOCTI; MOTYXHicTIO 1.1 M;

® CYIICOK 3€JIEHYBAaTO-CIpHid, TUNITACTHYHHMA, 3
BKJIIOYCHHSIMHU yJaMKiB kpeMmHito 10 30%,
possimanuii 1o rauburu 15 m. IpynToBi
BoaM 3adikcoBaHi HAa rMHOWHI § M, BOHH
HE BIUIMBAIOTh Ha YMOBHU OyJIBHHUIITBA Jia-
TYHH.

["abapuTy KOXHOT 3 JaryH B IJIaHI CKJIaja-
10Tb 66x83 M (puc.l). 'mubuna narynu (puc.2)
IO BiIHOIICHHIO JI0 OTOYYIOUYOi MOBEPXHI CTa-
HOBWJIA OJIM3BKO 5 M, a BIIHOCHO BepXy AamOu
— 6.71 m. Ha nouaTkoBOoMy eTami BJaIITOBY-
BaBCsS KOTJOBaH 13 yKocamMu rpaHed 1:2
(puc. 2, puc. 3,a). Ilo guunry naryHu OyJo
BIIAIITOBAHO HWXHIM IMap 13 TUIIBKH TOBIIU-
HOto 1.5 MM, minpHicTIO 0,94 r/cM®, MakcuMma-
JIBHUM 3HadeHHsAM MinHocti 42 xH/M, 3 BMic-
ToM caxi 2,5% Ta IUPUHOIO PYJIOHY 8 M,
KU BUKOHYBaB (PYHKIIIO MPOTU(IIbTpAILiii-
HOTO €KpaHy Ta MEPEIIKOKAaB MOTPAIISTHHIO
IIKIJJTMBUX PEYOBUH B IPYHTOBY OCHOBY (pHC.
3, b). Ilig mmiBKy mns ii 3aXHCTy BKIAIaBCS
map TEOTCKCTUJII0, TIOBEPXHEBAa IIJIBHICTh
akoro ckiagana 300 r/cm?, a omip MpPoKoo-

BanHI0 4,2 MIla, BomoNpoHMKHIiCcTIO 45 1/M?
cek (puc. 3, c¢). 3’enHaHHs TeoMeMOpaHu Bij-
OyBayiocst 3a JJOITIOMOTOIO CHeIiaJbHOro 00ia-
THaHHS A7 3BaproBaHHs. Kpai reorekctuiro
Ta TEOMEMOpaHU 3aBOAWIMCS B CIEIiaTbHY
TPAHILEIO, BUKOIIAHY MO MEPUMETPY 3EeMIISTHOT
naMOM Ta TMPUCHIIAIUCS TPYHTOM JJIsi yTBO-
PEHHS CHelianbHOro 3eMIISTHOTO 3aMKy. OcTa-
TOYHHMH BWIJISAJ OJHI€l JIATyHW TOKa3aHO Ha
puc. 3, d.

Special ground
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THITY
Fig.2. Base arrangement of the open type lagoon

BHUCHOBKH TA PEKOMEH/IALIIT

PosrnsiHyTO CcrnemianbHy — CUIBCBKOTOCIIO-
JapChKy CIIOpyAy — JIaryHY, II0 BUKOPUCTOBY-
€TbCs Juig 30epiraHHs BiAXOIIB MPOAYKTIB
KUTTEAISUTPHOCTI TBApUH 3 1X TOJABIIOI0
NepepoOKOI0 Ta BUKOPHCTAHHIM B SIKOCTI Op-
TaHIYHUX TOOpUB.

HaBeneno knacuikamito maryH 3a Micle-
3HaXOHKCHHSIM, TJIMOWHOIO, (OpMOIO Ta PO3-
MipaMHy B IUTaHi, XapaKTepoM B3aeMoJii 3 Ha-
BKOJIMIITHIM cepeioBuIieM, Marepiaiom. [lo-
Ka3aHI OCHOBHI TEXHOJIOTIYHI omeparii, M0
BIUTMBAIOTh HAa KOHCTPYKTHBHI €IIEMEHTH Jia-
T'YH IIpH iX ekcruryarariii. IlpuBeaeno ocobmu-
BOCTI BUKOPUCTAHHSI MaTepialliB I BJIAIITY-
BaHHS BOJOHEMPOHUKHOTO €KpaHy M0 3a0e3-
revyye HaAliHy eKCIUTyaTallilo JIaryH 3 ypaxy-
BaHHSAM TeoeKoJoriyHux BuMor. [lokazaHo
MPAaKTUYHE BUKOPUCTAHHS MPHUBEICHOTO MaTe-
piany Ha mpukiani OyaiBHUITBA JBOX JIaryH
sl 3a0e3nedeHHsT (yHKIIOHYBaHHS CBHHO-
¢bepmu B YkpaiHi.
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Puc.3.byniBHUIITBO JTaryH: a) BIAIITYBaHHS KOTJIOBaHY; b) BIAIITYBaHHS 3aXUCHOTO €KPaHy i3 TE€OTEKCTH-
JII0 Ha MPHUPOJIHINA OCHOBI; ¢) BKIIAJAHHS TiAPOI30JIAIiHHOT TeOMEeMOPaHH 10 MiATOTOBICHOMY 3aXHUC-
HOMY €KpaHy i3 reoTekcTumto; d) 3aranbHuil BUrisg 30y JOBaHOI TaryHH.

Fig.3. Lagoons construction: a) pit construction; b) installation of a protective screen made of geotextile on
a natural basis; ¢) laying of a waterproofing geomembrane on a prepared protective screen made of
geotextile; d) general view of the constructed lagoon.
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Features of the arrangement of lagoons for ag-
ricultural purposes

Oleg Malyshev,
Andrii Rashchenko,
Tetiana Dyptan,
Yaroslav Senchyshyn

Summary. At present, in large cities, cities -
millionaires, there is a tendency to build a large
volume of residential multi-storey buildings enter-
tainment complexes on undeveloped, free from
construction areas of urban territory To meet the
food needs of the population, it becomes necessary
to create large livestock complexes. Ukraine, hav-
ing a significant natural resource, has created con-
ditions for the arrival of large international inves-
tors. That’s why in recent years, there is a renewal
of material and technical agricultural base, which
contributes to the revival of almost abandoned in
the 90s, one of the main activities and specializa-
tion of our country - agriculture, which allows to
assure the needs of the population and industry of
our and neighboring countries with quality organic
products and materials. In such conditions, mod-
ernization, renewal, re-equipment of not only out-
dated, inefficient equipment, but also production
processes, and as a consequence of buildings,
structures, complexes. This leads to the emergence
of new engineering objects, classification, features
of construction, design and operation of which
need to be studied, covered in the literature, taken
into account at different stages of their operation.

"Lagoons" is one of such objects. This publica-
tion presents the main definition of a special agri-
cultural building - lagoon, presents their classifica-
tion by various parameters: location, depth, shape
and size in plan, in terms of interaction with the
environment, by material. The main technological
processes influencing the design, construction and
operation of lagoons are given. The basic require-
ments to materials (geotextiles, geomembrane),
and also the basic requirements to their storage,
use and the device at creation of waterproof
screens at construction of lagoons are reflected.

Key words. Earth dam, natural slope, pit, agri-
culture, lagoon, shelter, storage, geoecology, envi-
ronment, waterproofing, waterproof screen, geo-
textile, geomembrane.
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B napaMerpiB miANIPpHUX CTIH Ta HACHIIHUX I'PYHTIB HA CTIHKICTH CXUJIIB
NPU HOBOMY OyIIBHMUTBI KUTJOBHX KOMILIEKCIB
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AHoTanist. JlocmmKeHo CTIHKICTh CXIITY Y ic-
HYIOUOMY 1 IIPOEKTHOMY MOJIOXKEHHIX, 00IpyHTO-
BaHO KOHCTPYKTHBHI pillleHHA MiAMNIPHUX CTiH IO
3aXHCTy TEPUTOPii OYMiBHUIITBA >KUTIOBOTO KOM-
IJIEKCY B 30HI CXHWJTy. Takok JOJATKOBO OITiIHEHO
CTIMKICTh CXMITy TP BUKOPHCTaHHI paIliOHATbHUX
MPOTU3CYBHHX CIIOPY.

[Ipoanani3oBaHO pe3yNbTaTH PO3PAaXyHKY CTik-
KOCTI CXWJIY JJIS IT SITH XapaKTepHUX IepepisiB Ha
OCHOBI 1H)KEHEPHO-TEOJIOTIYHUX BUINYKYBaHb. J{is
KOXKHOTO 3 HaBEJCHUX TIepepi3iB CTBOPEHO CKiHYe-
HO-EJIEMEHTHY PO3PaxyHKOBY CXEMy Y BiAIOBil-
HOCTI JT0 OCTaHHIX IaHWX PO 3MiHy penbedy. Tak
SK CXWJI YTBOPCHHMH IITYYHO IIISIXOM 3aCHIIaHHS
iCHYI04OTO sIpy OyIiBeJILHUM CMITTSIM BiJl 3HECEH-
Hsl cTapux OYIMHKIB Ta BiJl PO3KOIKU KOTJIOBaHIB
ITiJT TIepIri OyAMHKA KOMITIEKCY. Po3ristHyTO I1° ITHh
IepepiziB B3IOBXK CXMITy Ta BUZHAYEHO HOTO CTiii-
KiCTh B IPUPOAHBOMY (iICHYIOUOMY) CTaHi Ta mpoe-
KTHOMY NOJOXeHHX. Takox oOIpyHTOBaHO KOHC-
TPYKTHBHI DIIIEHHS MiAMIPHUX CTIH MO 3aXHCTy
TepuTOpii OYMIBHHUIITBA KHUTIOBOTO KOMILICKCY,
TaK SK B3JI0BXK CXWJIy MPUCYTHI Pi3HI HACHUIIHI IPY-
HTOBI YMOBH 3 pi3HUM mepenanom Bucot. Lle Bu-
Marae OKpeMoro Mixojy A0 BHOOpY mapamerpiB
MiIIIpHUX CTiH, a caMe radapuTiB Majdh Ta iX B3ae-
MHE PO3MIIIEHHS, a TaKoX OOIPYHTOBaHO BHUOIp
KyTa HaXWJIy HACHITHOTO TPYHTY B3JIOBXK CXHITY.

Po3paxyHKH MpoBelieH] 3a JOTOMOTOI0 YHCIIO-
BOTO MOJEJIOBAHHS HaIpy>KEHO-Ie(OPMOBAHOTO
CTaHy CHUCTEMH «TIPYHTH CXWUIY-IiAIMpHA CTiHA» 3
BUKOPUCTAHHSIM METOAY CKiHYEHHHX €JIEMEHTIB.
[puiiasaTa TpYXHO-TUIACTUYHA MOJENb JaedhopMy-
BaHHSI TPYHTIB i3 3MiHOIO TIapaMeTpiB IPyHTIB (Mo-
nynst neopmartii) B 3aJIeXKHOCTI Bii piBHS Harpy-

Jroamuina Ckouko
JOLEHT Kadenpu
FeOTEXHIKH

K.T.H.

Bikrop Hocenxo
JIOLICHT KadeapH
| TEOTEeXHIKU
K.T.H., JIOLI.

Bacuas Hignyuskuii
JOLEHT Kadenpu
TEOTeXHIKH

K.T.H., JIOII.

Ounexcanap I'aBpuirok
acHCTEeHT Kadenpu
TEOTEXHIKH

e

>

JKeHb y IpyHTi. Bukopucrana momens Hardening
soil model (HSM). Po3paxyHku cCTiHKOCTI CXUITy
repen0avaroTh BpaxyBaHHS TEXHOJOTIYHOI MOCHi-
JIOBHOCT1 3BEICHHS IMiAIIPHUX CTIH Ta MOJEIOo-
BaHHS IOETAIHOI pO3POOKU KOTIOBaHY. Mojeito-
BaHHA BUKOHYBAJIOCH B JEKibKa eramiB: 1 eram —
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BU3HAUCHHS HANPY>KEHb BiJ BIACHOT BallM, 2 eTarl
— OITiHKA CTIMKOCTI CXWIY A0 MOYaTKy OYIIiBHHIIT-
Ba, 3 eTam — BJIANITYBaHHS Malb MiAMPHOI CTiHH,
4 eramn — OI[iHKA CTIMKOCTI CXMJIy MICJIsI TPOBEICH-
Hsl IPOTU3CYBHUX 3axofiB. Ha ocHOBI naHmx moc-
JipKeHb 0yJI0 po3po0JIEHO MPAaKTUYHI pEKOMEH/1a-
Iii 0 KOHCTPYIOBAaHHIO KOKHOI JUISTHKH ITi I pHOT
CTIHM BiJIMIOBITHO JT0 XapaKTEPHHX TEePePi3iB.

KaouoBi ciaoBa. miamipHa cTiHa, JgiameTp
najib, CTIHKICTh CXWIIB, CKJIAIHI TPYHTOBI YMOBH,
qHCeNbHE MOJICIIOBAHHS, MOJENb IPYHTOBOTO Ce-
penoBHIIa.

ITOCTAHOBKA ITPOBJIEMU

B cyuyacHux ymoBax uisi 3a0€31eUeHHs KO-
MQOPTHUX yMOB TMPOKUBAHHS JIIOJCH aenani
HaOyBae MOIIMPEHHS 3BEJICHHS HOBOTO Oy/IiB-
HUITBA BEIUKUX >KUTJIOBUX KOMIUIEKCIB 13
PO3BHHEHOIO BIIACHOIO 1H(PACTPYKTYPOIO, SIKi
PO3TaIIOBYIOTh SIK 11032 MEXKaMHU MicTa Ha HO-
r'0 OKOJIMIIAX, TAaK 1 B MEXKaxX MICTa, MPU IbOMY
3BOJSIYM OYyiBJI B IIUIBHIN MICBKiH 3a0y/10BI.
ATie, Tak SIK B MeXax MICTa JTIJISTHOK IS 3a0y-
JIOBU TIPAKTUYHO HE 3AIHIIIIOCS, TOMY JOBO-
JUTHCSI OCBOIOBATH 3€MJIi, SIKI paHiIllIe BBa)ka-
JHMcS HE TPUAATHUMH i OymiBHMITBA. Ha
00’€KTi, IO JOCITIKYEThCS, 3aIJIAHOBAHO
3BEJICHHSI OUTBIIE JIECSATH 0araTOmoBEPXOBHX
OyIMHKIB, OCTaHHI 3 SKHX pPO3TallOBaHi Ha
BepxiBui cxminy (Puc. 1) B ckimamHux rpyHTO-
BHX YMOBaX, JIc HCOOXITHO BpaxoByBaTu Oara-
TO YHMHHUKIB TPHU BU3HAYCHHI HAIPYXKECHO-
nedopmoBanoro crany (HJIC) ocHoBH, Ha
AKiit OynyTh 3BeseHi OyaiBii Ta cnopyau. [Ipu
[IOMY HEOOXiTHO 3a0€3MEUYUTH CTIUKICTh CXH-
Jy HaBKOJO JKUTJIOBOIO KOMILIEKCY. Takox
CJIiJ 3BEPHYTH yBary Ha Te, 110 CXWJI yTBOpPE-
HUHM IITYYHO NUISIXOM 3aCHUIIAHHS iCHYIOYOTO
apy OyaiBeIbHUM CMITTSIM BiJl 3HECEHHS CTa-
pux OyIMHKIB Ta BiJl PO3KONKH KOTJIOBAHIB i1
nepuri OyauHKH Komruiekcy. Tomy Oyiio posr-
JSIHYTO IUSITh MEpepi3iB B3IOBXK CXUIY Ta BH-
3HAYEHO WOTO CTIHKICTh B MPUPOAHBOMY (ic-
HYIOUOMY) CTaHi Ta MPOESKTHOMY TIOJIOXKCHHSX.
Takox HE0OXi1THO OOTPYHTYBAaTH KOHCTPYKTHU-
BHI PIlICHHS MiAMIPHUX CTIH MO 3aXHUCTy TEPU-
Topii OYIIBHUIITBA >KUTIOBOTO KOMILIEKCY,
TaK SIK B3JOBX CXUJIY MPHUCYTHI pi3HI HACHITHI
IPYHTOBI YMOBH 3 DPi3HHM IEPENajioM BHUCOT.
Ile BuMarae OKpeMmOro MiIXOAy IO BHOOPY

napaMeTpiB MiAMIPHAX CTiH, a came rabapuTiB
naJb Ta iX B3a€MHE PO3MIIICHHSI.
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Puc.1. 3aranbHuii Burnsa OyIiBEeIbHOTO Maiina-
HYMKA Ta pO3TAIIyBaHHS XapaKTEPHUX
Tepepi3iB B3AOBK CXUITY.

Fig.1. General view of the construction site and

location of characteristic cross-sections
along the slope.

Po3paxyHku mpoBeieHi 3a T0IOMOTOI0 Yu-
CJIOBOTO MOJIETIIOBaHHS HaTpyXeHO-
ne(OpPMOBAHOTO CTaHy CUCTEMHU «IPYHTU CXH-
JTy-TiANipHA CTiHAa» 3 BUKOPHCTAHHIM METOY
CKIHUCHHHMX eJieMeHTiB. [lpuitHsita Momens
nehopMyBaHHS TPYHTIB — IPY)KHO-TUIACTUYHE
nedhopMyBaHHS IPYHTIB 31 3MIHOIO TTapaMeTpPiB
IpyHTIB (Momyns nedopmailii) B 3aleKHOCTI
BiJl PiBHS HAIpyXXEHb y IpyHTI. Bukopucrana
mozaens Hardening soil model (HSM). Ilpu
MPOBEICHHI YHCJIOBOTO MOJICNIOBaHHS HEOO-
X1JTHO KOPEKTHO OOMpaTH mapameTpu IPyHTIB,
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SKI BUKOPHCTOBYIOTBCSL y 0OpaHiii Monenmi Je-
(opMyBaHHS, BUKOPUCTOBYIOUH JIaH1 1H)KEHE-
PHO-TEOJIOTIYHMX BHUIIYKYBaHb, YaCTO SKHUX €
HEJIOCTaTHBO Y JaHUX 3BiTaX.

AHAJII3 ITOITEPEJHIX JOCJII’KEHD

PobGotu GaraTh0X HayKOBIIB — I'€OTEXHIKIB
MOKa3yIOTh PIBEHb CKJIATHOCTI Ta aKTyaJIbHOC-
TI TNUTaHb, IOB’SI3aHUX 13 BUKOPUCTAHHSAM
CKJIQJTHUX JUISHOK 1Jisi OyJiBHUIITBA Oarato-
MOBEPXOBUX OyHiBENb 13 BUKOPHUCTAHHSIM OTO-
POJDKEHHST TEPUTOPii 3aXUCHUMH CIIOPYIaMH,
HampuKiIag miampHuX CcTiH. OcoOnMMBOCTIM
MPOEKTYBAaHHSI Ta EKCIIEPUMEHTAIHHOTO JOC-
JKEHHST pOOOTH 3aXHUCHUX CIIOPYI, & TAKOK
BHOOPY MOZETEH IPyHTOBOTO CEpEIOBUINA Ta
iX mapaMeTpiB NPUCBAYECHO OaraTo mpaipb Ireo-
TexHikiB [1-8].

B po6otax boiika L.I1., Ckxouko JI.O. [1-2]
pO3MIISIHYTa TpoOJIeMaTHKa BIIAIITYBaHHSA Oa-
raTosIpyCHUX HiAMIPHUX CTIH y CKIATHHUX Ipy-
HTOBHX YMOBAaX 3 Pi3HHM II€PENajoM BHCOT Ta
NPUBEICHO BUOIp BHUCOT SIPYCIB MiAMIPHUX
CTIH B 3QJIGKHOCTI Bif penbedy. ABTOpH BiJl-
MIYaroTh, 0 HAMEHIII 3HAYCHHSI TOPU30HTA-
JBHUX TEPEMIIEHb I PI3HUX BapiaHTIB PO3-
TallyBaHHS YTPUMYIOUUX KOHCTPYKII BHHH-
KaloTh y WIAMIPHINA CTIHI HUXKHBOTO SIPYCY;
HaAOIbIII TMEepeMillleHHs OTPUMY€E BEpXHs
MIiJITipHA CTiHA, ajieé B 3aJIEKHOCTI Bij MMPOCTO-
POBOTO TMOJIOKEHHSI MAaKCHUMallbHI 3HAYCHHS
(IKCYIOTBCSA 1 711 CEPEIHBOI MIAMIPHOT CTIHU.

VY poborax [3, 5, 7, 8] po3rasHyTI NMUTAHHS,
SIK1 TIOB’sI3aH1 3 CITIBBITHOIICHHIM HAMpPyXeHb
1 nedopmarmii y rpyHTax mpu HeNiHIAHIN iX
pOoOOTI 13 BUKOPUCTAHHSAM DPI3HUX HETIHIHHUX
Mojienel 1eopMyBaHHSI TPYHTOBOTO CEpEJIo-
BUIIA.

META POBOTU

BusHaunTH CTIHKICTh CXWITY Y ICHYIOUOMY 1
MMPOCKTHOMY TIOJIOKEHHSIX 1 OOIPYyHTyBaTH
KOHCTPYKTHBHI PIIlIEHHS MiANIPHUX CTIH IO
3aXUCTy TepuTopii OYyIIBHUIITBA >KUTIOBOTO
KOMIUIEKCY B 30HI cxXmiry. Takox /101aTKOBO
OLIHUTH CTIMKICTh CXWJIy NPH BUKOPUCTAHHI
panioHaTbHUX MPOTU3CYBHUX CIIOPY/I.

OCHOBHE JOCJIKEHHS

JlocmiIKeHO pe3ysIbTaTH PO3paxyHKy CTiHd-
KOCTI1 CXWJTY JUIS I’ SITH XapaKTEepHUX Mepepi3iB
Ha OCHOBI 1HXEHEPHO-TCOJIOTIYHUX BHIIYKY-
BaHb (Puc. 1). JIns K0XKHOTO 3 HaBeIEHUX TIie-
pepi3iB CTBOPEHO CKIHUEHO-EJIEMEHTHY po3pa-
XYHKOBY CXEMYy Yy BIJIOBIJHOCTI J0 OCTaHHIX
JTaHWUX PO 3MiHY penbedy, TakK sIK CXHII YacT-
KOBO YTBOPEHUH IMITYYHO MUISXOM CKHJIAHHS
TPYHTY, SIKHi OyJIO BUWHATO 3 KOTJIOBAHIB ITiJ
HOBe OyHIBHUIITBO. ToMy Ml pO3paxyHKY
Oyna BUKOpPHCTaHA YTOYHEHAa Te0JIe3MYHa
310OMKa.

B Tab6n. 1 mpeacraBieHO OCHOBHI (i3HKO-
MEXaHIYHI XapaKTePUCTUKH IPYHTIB OCHOBH Ta
iX moBHE HaiiMeHyBaHHs. HamapyBaHHs TpyH-
TIB TIOKa3aHO BIAMOBIIHUX PO3PAXYHKOBHX
nepepizax (Puc. 2-6).

Jinsuka 3a0y10BH BiTHOCUTBCA 10 «3CYBO-
HeOe3MeYHo», TaK K 3CyBHI aedopmarii Mo-
KYTb aKTUBI3YBAaTUCS MPU BIUIMBI HETaTUBHUX
MPUPOTHUX a00 TeXHOTeHHHMX (akTopiB. Po3-
paxyHKH CTIHKOCTI CXHJIy 1 YKOCIB BUKOHAHO
3TiTHO JiI0YMX HOPMATHUBHUX JOKYMEHTIB [9,
10].

Jlsisi 9ucIOBUX PO3pPaxyHKIB BHUKOPHCTAHO
mozaenb Hardening soil model (HSM) — e
BJIOCKOHaleHa wmojaenb Kynona-Mopa s
MOJIETTIOBAHHS B3aEMOJIiT M1 PI3HUMH TUIIAMU
rpyHTiB [8]. Ilig Aiero mepBUHHOTO JeBiaToOp-
HOTO HAaBaHTAXXEHHS CIIOCTEPIraeThCsl 3HU-
KEHHSI KOPCTKOCTiI 1 OJIHOYAaCHO BHHHKAIOTH
HE3BOPOTHI muiacTuuHi nedopmarii. Y Bumasu-
Ky TpPbOXOCHHX JPEHOBAHHUX BHUIPOOYBaHb
3aNeXKHICTh MK OCHOBUMH AedopMaliisiMu 1
JIeBIaTOpOM HaIpy>XeHb MOXXe OyTH anmpoKCH-
MOBaHa 3a JOMOMOTOr0 rinepoomu. L 3amex-
HicTh Brepiie Oyna chopmynboBana Koiine-
pom [5] 1 3rogoM BUKOpHCTaHa B TinmepOoi-
Hilt moneni [lynkana-Uanra [3]. Ha croromHi-
ITHIN JeHb MOJAEIH 31 3MIHHUMU J1e(hopMaTHB-
HUMHU XapaKTEepPUCTUKAMH pealli3oBaHa B TIO-
NIMPEHUX PO3PaxXyHKOBUX KoMIuiekcax. [lo-
TepIe, Teopis IUIACTUYHOCTI Kpalle OIHCYE
MOBEIIHKY TPYHTIB HDK mpyxHa Teopis. [lo-
Jpyre — JaHa MOJENb BKJIIOYA€ IUIATaHCIIO 1
MO-TPETE TMOBEPXHSI TEKYYOCTI Ma€ MIATPOBY

dopmy.
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UwucnoBi po3paxyHKH MiAMIPHUX CTiH, SKI
BUKOHYIOTHCSI 3 BUKOPHCTAaHHIM METOMIY CKiH-
YEHHUX €JIEMEHTIB Mepe0avyaroTh BpaxyBaHHs
TEXHOJIOTYHOI HOCIIJOBHOCTI 3BEICHHS MiJI-
MIpPHUX CTiH Ta MOJETIOBAHHS IMOETAIHOI Po3-
poOKM KOTIOBaHy. MoOjeTIOBaHHS BHUKOHYBa-
JIOCh B JIEKibKa eTamiB: 1 eranm — BU3HAYCHHS
Hanpy>KeHb BiJl BIACHOI BaJii, 2 €Tall — OIliHKa
CTIMKOCTI CXWJIy N0 TIOYaTKy OymiBHUIITBA, 3
eTan — BJAIITyBaHHS Mallb MiAMIPHOI CTiHU, 4
eTarn — OI[iHKa CTIKOCTI CXWIIy MICIis MpOBe-
JICHHS IPOTU3CYBHUX 3aXO/IiB.

JJ1s1 KOYKHOTO pO3paxyHKOBOTO Tepepizy 3a
JOIIOMOTOI0  YMCIIOBOTO MOJICITIOBAHHS OYyII0
CKJaeHo po3paxyHkoBi cxemu (Puc. 2-6);
BUKOHAHO OLIHKY CTIHKOCTI CXWIY JI0 MTOYaTKy
poOiT Ta micas miuaHyBaHHS TpyHTY (Puc. 7);
BHU3HAYCHO 3TMHAIbHI MOMEHTH B HalsAX Mif-
MipHOT CTIHM Ta TOPU3OHTANIBHI MEPEMIlICHHS
MiamipHoi  CTIHM 3 OypoOHAaOMBHUX  Tajb

(Puc. 8). Ha ocHOBiI maHuMx nociikeHb Oyio
pO3pO0OJIEHO TPAKTUYHI PEKOMEHIAIi 10
KOHCTPYIOBAaHHIO KOHOI JIJITHKH ITAMPHOT
CTIHM BIJNOBIHO O XapaKTEpHUX Mepepi3iB
(Puc. 9).

Po3spaxynkosuii nepepiz I1-1.

Po3paxyHKOBI cxemMH CTBOpEHI B Iporpami
Plaxis. Po3mipu CkiH4Y€HO-€IEeMEHTHOT MOJENi
— 37,5x80,0 M. Ha eram po3paxyHKiB KyT
ykocy cknagae 32°. Jlnst 3abe3nmeueHHs CTiid-
KOCT1 YKOCY iTepaliifHIM MEeTOAOM MiliOpaHo
KyT IUIAaHYBaHHS HACHUITHOTO TIPYHTY, SIKUH
cknanae 21°. ITo cnmanoBaHOMY I'DYHTY BIalll-
TYBaTH TEOPEUIIKYy Ta BHCAJAUTH DPOCIHHU 3
MOTYXHOIO KOPEHEBOIO CHCTEMOIO.

Jns 3a0e3nedyeHHs NPOEKTHHX MO3HAYOK
BJIAILTOBAHA MiAMIPHA CTIHKA «CaI0KKOBOTO»
tuny. [lepenazn Bucot cknanae — 2m (Puc. 2).

Tab6mn. 1. [Toka3zHukH (Hi3MKO-MEXaHIYHAX BIACTUBOCTEH IPYHTIB Oy IiBEIEHOTO MaiJaHINKa
Table 1. Indicators of physical and mechanical properties of the soils of the site
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q=20 xH/m?

. . TTifmipHa CTIHA «CAIOXKKOBOI0» THITY
177.5
JIiHis MIaHyBaHHS [PYH
(N AN AVAVAVAAVAVANVAVZLVALY 175.5 Y IpyHTY
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Puc.2. Po3paxynkoBa cxema ais nepepizy 1-1.
Fig.2. Calculation scheme for section 1-1.

Bbynunok b-5

q=360 xH/m? q=20 xH/m?
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Puc.3. Po3paxyHkoBa cxema aius nepepizy 2-2.
Fig.3. Calculation scheme for section 2-2.

3a pe3yabTaTaMH YHCIOBOTO MOJICITFOBAaHHS
koedimient  criiikocti  cxwny  Kem=1,377
>].25, cTilikicTh cxuity 3a0e3mneueHa.

Po3spaxynkosuii nepepiz 2-2.

Po3mipu CkiHYEHO-EIEeMEHTHOT Mojem —
36,0x80,0 M. Ha erarmi po3paxyHKiB KyT YKOCY

S

o
4@“’4&#‘
gmm,-,, g

Z

WZAvAY
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Jlinis naHyBaHHA IPYHTY

IlinnipHa cTiHa 3 6ypoHAOHBHHX Maib
miam. 620 MM, kpoxom 1500Mm

AV Ay = TMauni Gynuuky pomxkunow 16 M
| i’%“"g{éﬂ,“"‘w Jiam. 620 MM, KpokoM 2 M
AT AV g
VAVAv.y VAVLY, \ 5

crmamae 36°. ITepamniitaum MeTo0M TiAiIOpaHO
KyT IUTaHYBaHHS TIPYHTY JUId 3a0e3NedeHHs
cTilikocTi ykocy, skuii cranosuTs 20°.

s 3a0e3nedeHHs MPOEKTHUX MO3HAYOK
BJIAIITOBAHA MiAMipHA CTIHKA 3 OypOHAOMBHUX
nasb. JKOPCTKICTh CKIHYEHOTO €JIEMEHTY Hallb
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MIPUBEJICHA IS PSTy TaTb JiaMeTpoM 620 MM, Po3spaxynkosuii nepepiz 3-3.

AKi posramoBaHi 3 kpokoMm 1,5M. [loBxkuHa Po3mipu CKiHYEHO-€IE€MEHTHOI MOJeNi —

nanb ckinagae 15 m. [lepenag Bucot — 2,5 M. 33,0x85,5 m. Ha erami po3paxyHKiB KyT YKOCY
CkiHUEHO-eJIeMEHTHA CXeMa BKJIIoYae (yH- cknazae 31°. Itepaniiinum MeTo10M HifibpaHO

JaMEeHT OyIMHKY 1 HaBaHTa)XEHHS BiJ HoOro KyT IUIaHyBaHHS IPYHTY JUIsl 3a0e3ledeHHs

Bard. [lani OyauHKy DOBXUHOIO 16 M, miamer- crifikocTi ykocy, skuii cranoButh 21°, mo

pom 620 mm. HaBanTtakeHHs Bixm OynuHKY SIKOMY HEOOXITHO BJIAIITYBAaTH I'€OPEUIITKY.

cknanae 360xH/mM? (Puc. 3). 3a pesyabTaramu
YUCJIOBOTO MOJICIIOBAHHS KOE(DIMIEHT CTIHKO-
cti cxuny Kem=1,464 >1.25, CTIHKICTb CXUITY
3a0e3neucHa.

ITani IIC nosxunom 20 M
Bymunox B-5 miaM. 620 MM, KpoK 2 M, BiICTaHb

MUK psaamMu mans 1,5 M
q=3 60 xH/m? q=20 kH/m2 177,5

Z Bl JliHis IIaHYBAHHA IPYHTY

33,0
%
e

4a

7 VAN
— : 2a

p 2a Zz 2 /
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> .‘\'/37\[ TSN AW T

86
VAV AVAVAVAVAVAVAVAR
85,5
Puc.4. Po3paxyHkoBa cxema ajis nepepizy 3-3.
Fig.4. Calculation scheme for section 3-3.
_ > Mexa JUISHKH [Tani SynuHKy moBxHHOK 16 M
Bynunox b-6 9720 KH/m niam. 620 MM, KpokoM 2 M
q=360 xH/™* 105w 0 -
I | 178,0 Jlinis mIaHyBaHHEI TPYHTY
=] 4a
& 46
26
5” A W,
st 1\ \DOOK K
) X1/\ v
A4

101,0

Puc.5. Po3paxynkoBa cxema ais nepepizy 4-4.
Fig.5. Calculation scheme for section 4-4.
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q=50 xH/2 20l

TTauni TIC posxubo 20 M
miam. 620 MM, Kpok 2 M, BIICTaHb

Mk pagamMpmams 1,5 M

43,5

Puc.6. Po3paxyHkoBa cxema Ijis mepepizy 5-5.
Fig.6. Calculation scheme for section 5-5.

i
0.000
0.000
0.06525€-3
0.000

Puc.7. Ominka cTIHKOCTI CXWITY IS TIepepizy S5-5 micis IIaHyBaHHS TPYHTY .
Fig.7. Estimation of slope stability for section 5-5 after soil planning.

Jlns 3a0e3neyeHHs] MPOEKTHUX TO3HAYOK
BIIAIITOBAHA MiMIpHA CTiHKA 3 OypOHAOMBHHX
nanb giamerpom 620 MM, SKi po3TallioBaHi 3
KpokoM 2 M. JloBxkuHa mnanb ckiazgae 20 M.
[epenax Bucot ckiagae — 3 M. Ilami posramio-
BaHI B 2 psaad B IIAXOBOMY TMOPSAKY 1
00’eHaHI pocTBEpKOM. SIK BiJOMO, Taka KOH-
CTPYKIIiS TpAaILOe SK pama, IO IMiIBUIILYE il
xopcTkicTh (Puc. 4). 3a pesynbraraMu 4ucio-
BOTO MOJICNTIOBAHHS KOEQIIiEHT CTIHKOCTI
cxuny Kem=1,301 > 1.25. Cxun criiikuii. Ma-
KCUMaJIbHI TepEMIIIEHHsT BEpXY Majb CKJaja-
0Tb 17 MMm.

Po3spaxynkosuii nepepiz 4-4.

Po3mipu ckiHYEHO-€IeMEHTHOI Mojem —
38,0x101,0 M. Ha etami po3paxyHKiB KyT MpH-
poanboro ykocy cknagae 35°. B pesynbraTi
PO3PaxyHKIB MPUPOIHIN CXHUJ € HE CTIHKHM.
Tomy, myst 3a0€3MeUeHHs CTIMKOCTI YKOCY Ha-
CUITHOTO TPYHTY HEOOXIHO JIMIIIE CIUIaHyBaTH
ykic mig kyrom 23°. 3a pesyabTatamu 4mcio-
BOTO MOJICNIIOBaHHS KOEQIIieHT CTIHKOCTI
cxuny Kem=1,34 > 1.25. Cxun CTidKui
(Puc. 5).

Po3spaxynxoeuti nepepis 5-5.

Po3mipu ckiHYEHO-€IeMEHTHOI Mojem —
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43,5x128,0 M. Ha erari po3paxyHKiB KyT YKO-
cy cknanae 28°. Jlng 3abesmneueHHs CTilKOCTi
YKOCY ITepaliiiHiM METOJO0M TigiOpaHo KyT
IUIaHyBaHHs IPYHTY, Kuii craHoBuTh 23°.

s 3a0e3nedyeHHs NPOEKTHUX MO3HAYOK
BJIAILTOBAHA MiAMIpHA CTIHKA 3 OypOHAOMBHHUX
nayb. JKOPCTKICTh CKIHYEHOTO €JIEMEHTY Hallb
MpUBEICHA JUTSl ALY Majib AiaMeTpoM 620 mm,

50 Mmm

reopemiTKa

AKi posTamoBaHi 3 KpokoM 2 M. JloBxuHa
nane ckiagae 20 m. Ilepenan BUCOT ckiagae —
5,5 m. Tlam po3ramoBaHi B 2 psiau B IIaXOBO-
My mopsiaKy 1 00’enHaHi poctBepkoM (Puc. 6).

3a pe3yJibTaTaMu YMCIOBOTO MOJICIIOBAHHS
Koedimient criikocti cxuny Kem=1,306 >
1.25. B TakoMy BHITaJKy CXHJI € CTIHKHM.

103w
52.00

48.00
.00

0,00

Puc.8. ['opuzoHTaNBHI IEpEeMIlIeHHs AMPHOI CTiHN 3 O0ypOHAOMBHUX NaJIb IJIs TIepepi3y S5-5.
Fig.8. Horizontal movements of a retaining wall from bored piles for section 5-5.
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Puc.9. KonctpykTrBHI 3ax0au AJs 301IBIICHAS CTIHKOCTI yKOCa IJIs AUITHKA B MEXax mepepizy 5-5.
Fig.9. Constructive measures to increase the stability of the slope for the site within the section 5-5.
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Takum 4MHOM, 3a pe3yJbTaTaMHu IPOBEIE-
HUX PO3paxyHKIiB OTpUMaHO 4 TUTIOBUX KOHC-
TPYKTHBHUX PIilIeHHS Uil IAThOX (hparmeH-
TiB B M€XaX TUISHKA OyIiIBHUIITBA KUTIOBOTO
KOMILIEKCY, 10 MeXye 13 cxmoM. [To noBxu-
HI TpaHUIIl AUITHKKA 0OpaHi parioHaJIbHI KOHC-
TPYKTHUBHI pIillICHHS, 10 3a0€3Me4y0Th CTiii-
KICTh CXHWJIy 3 BPaxyBaHHSIM €KCIUTyaTaliiHUX
HaBaHTAXEHb BiJ pyXy TPaHCIOPTY Ta 3 Bpa-
XyBaHHSIM TIPOEKTHUX TMO3HAYOK penbedy.
KoedirmienT cTIMKOCTI CXWIy HIJis BCiX KOHC-
TPYKTUBHHX DIllIeHb OiMbIINNA 32 HOPMaTUBHE
3Ha4YeHHs1 KoedilieHty criiikocti 1,25 y Big-
MOBITHOCTI 10 BUMoOT HOpM [9, 10]. Po3pobiie-
Hi pallioHaJIbHI KOHCTPYKTHUBHI PIIIEHHS ITiJI-
MipHUX CTiH Ta ONTHMAaJbHE IUIAHYBaHHS Te-
puTopii Oy0 BOPOBAKEHO y MPAKTHUKY Oy/Ii-
BHUITBA. [Ipy nboMy JOBXKHMHA Tk MiAMip-
HUX CTiH oOupanacs TaKUM YHHOM, 100 mepe-
THHATH TIOBEPXHIO KOB3aHHS, sIKa (POPMYETHCS
JUIE TPYHTOBOTO MacHMBY 3 HPOECKTHHMH I103-
HAYKaMH Ta HAaBAaHTAKCHHSM.

BHUCHOBKU TA PEKOMEH/IALIIT

[TokasaHo, 1Mo iCHYIOYi aHATITUIHI METOIN
PO3paxyHKy 3ariuOJIeHUX CHOPYJ BUKOPUCTO-
BYIOTBHCS TUTBKU JAJISl IONEPEHIX MPEINPOCKT-
HUX pillleHb 1 HE MOXYTb OyTHM BUKOpPHUCTaHI
JUIsL KOHCTPYKIIiH, 110 MOTpeOyIoTh BpaxyBaH-
HS CKJIAJTHUX T1IPOTEOIOTIYHUX YMOB.

[TpuiiHaTa TpyKHO-TUTACTUYHA MOJENb Jie-
(bopMyBaHHS IPYHTIB 31 3MiHOIO 1X TapaMeTpiB
(Momynst nedopmariii) B 3aJIKHOCTI BiJl PiBHS
HanpyxeHb y IpyHTi (Hardening soil model)
JI03BOJISI€ BUSBISATH 30HU MaKCUMATbHHUX 3Ha-
YeHb 3TUHAIBHUX MOMEHTIB (Mmax) Ta TEpE-
MILIEHb (Umax) TIpU hopmyBanHi HJIC B3aemo-
Iil yTPUMYIOUHX CIOPYJ 3 IPYHTOBHM MAacCH-
BoM. lle mae 3Mory po3poOnsTu paifioHajabHI
pilleHHs WiAMIpHUX CTiH, [0 3ale3medye
CTIMKICTh CXHITY.

HaBezneHo, 1o npu npoekTyBaHHI KOMILIe-
KCy 3ax0JIiB Jjs cTabimizamii TepuTopii MeTo-
JIMKa, 10 BHUKOPHCTaHA, JI03BOJISIE OOIPYHTY-
BaTH TIOJIOKEHHS YTPUMYIOUUX CIOPYH, SKi

BPaxoBYIOTh OCOOJIMBOCTI TPUPOJHOTO PEIb-
edy Ta CKJIaHI TPYHTOB1 YMOBH.

ITokazaHo, 110 BCeOIYHE TOCIMIKEHHS Ha-
MPYKEHO-Ie(OPMOBAHOTO CTaHy EJIEMEHTIB
CHCTEMHU «IPYHTH CXHITY-IIIINpHA CTiHa» J0-
3BOJIIE OTPUMATH HAJIHI Ta €KOHOMIYHI pi-
IIEHHsS] KOHCTPYKIIM MiAMPHUX CTiH 3 parfio-
HaJIbHO MiTIOPaHOI0 JOBKUHOIO Ta MEpepizoM
najb, a TaKOX ONTUMAIBHUM MOJOXKECHHSIM
KyTa Haxujy peibedy 13 BpaxyBaHHSIM Halla-
PYBaHHS IPYHTOBHX YMOB.
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Influence of parameters of retaining walls and
loose soils on the stability of slopes in the new
construction of residential complexes

Liudmyla Skochko,
Viktor Nosenko,
Vasyl Pidlutskyi,

Oleksandr Gavryliuk

Summary. The stability of the slope in the ex-
isting and design provisions is investigated, the
constructive decisions of retaining walls on protec-
tion of the territory of construction of a residential
complex in a zone of a slope are substantiated. The
stability of the slope when using rational landslide
structures is estimated.
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The results of the calculation of the slope stabil-
ity for five characteristic sections on the basis of
engineering-geological survey are analyzed. For
each of the given sections the finite-element
scheme according to the last data on change of a
relief is created. The slope was formed artificially
by filling the existing ravine with construction
debris from the demolition of old houses and from
the excavation of ditches for the first houses of the
complex. Five sections along the slope are consid-
ered and its stability in the natural state and design
positions is determined. Also the constructive deci-
sions of retaining walls on protection of the territo-
ry of construction of a residential complex as along
the slope there are bulk soils with various differ-
ence of heights are substantiated. This requires a
separate approach to the choice of parameters of
retaining walls, namely the dimensions of the piles
and their mutual placement, as well as the choice
of the angle of the bulk soil along the slope.

The calculations were performed using numeri-
cal simulation of the stress-strain state of the sys-
tem "slope soils-retaining wall" using the finite
element method. An elastic-plastic model of soil
deformation with a change in soil parameters (de-
formation module) depending on the level of
stresses in the soil is adopted. Hardening soil mod-
el (HSM) used. Calculations of slope stability in-
volve taking into account the technological se-
quence of erection of retaining walls and modeling
of the phased development of the pit. The simula-
tion was performed in several stages: Stage 1 -
determination of stresses from the own shaft, Stage
2 - assessment of slope stability before construc-
tion, Stage 3 - installation of retaining wall piles,
Stage 4 - assessment of slope stability after land-
slides. Based on these studies, practical recom-
mendations were developed for the design of each
section of the retaining wall in accordance with the
characteristic cross-sections.

Key words. retaining wall, diameter of piles,
stability of slopes, difficult soil conditions, numer-
ical modeling, model of soil environment.
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Hanpy:xeHno-gedopMoBaHuii cTaH MiANMIPHUX CTIH B 3aJ1€KHOCTI BiJ iX
KOHCTPYKIil

Bimanii Pyukiecokuul

1

KuiBchkuii HalliOHAIBHUN YHIBEpCUTET Oy IIBHULITBA 1 apXiTEKTypH
31, mpocm. [Tosirpodnorcrkuii, Kuis, Ykpaina, 03037,

'ruchkivsky8»@ukr.net, orcid.org/ 0000-0001-8982-2884

DOI: 10.32347/0475-1132.40.2020.76-82

AHoTanisi. Y cydacHOMy MicToOyIoyBaHHi, B
OiMBIIOCTI BWMAJKIB, TPH 3BEJCHHI OyIiBemb i
MiA3€MHUX CIIOPYA BUHHUKA€E HEraTUBHMU BILIUB
HOBOro OyIiBHHIITBA Ha iCHyIO4y 3a0yaoBy. Sk
npaBwio (yHOAMEHTH HOBUX OyIiBENlb MPOEKTY-
FOTBCS 13 OUTBIIIOI0 TIMOMHOO 3aKIagaHHs B IOPi-
BHSHHI 3 icHyrouuMmu OyaiBisiMu. B pesynbrari
poOIT MO ekckaBalii KOTJIOBaHYy Ta MOJANIBIIOMY
BJIAIUTYBAaHHIO HECYYMX KOHCTPYKLIM Mig3eMHHUX
CIIOpYA ICHYIOYi OYIWHKH 3a3HAIOTH HEPIBHOMIp-
HUX OCiaHb. B cTiHaX MOXYTb 3’SBJISTUCH TPIlIU-
HU Ta BiIOYBa€ThCS MOPYIICHHS EKCIUTyaTalliiftHOl
MIPUAATHOCTI KOHCTPYKTHBHHX eneMeHTiB. [lepen
TCOTEXHIKOM BHHUKAE 3aBJIaHHs BU3HAUCHHS raba-
PUTIB 30HM BIUIMBY HOBOTO OYIiBHHLTBa, TOOTO
IUISTHKY, Ha SKid MOXYTh BiOyBaTHUCh HETaTHUBHI
MIpOIECH (dbopmyBaHHS HaTpy KeHO-
nedopmoBaHoro crany. Jns norpuMaHHs Oe3med-
HOI eKcIUTyaralii iCHyro4Yux OyIiBellb BHHHUKAE
HEOOXITHICTh TOCTOBIPHOTO MPOTHO3Y JTOIATKOBUX
nedopMariii icHyrounx OyniBenb i Cropya, a Ta-
KOX BHOOpPY PalioHAILHOTO PIllIEHHS! OrOPOKEH-
Hs KOTJIOBAHY.

IIpoBeneno MOJIEIOBaHHS HaNpyKeHOo-
JIeGOpMOBAaHOTO CTaHy HiAMIPHOI CTiHH KOTJIOBaHY
MpH Pi3HUX JdiaMeTpax Ta 3MiHI KUTBKOCTI psmiB
nane. Po3paxyHKM HanpyKeHO-Ie(pOpPMOBAHOTO
CTaHy 3aXMCHHUX KOHCTPYKLIH CHIIBHO 3 IPYHTO-
BOI0 OCHOBOIO BHKOHYBQJIOCH 33 JOINOMOTOI0 Me-
TOAY CKIHYEHHHX €JIEMCHTIB JJI1 TOPU30HTAIHLHOTO
HaBaHTaXCHHS Ha IM.M. migmipHOi CTiHM (3amaya
mI0ckoi nedopMmartii).

Po3BszyBanuce 4 BapiaHTH 3a1adi:

B1 — migmipHa cTiHa i3 Maak JOBKUHOK 13,5M,
niamerpom 420MM, pO3TAIIOBaHUX B OJUH PAL;

B2 - migmipHa criHa i3 mane AOBXKUHOKO 13,5M,
niamerpoM 620MM, PO3TAIIOBAHUX B OJUH PSI;

Birauniii PyukiBcbkmii
aCHCTEHT Kadeapu
TeOTEeXHIKH

B3 - migmipHa criHa i3 manb AOBXUHOK 13,5M,
niamerpoM 420MM, pO3TAIIOBAHUX B JIBA PSIH;

B4 - mignipHa cTiHa 13 NaJIb AOBXHUHOW 13,5M,
niamerpom 620MM, pO3TaIIOBaHUX B ABA P,

[Tokazano BruMB 30iJbIIEHHS JiaMeTpa IMajb B
KOHCTPYKITii TiAMIpHOI CTIHW Ha 30UTBIICHHS MO-
MeHTy iHepwii mepepidy, LIO0 MNPU3BOAUTH O
CHPUAHATTS OLTBIIOrO 3HAYEHHS 3THHAIBHUX MO-
MEHTIB.

BHKOHaHO TEXHIKO-€KOHOMIYHE TOPiBHSIHHS
BapiaHTIB OrOPOKEHHS KOTJIOBAHY.

BusBneHo HaHOUTBIT pallioHaJbHE pIlMIEHHS
OTOPOJKCHHS KOTJIOBaHY B JaHUX YMOBaXx.

Kawuosi cioBa. HampyxkeHo-gedopmoBaHuii
CTaH, MiJIIIipHA CTiHA, KOTJIOBaH, iH)KEHEPHI 3aXHC-
Hi KOHCTPYKIIii, 3THHAIbHI MOMEHTH, TOPHU30HTA-
TBHI Jedopmarrii.

I[TOCTAHOBKA ITPOBJIEMU

Ha croronHi, y 3B’SI3Ky 3 IIBUJKHUM PO3BH-
TKOM BEJIMKHX MICT, 3 METOIO0 €KOHOMIT 1 edek-
TUBHOTO BUKOPHUCTaHHS TEPUTOpPIH, yce dac-
Titne as OyiBHUIITBA OOUPAIOTh AUISHKH, SIK1
paHilie BBOKAIKCS HENPHIATHUMH TSI 3a0y-
noBU. Y OIIBIIOCTI BUIAAKIB Takl AUISTHKHA €
3CYBOHEOE3MEUYHNUMH, 13 CKJIAIHUMH T1IpOTeo-
JIOTIYHUM YMOBaMH 1 aKTUBHUMH 3CyBHHMHU
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nporiecaMd. ByIIBHHITBO B TakuxX yMOBax
BUCOTHHX OYIWHKIB 3 MiJ3€MHUMHU MapKiHTa-
MU BUKJIHKA€ CYTTEBY 3MiHY HaIpyXEHO-
neOpMOBAaHOTO CTaHy HAaBKOJUIIHIX Oyi-
BeJb 1 I'PYHTOBOTO MAacCHBY, BHACIIJOK YOTO
CXHUJT MOK€ BTPATHTU CTiHKICTh. Tomy BHOIp
KOHCTPYKTUBHUX PIillIeHb MiAMIPHUX CTiH, SKi
0 yTpUMyBaIH CXHI 1 0OMEXyBajH BILTUB HO-
BOro OyJiBHHMIITBA Ha HOPMaJbHY €KCILTyaTa-
IO ICHYIOUHX CIIOPY[ € JIy’KE BOKIUBUM 3a-
BJAHHSM.

AHAJII3 ITOITEPEJHIX TOCIIIIKEHD

Ha croropHi, icHye BenmuKa KiJIbKICTh METO-
JIB PO3paxyHKy IMiJMIPHAX CTIH KOTJIOBaHY,
OJIHAaK iX BUKOPUCTaHHS YacCTO NMPHU3BOJIUTH 10
OTPUMAHHS ICTOTHO pI3HUX, CYNEPECUITUBUX
OJMH OJHOMY pe3yibTaraM. HasBHICTBH Y-
npHeHOi 3a0y/l0BM 3HAYHO YCKIJIATHIOE IIei
npouec. Hertounnii po3paxyHOK OropojKyBa-
JILHOT KOHCTPYKIIIi Bee 10 HemepeadauyBaHO-
ro BIUIMBY Ha OTOYylouy 3a0ynoBy. /[lng Bu-
pillieHHsT TPOOJIEeMH TPOTHO3YBaHHS BIUIUBY
HOBOro OyJIBHHUIITBA Ha ICHYIOYl CIOPYIU B
IIIIPHO 3a0y0BaHIN TEPHUTOPIi MPUCBIYECHO
naykosi npaui [.IL.Boiika [2], }O.JI.Binnikosa
[3], M.JI3ouenka [4], ILI.SkoBneBa [6],
Chandrakant S. Desai [8].

META POBOTU

[opiBusTH Harnpy>KeHo-/1e(hOpMOBaHUI
CTaH MIAMIpHOI CTIHU 13 OypOHAOMBHUX Tailh
IIPU Pi3HUX JiaMeTpax Ta KUIbKOCTI PSiB.

BusButu HaiiOUIBII €KOHOMIYHO €(EKTHB-
HU BapiaHT.

OCHOBHE JOCJIIJOKEHHA

Hinsnka MailOyTHROro OYyIiBHHUIITBA SIBIISIE
c000I0 MaNIaH4YMK 13 aOCOJIOTHUMH BIIMIT-
KaMH TIOBEPXHI 3€MJIi, IO KOJWBAIOTHCS BiJ
171.8 no 160.57 m. IlpoekTom mnependadeHo
CHOPY/KEHHSI Ha JaHid JUISHII BUCOTHOTO
0araTormoBEpPXOBOr0 YKHUTIIOBOTO KOMILICKCY .

Jniss BUKOHaHHS poOiIT Mo OyAiBHUITBY Ta
MOAAJIBIIIN €KCIUTyaTallii JKUTIOBUX OYIHWHKIB

3alPOEKTOBAHO 3aXUCT TEPUTOPIi BiJ 3CYBHUX
MPOLIECIB 3a JOMOMOTOI MiAMIPHUX CTIH i3
OypOHAaOMBHUX TMajlb, JIOBXKUHOK 13.5M,
00’eqHaHUX  3a11300€TOHHUM
pocTBepkoM (puc.l).

MOHOJIITHUM

Puc.1. byniBenbHMiA MaliTaHIHK.
Fig.1. Construction site.

MakcumanbHa BiAMITKa PO3POOKH KOTIIO-
BaHy MependavyeHa MPOCKTOM IIICIs BIIAIITY-
BaHHS IMaJlb Ta POoCcTBEpKiB — 157,8. 3aranpHa
rIMOMHA KOTIIOBaHy ckianae 6,17 m (puc.2).

Maiinanuuk Tig OymiBHUIITBO >KHUTJIOBOTO
KOMIUICKCY 3HAXOJUTHCS HA APEBHBO3CYBHOMY
CXUJI1 OATKH.

I'eonoriyna OynoBa MalIaHYMKY 1O PO3Bi-
nmanoi ruOmHM 35.0 M CKIIagacThCa 3 KOM-
IJICKCA €0JIOBO-JICTIOBIaIbHUX Ta  BOJHO-
JHOJOBUKOBUX  BIKIJIAIB, TPEACTABICHUX
MiCKaMH, CYHICKaMH Ta CYTJIMHKAaMH, BUILE
SKUX 3HAXOJUTHCS HACHMHHUUI TPYHT (Tabi.l).
[Tig yeTBEpTUHHUMU BIAKJIAJaMU 3HAXOMSATh-
Cs: CTPOKATI TJIMHU, CYTJIMHKH, CYITICKH, TIiC-
KU HOBOTIETPIBCHKOT'O PETiOSAPYCY.

3riIHO 1HXXEHEPHO-TEOJIOTIYHUX BHUIIYKY-
BaHb IMiJ3€MHI BOAM B TMEPiOJ BHUIIYKYBaHb
(rpynens, 2014 p.) Ha MaiigaHuuKy i1 OyiB-
HUIITBO >KUTIIOBOTO KOMILUIEKCY 3YCTPiHYTI Ha
rauouHi 1.0 — 10.0 M, HAa aOCOTIOTHHUX BiAMIT-
kax 158.90 — 155.80 m i mpuypodeHi 10 BOI-
HO-JI6010BUKOBUX BinkinamiB. Inmuaa ITE — 6
SIBJIsSIE COO0I0 HAMIMHMI BOJOTPUBKUMN AP IS
BOJIOHOCHOTO TOPH30HTY. ['OpU30HT HE Harip-
HUU.

3a pe3yibTaTamMH 1HXXCHEPHO-TCOJIOTTIHHUX
BUIIYKYyBaHb IPYHTOBa OCHOBA CKJIAJAETHCS 3
TaKUX 1H)KEHEPHO-TEOJIOT1YHIX EJIEMEHTIB:
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ITE -1a HacumHuii TpyHT — CyIiCOK BiJ TBEp-
JI01 10 IUIACTUYHOI KOHCUCTEHIIIT;

ITE-2 Cyrmicok, miacTUYHUMR;

ITE-3 Ilicok apiOHuii, cepenHboi LIIBHOCTI,
MaJIoTO CTYTICHIO BOJOHACUYCHHS,

II'E-4 CyrnuHOK, M'SKOIJIaCTUYHUM;

ITE-6 'muna, HamiBTBEpAA.
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Puc.2. Ilocamgka mignipHOi CTIHK Ha 1HXEHEPHO-
T'eOJIOTTUHUI pO3pi3.

Fig.2. Retaining wall on the engineering-
geological section.

Pospaxynku  HampykeHO-1e()OpMOBAHOTO
CTaHy 3aXMCHUX KOHCTPYKIIiH CIIIBHO 3 TPYH-
TOBOIO OCHOBOKO BHKOHYBAJINCh METOJIOM CKi-
HYCHHUX €JIEMEHTIB Ui TOPH30HTAJILHOTO
HaBaHTAXEHHA Ha |M.m. migmipHoi cTiHM (3a-
nada T1oiockoi aedopwmarii). MogenroBaHHS
IPYHTOBOT'O MacCWBY BHKOHYBAJIOCH 13 BUKOPHU-
CTaHHSM iJ€alIbHOI MPYXHO-TUIACTUYHOT MO-
JIeITi 3 TPAHUYHOIO MOBEPXHEIO, IO OMUCYETh-
cs kputepiem Kynona-Mopa.

Tabn.1. ®izuKo-MexaHiuHI XapaKTePHUCTUKU
IPYHTIB eKCliepuMeHTalIbHOTO Maiaanunka Nel 3a
TAHUMH 1HKEHEPHO-TEOJIOTIYHIX BUITYKYBaHb.

Tablel. Indicators of physical and mechanical
properties of the soils of the site.

Kyr

linemicts | [Ipupogna | Koediuient TTutome Mogyms
. | eryrpimEEOrO .
IPYHTY. | BONOTICTB, | IOPHCTOCTL, s9emneHHs, | Zedopmanti,
TE TepTA,
e’ a0, oo. xIla MTTa
TpagycH
P W e @ € E

la 1.79 0.68 26 15 16

2 1.83 0.65 26 18 24

3 1.72 0.67 31 2 23

4 191 021 0.7 17 31 14

6 1.97 0.25 0.72 14 80 28

Ha pwuc.3 1 puc.4 npuBeneHi po3paxyHKOBI
CXEMH, 1110 BKJIIOYAIOTh I'PYHTOBY OCHOBY IIO-
Ty)kHicTIO S0M, minmipHi ctiau (I1IC) B onuH Ta
1Ba psAM 13 maib KpokoMm 1.0M, TOBKHHOIO
13,5M. XapakTepuCTUKHA >KOPCTKOCTI TMallb
MiAMIPHUX CTiH OyNU MPHUBEICHI 3 PO3PAXYHKY
Ha Im.m Posmipu pospaxyHkKoBOi o00macti
ckinagarotb 50x90m. HukHa yacTuHa pospa-
XYHKOBOI CXeMH, Ha BifacTani 20M Bij Imigom-
BU MMl MiANIPHOI CTIHM OOMEKeHa IUIOIIU-
HOIO, SIKA 3aKpiIICHa BiJl BEPTUKAIBHUX TIepe-
MimeHb. [lo GiYHMM TUIOIIMHAM Ha OCHOBY
HaKJIaJCHI B 531, MO MEPEIIKOHKAIOTh TIITBKU
HOPMAaJIbHUM JI0 TUIOIIMH NEePEMILICHHSM.

MBH-13.5

Puc.3. Po3paxyHkoBa cxema Ipu po3TalryBaHHi
najb B OUH P

Fig.3. Calculation scheme when the piles are ar-
ranged in one row
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B po3paxyHOK BKJIFOUEHO 8-M €TaIliB MOH-
TaXy Ta AeMOHTaxy. Ha ocHOBI nmonepeaHix
po3paxyHKiB OyB 37iiicHeHH MiA0ip po3MipiB
CITKM CKIHUEHHHX €JIEMEHTIB 3 METOIO 3MEH-
IICHHS BIUIMBY TPaHUYHUX YMOB Ha JIOCIITHY
YacTUHY HiAMIPHOI CTIHHU, a TAKOXK 3a0e31e-
YEeHHS 337]aH01 TOYHOCTI OTPUMAaHUX PE3yJhb-
TaTiB. TakKuM YHHOM IPYHTOBUIl MacuB po30u-
BaBCs 3 KPOKOM citku 1.0M, a HABKOJIO Malib
MIMIPHUAX CTIH 3 KpoKoM 0.5M.

NBEH-13.5

Puc.4. Po3paxyHkoBa cxema IpH po3TallyBaHHI
naJb B 1B PSAH.

Fig. 4. Calculation scheme when the piles are ar-
ranged in two row.

Po3BsizyBanocs 4 BapiaHTH 3aJaui:

Bl — migmipHa cTiHa i3 TaJb JOBXHHOIO
13,5m, miamerpom 420MM, pO3TalIOBaHUX B
OJIUH PSIJI;

B2 - migmipHa
13,5m, miamerpom
OJIUH PSIJI;

B3 - mipmipna
13,5m, miametrpom
TIBA PSIIIN;

B4 - migmipaa
13,5m, miamerpom
TIBa PSIIIN;

CTIHA 13 Majb HOBXUHOIO
620MM, pO3TalIOBaHUX B

CTiHA 13 Majab JIOBXHUHOIO
420MM, poO3TalllOBaHUX B

CTIHA 13 Majb HOBXHUHOIO
620MM, pO3TalIOBaHUX B

Po3paxyHOK HpOBOIMBCS 13 BpaxyBaHHIM
(dbopmyBaHHS HaIpyXeHo-1e(h)OpMOBaHOTO
CTaHy I'PyYHTOBOIO MacHBY B IPOLEC] BIAILUTY-
BaHHS mianipHOi crinu. [Ipu npomy mopiBHIO-
BaJMCh TOPU3OHTANbHI IEPEMILECHHS BEpPXY
naJsb Ta 3ruHaibHI MoMeHTH (Puc. 5-12).

3.69cm

Puc.5.'opuzoHTaneHi nepemilieHHss B MigMipHIiH
ctini B3 i3 manp — [1bH-13.5-42 B nBa psaau

Fig.5. Horizontal displacement V-3 boring piles
PBN-13-5-42 are arranged in two row

1.47 cm (-150%)

Puc.6. I'opu3oHTadbHI NepeMilleHHs B MigMipHIHA
crini B4 13 mans — [1IBH-13.5-62 B n1Ba psiau

Fig.6. Horizontal displacement V-4 boring piles
PBN-13.5-62 are arranged in two row.

[TopiBHSHHS TOPU3OHTAIBHUX IEPEMIIICHb
npu Bapiantax B3 (mani d=420mmMm B 1Ba psan)
(puc. 5) Ta B4 (mam d=620mMM B aBa psian)
(puc. 6) mokasano, 110 301IbLHICHHS TiaMeTpy
naji 3HWKYE TIepeMillieHHs B 2.5 pa3u, a 3Td-
HaJIbHI MOMEHTHU IIpH I[bOMY Yy BapiaHTi 3 0i-
JBIIUM AiamMeTpoM 3poctaroTh Ha 10% - 34%
(puc.7; 8).

[Ipu po3p’sizaHHi 3amavi BUSBUIOCH, IO
Opy JaHUX HaBaHTAXEHHAX Bapiant Bl i3
nanbk giamMeTrpoM 420MM, poO3TalIOBaHUX B
OJIUH pAJ, HE 3aJ0BOJIbHSIE YMOBaM JPYroro
TPAaHUYHOTO CTaHy, TOPU30HTAJBHI THepeMmi-
mieHHs ckiianu ounbire 10cMm.
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Puc.7. Emopa 3ruHalbHIX MOMEHTIB B IIiIITipHIH
ctini B3 i3 mans — [1BH-13.5-42.
Fig. 7. Bending moments diagram V-3 boring piles
PBN-13.5-42.
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Puc.8. Emopa 3ruHaIbHUX MOMEHTIB B MiIipHIH
ctini B4 i3 manp — [1bH-13.5-62.

Fig. 8. Bending moments diagram V-4 boring piles
PBN-13.5-62.

IIpu mopiBHsHHI BapianTiB B2 (mam
d=620mm B ommH psan) (puc.9) ta B3 (mami
d=420mm B n1Ba paau) (puc. 10) BcTaHOBIIEHO,
[0 BUKOPHUCTAHHS ABOXPSIIHOT CTIHKH 13 Tallb
MEHILIOTO JiaMeTpy MPU3BOAUTH O 3HUKEHHS
3HaYeHb TOPH3OHTAIBHUX IEPEMIllICHh Ha
34%.

Puc.9. I'opu3oHTaNBHI TIEpeMIlIeHHS B AT pHIi
crini B2 i3 nane — [1BH-13.5-62 B onuH psin.

Fig.9. Horizontal displacement V-2 boring piles
PBN-13.5-62 are arranged in one row

Puc.10. I'opu3oHTaNBHI TEpEeMIMEHHS B TiIITpHIH
crini B3 i3 mane — [1BH-13.5-42 B nBa psau.

Fig.10. Horizontal displacement V-3 boring piles
PBN-13.5-42 are arranged in two row.

Puc.11. I'pacix BuTpat 6eTOHY Ha OJHY TAITIO.
Fig.11. Graph of concrete consumption per pile
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Puc.12. I'padix BUTpat apMaTypu Ha OJIHY TTAITEO.
Fig.12. Graph of armature consumption per pile

BUCHOBKHW TA PEKOMEH/JAILIIT

Bcranosneno, mo mpu manax d=420mw,
PO3TaIIOBaHUX B 2 psIH, TOPU3OHTAJBHE Iie-
pemimieHHst 3MeHuryeTbcsi Ha 34% y mopis-
HSHHI 3 OJHOPSTHUM pO3TAIlyBaHHSAM Mallb
d=620mm. ¥V mpomy BumNanky Oiunbmn eeKTHB-
HO BUKOPUCTOBYETHCS apMaTypa.

[Tokaszano, o 30UTBIICHHS JliaMeTpy Mallb
B KOHCTPYKIIIT NiAMPHOI CTIHH 3yMOBJIIOE 3pPO-
CTaHHS MOMEHTY iHepIii rmepepizy, 1o Mpu3-
BOAWTH JO CHOPUUHATTS OUIBIIOTO 3HAYEHHS
3THHAJIBHUX MOMEHTIB, 3a pPaxXyHOK OuIbII
e(eKTUBHOTO BUKOPHUCTAHHS TUIOII apMaTypH.

BussiieHo, mo HaiiOLIbII €KOHOMIYHO BH-
TIIHUM PIIICHHSAM MiAMNIPHOI CTIHM B JaHUX
TPYHTOBHX YMOBax € BapiaHT i3 TWalb
d=420mmM, po3TamioBaHuX y ABa psAIH, B MOpi-
BHSIHHI 13 OJHOPSIHUM PO3TallyBaHHSIM MaJlb
d=620mm (puc.11;12).
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Stress-strain state of retaining walls depending
on them construction

Vitalii Ruchkivskyi

Summary. In modern urban planning, in most
cases, the construction of buildings and
underground structures has a negative impact of
new construction on existing buildings. As a rule,
the foundations of new buildings are designed with
a greater depth of laying compared to existing
buildings. As a result of excavation work and
subsequent installation of load-bearing structures
of underground structures, existing buildings are
subjected to uneven subsidence. Cracks may
appear in the walls and the serviceability of
structural elements may be impaired. Before the
geotechnics there is a task to determine the
dimensions of the zone of influence of new

construction, ie the area where negative processes
of stress-strain formation can occur. To comply
with the safe operation of existing buildings, there
is a need for a reliable forecast of additional
deformations of existing buildings and structures,
as well as the choice of a rational solution for the
protection of the pit.

Modeling of the stress-strain state of the
retaining wall of the pit with different diameters
and changes in the number of rows of piles.
Calculations of the stress-strain state of the
protective structures together with the soil base
were performed using the finite element method
for a horizontal load of 1 m.p. retaining wall (the
problem of flat deformation).

4 variants of the problem were solved:

V1 - retaining wall with piles 13.5 m, 420 mm
in diameter, arranged in one row;

V2 - retaining wall with piles 13.5 m, 620 mm
in diameter, arranged in one row;

V3 - retaining wall with piles 13.5 m, 420 mm
in diameter, arranged in two rows;

V4 - retaining wall with piles 13.5 m, 620 mm
in diameter, arranged in two rows;

The influence of increasing the diameter of
piles in the structure of the retaining wall on the
increase of the moment of inertia of the section,
which leads to the perception of a greater value of
bending moments, is shown.

The technical and economic comparison of the
pit fencing options is performed.

The most rational solution of excavation of the
pit in these conditions is revealed.

Key words. Stress-strain state, engineering
protective structures, retaining walls, foundation
pit, bending moments, horizontal displacements.
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BruiuB edexTy 3iM’ATTSI INIMHUCTUX FPYHTIB NIPH KOMIIPeCiiiHUX BUNIPOOYBAaH-
HSIX HA BU3HAYEHHS OCiJaHHS OCHOBH

Onexcanop I1'smros !, Beponixa XKyx?, Onvea Ionoxosuuy

3

KuiBcbkuii HalioHaTBHAUN YHIBEPCUTET OYIIBHUITBA 1 apXiTEKTypH
31, mpocm. [Tositpodnorcrkuii, Kuis, Ykpaina, 03037,
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2zhuk.vv(@knuba.edu.ua, orcid.org/ 0000-0002-1114-3192
30lia813@ukr.net

DOI: 10.32347/0475-1132.40.2020.83-90

AHoTanist. ExcriepuMeHTanbHO — TOCIIHKEHO
BIUIUB  «KOMIIPECIHHOT MOXHOKM» - edekry
3IM’STTS  3pa3KiB MUITyBaTO-TIMHUCTUX TPYHTIB
TIPU KOMIIPECIHHIX BHIPOOYBAaHHSX.

Jlis 1bOTO TPOBEIEHO KOMIIPECiiHI BHUIIPOOY-
BaHHS CYMICKIB 1 CyIJIMHKIB Ha CIELiaIbHOMY
KOMITPECIHHOMY TpWiIagi 3 IUIOMIC0  KiJIbIA
A=360 cM? i BucoTor hi=7 cwm.

Jpyroro BiIMiHHICTIO [LOTO TPUIIAJTY € HasIB-
HICTh Y BEPXHBOMY IIITAMIIi OTBOPIB AiaMeTPOM JI0
5 MM JUIS BCTAaHOBIICHHSI TBUHTOBUX MapoK, sKi
PO3MILIYBAIKCS B 3pa3kax TIIMHACTOTO TPYHTY Ha
BIJICTaHi IO 5 MM BiJl KOHTAKTHOT IIOBEPXHI MiXK
IITAMIIOM 1 IPYHTOM.

Monyie nedopMaiiii € TOJIOBHOWO Aedopmairiii-
HOI0O MEXaHIYHOIO0 XapaKTEPHUCTHKOIO TPyHTY. 3
MIPAKTUKHU BiJJOMO, 1110 OUTBII TOCTOBIpPHI 3HAYEHHS
i€l XapakTepUCTUKH MOXKHA OTPUMATH TIPH BU-
npoOyBaHHSAX TPYHTOBHUX OCHOB INTaMIIAMH B
MoJKOBUX yMoBax. OfHaK MpH MPOEKTyBaHHI Qy-
HIAMEHTIB HETJIMOOKOTO 3aKJIafaHHs, SK IPaBHIIO,
3aCTOCOBYIOTh OJJOMETPHYHI BUNPOOYBaHHS TPYH-
TiB B J1a0OpaTOPHHX yMOBaX, Ha CTaHIAPTHUX
KOMITPECIHHUX TpriIaax IO Kbl 60 oM i
BHCOTOIO hy=25 MM 3a METOJIUKOIO 2-X KPUBHUX [6].
Jnst oTpuMaHHS PO3PaxyHKOBHX BEJIHMYMH KOMII-
peciitHi MOy KOPETYIOTh 3a JOTIOMOTO0 TepeXi-
THUX KoedirmieHTis [7, 4].

A HalronoBHilIe Te, MO MPH BU3HAYCHH] BEJIHU-
YHH OJOMETPUYHUX JabopaTOpHUX MOIYNiB, 3
BHUKOPUCTAHHIM CTaHIAAPTHUX KOMITPECIHHHUX MpU-
NaiB, Ha pe3yJIbTAT BIUIMBAE KKOMIIPECiHA TTOXU-
Oka». ToOTO BHUXiAHI AaHi AN PO3PaXyHKOBUX
MonaymiB  nmedopMariii  iHKEHEPHO-TEOJIOTIIHIX
€JIEMEHTIB OCHOBH MOXXYTh OYTH 3HA4YHO 3aHIKE-
Hi, 1110 0arato pasiB MPaKTUYHO IiITBEPKYBAIOCh
KOMILUICKCHUMH MapHUMH (IITaMI-0J0METp) J0C-
JKEHHSIMH TPYHTIB Ha CTHCK.

Outexcangp II’saTkoB
JIOLIEHT Kadeapu
TCOTEXHIKH

K.T.H., JIOLI.

Beponika Kyk
JIOLICHT Kadenpu
re0TEXHIKH
K.T.H., JOII.

Ouabra IoawxoBuu
marictp kadenpu
TCOTEXHIKH

JlocmimKeHHST CTUCKY TPYHTIB B KOMIIPECIHHHIX
yMOBax, MpoBeAeHi B J1abopaTopii ocHOB i QyHAa-
meHTiB KHYBA [2], moBOASITE MOXKINBICTH IOK-
pamieHHs pe3yiabTaTiB OMOMETPUYHUX BHITPOOY-
BaHb IPYHTIB Ha CTUCK, HAONMKAIOUM iX JIO LITaM-
MOBHX.

Karouosi ciaoBa. KomrmpeciiiHi BunpoOyBaHHS,
OJIOMETp, MOIyNb JedopMariii, ITamIl, IMOJLOBI
yMOBH, e(DeKT 31M’SITTs, OC1IaHHS OCHOBH, CKJIaJHI
TPYHTOBI YMOBH.

ITOCTAHOBKA ITPOBJIEMU

JloCTOBIpHI 3HaY€HHS PO3PAXYHKOBUX MO-
IyJiB 3arajipHOi nedopmanii IpyHTiB - E Bif-
noBigHo g0 BuMmor [IBH [1] Ge3nocepennbo
BIUIMBAIOTh HAa PO3pPaxyHKH OcCiaHHs (yHIa-
MEHTIB OYJIMHKIB 1 CIIOPYI.
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Benuuuau opomMeTpuyHUX MOAYMIB  Eoed
OTpPHMaHi 32 YTOYHEHOIO METOJIUKOI0, 3 ypa-
XyBaHHAM e(eKTy 31M’SITTs, 3HAYHO HaOImxKe-
Hi 10 BelMWYMH E, OTpUMaHHUX 32 METOIMKOIO
MOJILOBUX JIOCIHI/DKEHb JAedopMariiii rpyHTiB
IpU BUIPOOYBaHHAX MITaMmamMu - Epe [5].
BusHaueHHs OUTbII TOYHHMX 3Ha4eHb nedop-
Maliii IpyHTIB NpU KOMIIPECIHHUX BUIPOOY-
BaHHSX € BAXIUBUM (PaKTOPOM IpPU PO3paxy-
HKax oOcCiaHHs (YHIAMEHTIB HETrJIHOOKOro
3aKJIaIaHHS.

AHAJII3 ITOINEPEJHIX JOCIIII’)KEHD

3 nmocmimkenb mnpod. A.K. JlapionoBa i
JI.B. Kucnogoii [3] Bizomo, 10 Ha pe3yibTaTu
KOMIIpECifHUX BUTIPOOYBaHb TPYHTIB MOXYTh
BIUIMBATH 0sin3bko 30 ¢axTopiB. 3HaYHOT Hac-
THUHH 3 HAX MOYKHA YHUKHYTH, ajie JesKi € CH-
CTEMHUMHU 32 paXyHOK KOHCTPYKTHBHHMX 0COO-
JTUBOCTEH NpuiaaiB (0JOMETpPiB).

[Tonepeani pocnimkeHHs Aedopmariii 3pas-
Ka TPYHTY B KOMIIpeciifHOMY mpuiani [2, 5, 8]
MoKa3aJiy, 10 Ha iX BEJIMYUHY Mae HailOiib-
UK BIUTUB 3IM’ATTS TPYHTY Ha KOHTAKTi 3i
mramnamu ogomerpa. Lle nmpusBoauTh 10 3a-
HUKEHHS BEJIMYMH MOy Aedopmattii Eoed B
JIeKiJbKa pa3iB MOPIBHSHO 3 BEJIMYMHAMH MO-
JyJIiB TIPU TIOJIbOBHUX JOCHIPKEHHSIX IITaMIIO-
BHUMU BUIIPOOYBaHHIMH TUX K€ TPYHTIB [4, 5].

META POBOTU

Ha ocHOBI eKCIepUMEHTaJIBHOTO JOCi-
JDKCHHSI BCTAHOBUTH KUIBKICHUM BIUTHB €(eK-
Ty 31IM’ATTS TPYHTY IIpU KOMIIpECiiiHOMY CTH-
CKy CYIICKIB 1 CyTJIMHKIB Ha BU3HAYCHHS Be-
JUYUH MOIyNis aedopmariii Ta po3paxyHKY
OCiIaHHS B OCHOBI CTPIYKOBUX (PYHIAMEHTIB
4-X IOBEpXOBO1 )KUTIOBOI OYI1BIIi.

OCHOBHE JOCJIKEHHS

Binomo, mo ¢yHIaMeHTH HEerJIMOOKOTOo 3a-
KJIQJIaHHS PO3PAaXOBYIOTh 3a APYTUM TPaHUY-
HUM CTaHOM: TOOTO 1Mo AedopmariisiMm rpyHTO-
BO1 OCHOBH, 3 BUKOHAHHSIM YMOB: om<R; S<Su
[1].

Haiibinbiie 3HaueHHs NMpH BU3HAYEHHI Be-
JUYHUH OCIIaHHS MAa€ METO/]I MOIIapOBOTO IiJI-

CyMyBaHHS[ .
S :ﬂzn: (O-zpi _Gzyi).hi +

BianosigHo no Hopm [1] Bu3HAUEHHS BeJU-
YUHHU OCIJaHHS S MOXKHa IPOBECTH 3a CIIPO-
IeHOI0 (popMyII0I0:

"o h

P

i=1 e,

. Gzp[ ’ hi
S=p ZT , AKII[0 MIMOMHA MEHIIIE 5 M.
i=1 i

Benmnuunn omoMeTpuyHUX MOAYJiB aedo-

pManii  po3paxoBYIOThCS 332  (HOPMYJIOIO:
I+e, .
i = o [, sKa HampsMy 3aJeKHUTh Bil

c
3HavyeHb Koediuienta ctucky Ce, I/Mlla, sxuit
B CBOIO YEpry BH3HAYAETHCS UISI 3a1aHOTO
iHTEepBaTy THCKY - P 1 3aJIe)KHTh BiJ 3MiHHUX
BEJIMYWH Koe(DilieHTa MOPUCTOCTI TPYHTY e
i+l i

TakuM YMHOM JOCIIPKEHHS BEIWYHUH Bij-
HOCHUX Jedopmarii 3pa3ka TpyHTY Ha CTyIe-
HSIX HABAaHTA)XCHHS MPH KOMIIPECIHHOMY CTH-
CKy € KJIIOYOBUM TpHU TOOYAOBI 3aJICKHOCTEH
e=f(P) 1 came 3a paXyHOK YTOUYHCHHsI BETUINH
Ah/h MoxHa oTpuMaTH OUIBII JOCTOBIPHI MO-
1yl Eoed 1 OUTBII TOYHI PO3pPaXyHKH OCIIaHHS
S, ki OyqyTh HAONMXKEH1 10 JaHUX TPH IITa-
MIIOBHX BHIIPOOYBAHHSX IPYHTIB OCHOBH.

JlocmiKyBaIiCh CYMICKA CBITJIO-KOBTOTO
JI0 )KOBTO-Oyporo KOJIbOPY, TBEP/Ii, MUITYBaTi B
MiJOIIBI APy OMilaHEeH1 3 PIIKUMH IUIIMaMu
oyposaroro konsopy (II'E-2) 3 rmubuHn 4, 6, 8
METpIB Ta CYTJIMHKH JKOBTO-OYpOTO KOIBOPY,
mwryBati tBepai (II'E-3) 3 rmmubunm 12 metpis.

Ha Puc. 1 npexacraBneHa cxema KoMIpe-
CIHHOTO KINbLISA 3 MOXIIMBICTIO BHUMIpIOBaHHS
nedopMmarif A4 SK MO BEPXHHOMY IITAMITY
(A1, A2), TaKk 1 M0 TBUHTOBUM Mapkam (B1,B2).

Hani ans moOymoBu rpadikiB KoMIpecii-
HUX KpuBHX e=f(P) nus. Puc. 2, Puc. 3, Puc. 4,
Puc. 5 3 3amipamu gedopmariiii mo mrammy i
Mapkam Juig 3paskiB Nel, 2, 3, 4 mpuBezeHi B
ta0muiax Taoun. 2, Taon. 3, Taon. 4, Tadm. 5.

BennuuHu KoegilieHTiB CTUCKY 1 OJJOMET-
PUYHUX MOAYIIB aedopMarliii 1 BCixX 3pa3KiB
rpyHTy B iHTepBasi Tucky 200-300 klla npen-
cTtasiieHo B Tabnuui Tabu. 6.
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Bepxriu wmamn

Memanebe kinvye L R R T

hie

3pazok epyHmy, wo
bunpodobyemscs

Puc.3. Cxema koMIpeciiHOTO MpHiIamy.
Fig.3. Scheme of the compression device.

Tabum. 1. @i3uyHI XapaKTePUCTUKY TPYHTIB
Table 1. Physical characteristics of soils

Huxwit wmamn

T'nuOHHA BiZfopy 3pa3kKiB Nel Ne2 Ne3 Nod
IpyHTY (Nel, 2,3, 4) rHO. 4M rIHD. 6M raHb. 8M raHb. 12M
IIpHpoIHA BONOTICTE IPYVHTY, W 0.15 0,14 0.10 0.10
) ) IIpupoxuoro p 1.51 1,52 1.58 1.58
LHiTBHiCT, Cyxoro pa 131 1.34 1.44 1.44
TPYHTY, T/cM3
YacTHHOK ps 2,67 2,66 2.66 2,68
KoedinieHT IOPHCTOCTI, €p 1.035 0.985 0.852 0.874
CTymiHb BOJO HACHYEHHT, S; 0.39 0.36 0,31 032
Texy4docTi, WL 0.27 0.26 0,25 0,28
Tpammi | Tlractarasoct, 0,20 0,20 021 0,18
Wp
UnHcIo IIacTHIHOCTI, Ip 0,07 0,06 0.04 0.10
TToxa3HHK TeKydocCTi, I <0 <0 =0 <0

Tabmn. 2. Pesynbratn KoMIpeciiHux BUIIpoOyBaHb A 3paszka rpyHTy Nel (h=4 m)
Table 2. Compression test results for soil sample Nel (h=4 m)

{ Tuck (P), Mo wma&ny (h=7cm) Mo Mapkam (h:6.5__;1~4) ‘
Klla Ah, Ab/h | e Ab, an/h | e
50 | 0042 | 00060 ‘ 1023 | 0020 | 00031 | 1028
100 0083 | o00m8 | 1011 | 0042 00066 | 1022
150 0,185 | 00264 | 0,981 0,120 00184 | 0997
200 | 032 00462 | 0941 0,239 0,0367 0,960
[ 300 0561 | 00801 | 0872 | 0444 | 00683 | 08% |
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Tabmn. 3. Pesynbratn KoMIpeciiHuX BUIIPoOyBaHb A 3pa3zka rpyHTY Ne2 (h=6 m)
Table 3. Compression test results for soil sample Ne2 (h=6 m)

e (P), ' Mo wmamny (h=7cwm) | llo mapkaM !h 6501} 4‘
R Z A T2 |
50 | o085 | 00121 | 05961 0,038 | 00058 | 0973 |
100 0171 | 00244 | 0936 0,119 _‘_ 0,0163 0,948 ‘
50 | 0372 | 00531 ‘ 0,879 029 | 0, 04_! 0,899

200 | 0539 | 0077 0832 | 0330 470 0507 | 0,884
300 | 0788 | onz | 0761 | 0550 [ 0086 | 0817 |

Tabmn. 4. Pesynbratu KoMIIpeciiHUX BUIIPoOyBaHb A 3paszka rpyHTy Ne3 (h=8 m)
Table 4. Compression test results for soil sample Ne3 (h=8 m)

Tuck (P, L Mo wmar}ny (h=7cm) Mo mapkam m =6. SEH) —|
kla | Ah, | Ah/h e ah, | Awh | e
50 0,068 0.0097 | 0834 0,049 0,0075 0,838
100 0,121 0,0173 0,819 0,085 0,0131 0,626
150 0174 | 0,0248 0,806 0,131 0,0201 0,615
200 0225 | 00321 | 0792 | 0172 0,0264 0,803
| 300 i 0351 | 00507 | 0,759 0,271 0,0417 0775 |

Tabm. 5. Pesynbratu KoMIipeciiHux BUITpoOyBaHb ais 3paska rpyHTy Ned (h=12 m)
Table 5. Compression test results for soil sample Ne4 (h—12 m)

| Tuck (P) lo wmamny (h=7FcM) I flo mapkam (h=6.5ch 5m}
«lla Ah, | Ah/h | g Ah, ah/h | 4
50 0,043 | 00061 | 0862 0032 | 00049 | 0355
100 0078 | oo0m | 0853 0,057 00087 | 0857 |
150 0,01 | 00144 0.847 0,074 0,011 | 0852
200 030 | oo0m5 | 0839 | 00% | 0047 - 0846
L SR | I DR N
i
e
A 1000 — :
1050 T T |
| . 0,950 | S . —
g, ™ | |
B S eSS T2 e |
1,000 == |- 1 .
. ' | . 4
| o Y ) M. 1 AE— i
0950 ———m 1 i . 0850 | | |
| \ . | L
0,900 —F———t— —L—n 0,800 | A
L | | ki ™
0,850 et S 0,750 | | | ! b ] ey
"o 50 100 150 200 250 300 P (kfla) 0 50 100 150 200 250 300 p (xfIg)
— @ -peaymemamu BunpodyBake no wmaMAIM o -pesyasmamy BunpodyBans no wWmaMmom
e -pesyaALmamy Bunpodybone no MOpKaM —i—— -pesymsmamu Bunpodybans no MapkaM

Puc.2 I'padik 3anexnocti e=f{(P) nyis 3pa3ka rpyH-
Ty Nel (h=4 m)

Fig.2 Graph of dependence e=f{P) for soil sample
Nel (h=4 m)

Puc.3 I'padik 3anexnocti e=f{(P) nys 3pas3ka rpyH-
Ty Ne2 (h=6 m)

Fig.3 Graph of dependence e=f{P) for soil sample
Ne2 (h=6 m)
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Puc.4 I'pagik 3anexnocti e=f{(P) nys 3pa3ka rpyH-
Ty Ne3 (h=8 m)

Fig.4 Graph of dependence e=f{(P) for soil sample
Ne3 (h=8 m)
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Puc.5 I'padik 3anexxHOCTI e=f(P) nis 3pa3ka rpyH-
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Fig.5 Graph of dependence e=f{P) for soil sample
Ne4 (h=12 m)

I'padix 3anmexnocti e=f(P) nna II'E-2 mo

YCEpCAHCHUM IIOKa3HHUKaM IIOKa3aHO Ha
Puc. 6.
g
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Fig.6 Graph of dependence e=f(P) for EGS-2

Tab6n. 6. Bennuunu koedilieHTiB CTHCKY 1 01oMe-
TPUYHUX MOJYJIIB Aeopmarii

Table 6. Values of compression coefficients and
odometric modules of deformation

N ) XapakTepHCTHEH
e spasia ITo mrammy ITo mapraM
TPYHEY Ce, 1/MIIa | Eged, MIIa | Cc, 1/MIIa | Eged, MIla
1 0.69 2,33 0.64 2,65
2 0.71 2.21 0.67 2.48
3 0.33 4,46 0.28 5.39
4 0.16 9.37 0.12 12,49
M=408.56 xH
% P At
2442
e
Va4 J'I 547 FL
SRS S e
v s S
3 [L
. NN [3
o & / / // [
s : 0
g
AL AN L
/////"§ / / /( 5 07
A ‘m
// /é o { El 1355
e 1 |
/ /§ / m.uj mLm
/®/§ A Eell R A -1
e, g

Hukws maxn
CHUCHLITOT S0R0

0. =281 kiToz0, 2. ;=32 36 xlla

Puc.7 Po3paxyHkoBa cxeMa Jijisi BA3HAYCHHS OCi-
nmaHHsg GyHIAMEHTY

Fig.7 Calculation scheme for determining the
subsidence of the foundation

s cymicky ITE-2 6yrno Bu3Ha4eHo ycepe-
nHeHe 3HaueHHS Eoed:

- mo 3amMipam Ha mTammi-3,0 Mlla

- no mapkam-3,51 MIla.

I3 3acTocyBaHHIM HepexiTHUX KoedilieH-
TiB [4, 7] pO3paxyHKOBI 3HAYEHHS MOJIYJIS
nedopmarii  cymicky IT'E-2  mpwuiiasaro
Epum=7,5 MIla; Ep.=9,0 MIla, a nns cyrnus-
Ky II'E-3 Epum=19 Mlla; Ep...=25 MIla. Benu-
YMHU OCIJJaHHS 32 METOJIOM IOILAPOBOTO Mif-
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CYMOBYBaHHSI pO3paxOBYBaJIUCS Ui Haii-
OUTBIII HABAHTAKEHOI CTIHU OYIMHKY IIPH TJIH-
OuHi 3aknagaHHs d=2,0 m, MHUPUHI TiIOIIBH
¢bynnamenty b=2,0 m 1 cepeJHbOMY THUCKY Ha
migomBi - om=228 xlla.

Po3paxyHkoBa cxema il BU3HAYECHHS OCi-
JMaHHS TpejicTaBiieHa Ha Puc. 7, B Tabnmirsx
Ta6mn. 7 ta Tabn. 8 HagaHi JaHHI MiAPaXyHKIB
BEJIMYUH OCIIaHHS OCHOBHU SIK IO HITaMIOBUM
3aMipam, TaK 1 [0 MapKam.
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Tab6un. 7. Tabauwus At po3paxyHKy ocinaHHS QyH-
naMmeHTy (Ei-3a pe3yJibTaTaMH 3aMipiB IO MITaMITy )
Table 7. Table for calculating the subsidence of the
foundation (Ei-based on the results of
measurements on the stamp)
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Tabm. 8. Tabmutisa 1u1st po3paxyHKy ocimaHHs QyH-
nameHTy (E;-3a pe3yJbTaTaMu BUIIPOOyBaHb 110
MapKam)

Table 9. Table for calculating the subsidence of the
foundation (Ei-according to the results of tests by
brand)

OTxe, NpOBEAEHI YTOYHEHI PO3PaXyHKU
BEJIMYUH OCITaHHA S MIATBEPIXKYIOTh (DaKT
MiABUIIEHHS JOCTOBIPHOCTI BH3HAYCHHS Jie-
(dopmariii I[pyHTOBOi OCHOBH 1 HAOIFMIKEHHS iX
710 JTAHWX TIOJIbOBUX MITAMIIOBHX BHUIIPOOYBAaHb
TPYHTIB.
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BHUCHOBKH TA PEKOMEH/IALIIT

- MITBEP/PKEHO HASBHICTH 30HU 3M SITTS
TPYHTY Ha MeXi 31 IITaMIloM, siKa CKJIaJae
2-3 MMm;

- MATBEPIKEHO €PEKTUBHICTh MPOBEICHHS
KOMIIpECiifHUX BHUIIPOOYBaHHS TPYHTIB 32 yTO-
YHEHOI0 METOJUKOIO0 3 BUKOPHUCTAHHSM TBHH-
TOBHUX MapoK;

- IOBEJICHa MOJKJIMBICTh ITIIBUIIICHHS pe-
3yJNbTaTiB 1 BU3HA4YEHHS AepOopMaliiHUX I0-
Ka3HUKIB IPYHTIB 1 1edopmMaliiii OCHOB B IILJIO-
My Ha 20-25 %.

Jlnst migBUIEHHS HAAIMHOCTI PO3paxyHKIB
(yHIaMEHTIB HErJIMOOKOTO 3aKJIaJaHHS CIiJ
PEKOMEHAYBaTU TMPOBEACHHS KOMILJIEKCHUX
JOCIIJKeHb TPYHTOBUX YMOB, iX BCeOIYHMIA
aHayi3 1 MOTJIMOJICHHS HA PEriOHAbHIM OCHO-
Bi. OCOOMMBO 1€ CTOCYETHCS TOCIIIKEHb Jie-
COBUX TMPOCITAIOUYNX OCHOB 1 BCTaHOBJICHHS
nepexiHuX Koe(ilieHTIB 10 PO3paxyHKOBUX
MOyJiB nedopmarii.
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Influence of the effect of crumpling of clay soils
in compression tests on the determination of the
subsidence of the base

Oleksandr Piatkov,
Veronika Zhuk
Olha Poliukhovych

Summary. The effect of "compression error" -
the effect of crumpling samples of dusty clay soils
in compression tests - has been investigated exper-
imentally.

For this purpose, compression tests of sands
and loams were carried out on a special compres-
sion device with a ring area A = 360 cm® and a
height hy = 7 cm.

The second difference of this device is the pres-
ence in the upper stamp of holes with a diameter of
up to 5 mm for the installation of screw marks,
which were placed in clay soil samples at a dis-
tance of up to 5 mm from the contact surface be-
tween the stamp and the soil.

The modulus of deformation is the main defor-
mation mechanical characteristic of the soil. It is
known from practice that more reliable values of
this characteristic can be obtained by testing soil
bases with stamps in the field. However, when
designing the foundations of shallow foundation,
as a rule, apply odometric tests of soils in the la-

boratory on standard compression devices with a
ring area of 60 cm? and a height of h, = 25 mm by
the method of 2 curves [6]. To obtain the calculat-
ed values, the compression modules are corrected
using transient coefficients [7, 4].

And most importantly, when determining the
values of odometric laboratory modules, using
standard compression devices, the result is affected
by the "compression error”. That is, the initial data
for the calculated modules of deformation of the
engineering-geological elements of the base can be
significantly underestimated, which has been con-
firmed many times by complex pair (stamp-
odometer) studies of soils under compression.

Studies of soil compression in compression
conditions, conducted in the laboratory of founda-
tions and foundations of KNUBA [2] prove the
possibility of improving the results of odometric
tests of soils for compression, bringing them closer
to the strain.

Key words. Compression tests, odometer, de-
formation module, stamp, field conditions, crum-
pling effect, foundation subsidence, difficult soil
conditions.
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IMigxoau 10 BpaxyBaHHS TOPU30HTAJIBHHUX NepeMilleHb PyHIaMeHTIiB B po0OTi
JAepeB’sIHUX AapMOBAHUX BAHT

bozoan Jlemuuna’, Anopiii Kpaes’

'Hauionanenuii yrisepeurer «JIpBiBcbka ITomnitexnika»
Bys. Kapnincekoro 6, JIbBiB, Ykpaina, 79013,

bogdan195809@gmail.com, orcid.org/0000-0002-3498-1519

HariioHasbHa aka/ieMisi 00pa3soTBOPYOr0 MUCTEITBA i apXiTeKTypH
ByJ1. Bo3neceHncrkuii y3Bi3, 20, Kuis, Ykpaina, 04053,

andriy.kravz@gmail.com, orcid.org/0000-0002-9585-1654

DOI: 10.32347/0475-1132.40.2020.91-103

Amnoranisi. Jlocnimkero poOoTy mepeB’stHOT ap-
MOBaHO{ BaHTH Ha JIif0 PiBHOMIPHO PO3MOIiTEHOTO
0 BCil TOBXXWHI BaHTH HaBaHTaXeHHs. HaBeneHo
aHami3 pe3yJbTaTiB CTAaTUYHHX BUIPOOYBaHL Je-
peB’sHOT apmoBanoi Bantu cepii B/I-3.1. 3ampomno-
HOBaHO KPUTEPIl, 32 SIKUM JepeB’ THY apMOBaHy Ba-
HTY MOKHA paxyBaTH 32 TEOPi€I0 )KOPCTKUX HUTOK.

Hnst 3a0e3neveHHs] CTIHKOCTI 1 TeOMETPUYHOI
HE3MIHHOCTI KOHCTPYKIIiH, IO yTBOPEHI >XKOpCT-
KNMH HHUTKaMH, BRXKJIMBY pOJIb Bijirpae Bpaxy-
BaHHSI TTOIATIUBOCTI OTIOP, AKi CIIPUHMAIOTh TOPH-
30HTaJIbHI OMOPHI peakiii (po3mip BaHTH). Jedop-
MaIlisi OTIop KOPCTKUX BAHT BHKIIMKAE IMOSIBY 3HAU-
HHUX 3TMHAJbHHUX MOMEHTIB B TUIl BaHTH, a TaKOX
MIPU3BOUTH JI0 301IBIICHHS MPOTrUHY KOHCTPYKIIIT.
ToMy JOCHIDKEHHIO MOJATIMBOCTI OMOp, Mij 4ac
BUIIPOOYBaHb JIePEB'STHIX apMOBAHHUX BaHT Ha IO
PIBHOMIPHO PO3IMOAIICHOTO 1O TOBXUHI BAHTH Ha-
BaHTAXCHHS, IPUALISIACH OCOOJIMBA yBara.

JocimkeHo moaaTIMBICTh OIOp i Yac eKcrre-
pUMEHTATHHUX BHIPOOYBaHb JIEPEB’ STHIX apMOBa-
HUX BaHT. [IpoBeIeHO MOPIBHSHHSA OTPUMAHUX pe-
3yJbTATIB 3 PO3PaXyHKOBHM 3HAYCHHSM MOJATIIU-
BOCTI OTIOp, 0OYHCIIEHOTO BUXOASMIH 3 NehOpMaTH-
BHOCTI YCTAaHOBKH JUIs BUIPOOYBaHb BaHTOBUX
KOHCTPYKLIH.

[lepeBipeHO METOAMKH PO3paxyHKY MPOTHHIB
BaHT, SIKI BpPaxOBYIOTh MTOAATINBICTh orop. BusHa-
YEHO BIUIMB MOJIATJIMBOCTI ONOP HA IPOTHH BAaHTH.

Ha piBHi 3 mogaTnuBicTIO omop, Ha Aedopmaru-
BHICTh BaHTH BIUIMBaJia MOJATIIMBICTH BY3JIOBHX
3'eTHaHb JACPEB'THUX €IEMEHTIB BaHTH. Buxomsiuu 3
OO0 OYJIO JOCHIKEHO NehOpPMATHBHICTE 3’€]l-
HaHb JIepeB’THUX €IEMEHTIB BaHTU Ha METao3y0-
YaTUX I[UIACTMHAX Ta II BINIMB HA NPOTUH BAaHTH.
BBeneno koedinieHT AepOpPMATUBHOCTI 3’€IHAHB,
10 BPaxOBYBaB HEJIHIHHY 3aIEKHICTh fedopMariii

Boraan [lemunna
npodecop kadeapu
OyIiBeTbHUX KOHCTPYKIIiit
J.T.H., 1pog.

Amnppiii Kpas3
cTapmuii BUKiIazad kadenpu
OymiBebHUX KOHCTPYKIii

3'eIHaHb IEPEB'SHUX CJIIEMEHTIB BAaHTHU Bifl IPHUKJIa-
JEHOTO HaBaHTa)KEHHS.

VY 3B’s3KY 3 HEOOXIIHICTIO BpaxyBaHHS CIILTBHOT
pPOOOTH NIEpeB'STHOTO Tijla BAHTH Ta CTaJbHOTO Ka-
HaTy OyJI0 OOYHCIIEHO PO3PaxyHKOBI XapaKTepHC-
TUKU TIPUBEJICHOTO IIONEPEYHOro Tepepizy Jne-
peB’siHOI BaHTH, apMOBAHO1 CTATbHUM KaHATOM.

IIpoBeaeHo cTaTUYHUI pO3paxyHOK JEepeB'sTHOT
apMOBaHO{ BaHTH 32 TEOPIEI0 JKOPCTKUX HHUTOK Ta
CHIBCTaBJICHO PE3yJIbTaTH O0UMCIICHb 3 EKCIIEpUMeE-
HTaJBHUMU JAHUMHU.

Kiaro4oBi cjioBa: BHCSYI TOKPUTTS, JIepeB’siHI
BaHTH, XKOPCTKI HUTKH, MOJATIUBICTH ONOP, CTATH-
YHHUH pO3paxyHOK, HABaHTa)KEHHS, 3'€ JHAHHS Jiepe-
B'STHUX €JIEMEHTIB, METAI03y09aTi MIacCTHHH.

BCTVII

Bucsdi NOKpUTTS 3HAHIUIM IUPOKE 3aCTO-
CYBaHHSI IIPH CIIOPYKSHI KOHIIEPTHUX 1 BUCTA-
BKOBHX 3ajiB, IMPKIB, PUHKIB, CIIOPTUBHUX
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CIIOPY]I, @ TAKOX TPOMUCIIOBUX OyniBelnb. ba-
raTuii JOCBiA OyIIBHUIITBA BUCSYNX CUCTEM SIK
B YKpaiHi TaK 1 B IHIIUX KpaiHaX, Ta pe3yJb-
TaTH HAYKOBHX TEOPETUYHHX 1 EKCIIEPHUMEHTa-
JBHUX JOCITIKEHB TAl0Th MiCTaBy CTBEPIKY-
BaTH, 1110 JaHUN BUJl TOKPUTTIB € MEPCIIEKTUB-
HUM Ta IIKaBUM 3 TOYKH 30py HOTO ePEKTHUB-
HOCTI (Majoi Baru, a BiJMTOBITHO — HE3HAYHOT
LiHU) Ta apXITEKTYPHOI IPUBAOIUBOCTI.

Bucs4i KOHCTPYKIIii € OMHUMH 3 HAHO1IBII
€KOHOMIYHUX BHU/IIB TIOKPUTTIB, 3aBJISIKH TOMY,
110 BiJI 30BHIIIHHOIO HABAHTAXXEHHS WOTr0 HeE-
Cydl KOHCTPYKIIi TpaIlfOI0Th TEPEBAKHO HaA
posTar. Lle no3Bossie MakcUManbHO €(hEeKTUBHO
BUKOPHUCTOBYBAaTH MIIHICHI XapaKTEPHUCTUKU
pI3HUX BHIB cTayieid Ha po3Tsr. Lle ocobmuBo
BAXJIMBO TPU BHUKOPHCTAHHI BHUCOKOMIITHUX
MarepiajiB, TaKUX SK CTajb, 0a3aiabT, KapOOH.
Tomy BHCAYI TOKPHUTTS € OJHIEIO 3 HAMOLIBIIT
MEPCIEKTUBHUX KOHCTPYKTUBHUX (opM IS
3aCTOCYBaHHSI BITHOCHO JCIIEBITUX BUCOKOMi-
IIHUX CyYacHHX Martepiamis [1].

[loBHEe BHMKOpHCTaHHS HeECydoi 3aTHOCTI
BHCOKOMIITHOTO MaTepiajy Bene 10 3MEH-
LICHHS BJIACHOI Baru HeCy4oi KOHCTPYKIIIT 1, sIK
HACJIJIOK, JI03BOJISIE HAWO1IBII €PEKTUBHO TIe-
PEKPUBATH BEIUKI MPOJIHOTU. 31 301IbIICHHM
MPOJILOTY MEpPEeBark BHUCSUOI BEIUKOIMPOIbOT-
HO{ KOHCTPYKTUBHOI ()OpMU 301IbITY€THCS, IO
no0pe MiATBEP/UKYEThCS TPAKTUKOIO, JI€ BKE
icHy10Th MOCTH 3 npoisoToM 1000M 1 Oinbiie

[2].

AHAJIZ JITEPATYPHUX JAHUX TA
I[TIOCTAHOBKA ITPOBJIEMU

Haii6inbi panioHaJIbHUM THIIOM TOKPHTTS
JUTS] BEJIMKOTIPOIITHUX BUPOOHUYHUX Ta TPOMA/I-
CBKHX CIIOPYJ MO’KHA BB2)KATH BHKOPUCTAHHS
BHUCSYMX KOHCTPYKIIiH, B IKUX OCHOBHI HeCydi
€JIEMEHTH TPAIIOI0Th Ha PO3TSIT, IO JO3BOJISE
HalO1IBIT €EKTUBHO BUKOPHUCTOBYBATH iXHIi
BHUCOKOMIITHI XapakTepucTuku. OCHOBHUM He-
JIOJIIKOM BUCSYUX TOKPUTTIB € iX TiABHUIICHA
neOpMaTUBHICTh, IO BUKIUKaHA IOSBOIO B
HUX KIHEMaTHYHHUX MTEPEMIIIEHB 1 MPYKHIX J1e-
¢dopmariii. TakuM YUHOM, KITFOUOBOIO TpOOIIe-
MO0 3aCTOCYBaHHS BUCSUMX CHUCTEM € 3ajada
MiBUIICHHS 1X )KOpCTKOCTI. [0 uncia nepcre-
KTUBHUX HaIpsSMKIB IO BHUPIMICHHIO JaHOT

MpoOJIEMH BiTHOCATH PO3POOKY IMOKPHUTTIB 3
BUKOPUCTAHHSAM PO3TATHYTUX 3THHAIIBHO-XKOP-
CTKMX HHUTOK. Ha chOromHimmsii aeHp Haii-
OUIBII MIMPOKOTO 3aCTOCYBAHHS 3HAUIIIN KO-
PCTKI BaHTH BHWKOHAHI Yy BHIVIAII 3iCHYTHX
(depm Ta 3BapHUX 200 MPOKATHUX JBOTABPIB 13
MaJIoOBYIJIELIEBOI a00 HHU3BKOJIETOBAHOI CTaJll.
[IpoTe BUKOpUCTaHHS MaJOBYTJIELEBOT a00 HU-
3bKOJIETOBAHOI CTalli JUIsi BAHTOBUX KOHCTPYK-
11 B 3aMiH BUCOKOMIITHUX KaHATIB 3HWKY€E He-
Cy4y 3/aTHICTb IMOKPUTTS, OKPIM TOTO 3pOCTAE
BJIACHA Bara MOKPHUTTS, 1110 IPU3BOAUTH 10 301-
JBIICHHS BUTpAT MartepialliB Ha ycCi ONOpHIi
KOHCTPYKIIii.

Jnist pimeHHs i€l npo6yieMu MPOIIOHYEThCS
CIIJIbHE 3aCTOCYBAHHS JIEPEB’STHUX €JIEMEHTIB
Ta KaHATIB, KOJM YaCTHHY PO3TATYIOUUX 3Y-
CUJIb OYIyTh HECTH CTaJIEB1 KaHATH, 110 MAIOTh
BEJIMKHIA PO3paXyHKOBHH OMip Ha pO3TAr, a
cTabimi3anio BaHT OyAyTh 3a0e3reuyBaTu Je-
PEB’sHI €IeMEHTH, 3 JOCTATHBO BEJIHKOIO KOP-
CTKICTIO.

[lonepenHiM aHami30M JITEPATypHUX JIXKe-
pel1, BCTAHOBJICHO, 1110 TeMa JEPEB’SIHUX BAHT
JOCTiKyBanach Majo [3], xoua Takuii BapiaHT
301JIbIIIEHHS )KOPCTKOCTI BUCSYMX KOHCTPYKIIIH
€ JOCUTh €()EeKTUBHUM, OCKUIbKM HE 3HAYHO
301JIBIITy€E BJIACHY Bary MOKPUTTS Yyepe3 He3Ha-
4yHy 00’ €MHY Bary JiepeBUHH. MeTouKa J0Ci-
JDKEHb JIepeB’THUX apMOBaHUX BaHT IIOJaHa B
po6orax [4,5]. Pe3ynbratu excriepuMeHTaIb-
HUX JOCTIDKeHb MyOJiKyBaJuCh B pobOOTax
[6,7].

META POBOTU

MeTor0 AaHOTO TOCIiKeHHS OyB aHai3 pe-
3yJIbTATIB CTATUYHUX BUMIPOOYBAHb JEPEB’ THOT
apMOBaHO1 BaHTU. PO3paxyHOK KpUTEPIIO KOp-
CTKOCTI JUIsl MiAOOPY METOIUKH PO3pPaXxyHKY
JIEpeB’AHO1 apMOBaHOi BaHTU. Bru3HaueHHs no-
JATIMBOCTI Ormop Ta JaeopMaTUBHOCTI 3’€lI-
HaHb B 3aJICKHOCTI BiJl pO3MOPY BAHTH.

OCHOBHE JIOCJIJKEHHS

B rteopii Bucsumx cuctem [8] crepkeHb 3
MMPOBUCOM TIIJBIMICHUA 1O JIBOX HEPYXOMHUX
OMOp 1 HABAaHTAXCHUU TICBHUM HABAHTAXKEH-
HSM Ha3WBalOTh HUTKOIO. Tak sk OyIb-sKHit
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MaTepialbHUI CTEep)KEHb MA€ Ty YH IHIITY KOp-
CTKICTb, TO aOCOJIFOTHO T'HYYKHX HUTOK HE ic-
Hye. TUM HE MEHIIIE iCHy€e MOXIIUBICTh pO3pa-
XyBaTH HUTKY SIK THy4Ky. MeTOaH pO3paxyHKy
THYYKHX HUTOK JICTIO BiAPI3HSAIOTHCS BiJl METO-
JiB PO3paxyHKY >KOPCTKUX HHUTOK. J[isi Toro
mo0 BU3HAYUTH, SKUH METOJ pPO3PaxXyHKY
Kpale MiIXOAUTh JUIsl JOCHTIJKYBaHOI KOHC-
TpyKLii, OyB BUKOPHCTAHUH KPUTEPii KOPCT-
KOCT1 @, IKUl BU3HAYaBCs K BiTHOIICHHS Ha-
npyxeHHst 3ruHy (0,,) 0 HampyXeHHS pO3-
Tsiry (0}), 10 BUHUKAIN B CEPEANHI MPOIBOTY
BaHTH BiJl PIBHOMIPHO PO3MOJIICHOT0 HaBaH-
Ta)kKEHHS ¢.

— 9m 0
(p_JtSS/O’

(1)

OTpumaHe CHiBBIIHOIIEHHS J03BOJIWIO
MIPOBECTU MEXY (YMOBHY) MiXK THYYKHMHU 1 5KO-
PCTKMMM HUTKaMHU. SIKIIO 3HEXTYBaTH MOMMJI-
K010 B @ = 5%, TO HUTKA, Ky MOXXHA BBAXKATH
THYYKOI0, XapaKTepu3yeThes HepiBHICTIO (1).

JIns BU3HA4YEHHS PO3TATYIOUMX 1 3THHANb-
HUX HaIpyXeHb, Oyia po3risHyTa Oanka Ha
nox omnopax (puc. 1). Ilixg aiero piBHOMIpHO po-
3MO/IIJICHOTO HABAHTAKEHHS ¢ B CEpPEeInHI TPo-
JTbOTY OalKy BUHHMKAB «3TMHAIBHHID» MOMEHT,
0 PiBHUIA:

)

[Tpu ubOMy MPOTHH B CEPEIUHI MPOIBOTY
0aJIKy BU3HAYaABCH, SIK:

w, = 20 3)
q
Y —— Y
‘ e [=6m L

Puc.1. Po3paxyHkoBa cxema Oanku.
Fig.1. Beam calculation scheme.

BennunHa 3ruHanbHOTO MOMEHTY B Oaiii
Oyna mpomopiiiiHa BeNWYMHI 11 TPOTUHY.
Tomy, KO sIKUK HEOYIb CTEPKEeHb (HAIpH-
KJ1a/1 )KOPCTKA HUTKA) IPU BCIX 1HIIMX PIBHUX 3

0anKkoro mapaMeTrpax MaB mporuH f (puc. 2.),
3rMHATBHUI MOMEHT B CEpPelUHI IMPOIbOTY
IILOTO CTEePKHS M HaOyB BUTIISATY

f
My, = M, L, )
b
p
g
TVX VBT
HZ o H
05 N
A ~ S0 — B
~ _
VA w VB
[=6Mm

Puc.2. Po3paxyHKkoBa cxeMa BaHTH.
Fig.2. Stress ribbon structures calculation scheme.

PozpaxyBaBmm piBusiHHS (2) 1 (3), oTpm-
MaJu:

_ 4BEIf
T o512

M, )

PiBustnus (4) 1(5) 3anucadi BUXOASYH 3 TOTO
110 MOYATKOBO >KOPCTKA HUTKA OyJia MpsIMOJTi-
HIHOO, @ OTPUMAHUH MTPOTHH f BUKJIMKAB 3TH-
HaJIbHUIl MOMeHT M,,. HatoMmicTh, KOHCTPYK-
L0 JiepeB’sIHOI apMOBAaHOI BaHTH MU PO3IJIf-
JaNi SIK HATKY, B SIKiH HE BUHUKAJIO 3TMHAIb-
HUX MOMEHTIB BiJ] HOYaTKOBOT'O HABAHTAXXECHHS
g, OCKIUTBKY i1 00puc OyB 3a1aHHi 110 PIBHSIHHIO
KBaJIpaTHOI mapaloiiu, 10 BIAMOBIAAB IbOMY
HaBaHTaXeHHIO. JloJaTkoBe PIBHOMIPHO PO3-
MOJIIIEHE HABAHTA)XKEHHS p NMPU3BEJIO J0 MOsABU
nporuny w. Tozi 3ruHaIbHUNA MOMEHT B cepe-
IVHI TIPOIBOTY MPUOIM3HO BU3HAYABCS 32 PiB-
HSHHSM (5), TITBKH 3aMiCTh [ TICTaBISBCS W.

[1]

48EIw
My, = 512

(6)

HaTsr abcomoTHO THYYKOT HUTKH, HABaHTa-
JKEHOT PIBHOMIPDHO pO3MOJAUICHUM HaBaHTa-
KEHHSM p, BU3HAYaBCS, SIK:

M 12
H=2b_-P_

—2 = 7
2 )
Tax sik B )KOPCTKIN HUTILII OaTTOYHUN MOMEHT
M} 9acTKOBO cripuiiMaBcs sk 6ankoro (M), Ha-
TSAT )KOPCTKOT HUTKK NIPU HABaHTA)XCHHI p OYB:
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Mp—M. 12 48EI
— 27 Mm _ P 2OBW (8)

H )
f 8f  SI2f

Matouu dopmyiu (6) i (8), Oynu 3HAKICHI
HAMpy>XEHHS B CEpeIMHI MPOJIBOTY BiJ 3THHY
(om) 1 Bix po3Tsry (ov)

48Ehw
1012 °

g = Mm _ 48EIw _
mT oy T osiew

)

1e h — BUCOTa MepeTHHY HUTKHU (TIEPETUH CHMe-
TPUYHUI)

H 12 48EIw
O-t:Z::f_A_W’ (10)
Jlis nmojanemMx OOYMCIIEHb PO3PaxoBYyBa-
JHMCh XapaKTEPUCTUKU Mepepi3y AepeB’ sHOI ap-
MOBAHOI BaHTH:
[IpuBeneHa >KOPCTKICTH Mepepizy MpHU po3-
TATY OOUYHUCIIIOBAJIACH SIK CyMa PO3TATyBaJIbHUX
KOPCTKOCTEW JAepPEB’THOTO Tijla BAHTH 1 TPOCY:

EA =E,A, + E.A, = 0,905 - 107 - 4,64 -
1073 +15-107 - 1,52 - 1075 = 44272kH

Jlnis BU3HAYEHHS TNPHUBEACHOI >KOPCTKOCTI
repepizy NMpu 3THHI BU3HAYABCS IICHTP Baru Ie-
pepizy Ta BUKOPHCTOBYBAIHUCH (hOPMYITH Tepe-
HOCY OCel 3 BpaxXyBaHHSM MOJIYJIIB IIPY>KHOCTI
eneMeHTiB [9].

__bh® _ 0,032:0,1453

lyzy = = = 2= = 8,13-10~°u*

nd* _ m(581073)* -

lop, =2 =ZG8 D _ q11-10710m*
2 32 32

ITonoxeHHs LHCHTPY Baru BU3Ha4aJIoCs 3 pi1-

BHAHHSA:

— yclAW+yC2aAC
Ye Ap+adc
_ 0'4,641073-84,5:1073-16,57-1,51-107>

¢~ 4,64:10-3+16,57-1,51-10~5

Ye = —43-1073m

Jie & - CIIBBIAHOIICHHS MOJIYJIIB IPY>KHOCTI
TpOCY Ta JiepeBa:

E. _ 15-107

a= =—
Ey  0,905-107

= 16,57

MoMeHTH iHep1ii eIeMEHTIB BiJTHOCHO IEH-
TPy Bard nepepizy BU3HAYAIKCh 3a JOTIOMOTOI0
(hopMyIT IepeHocy oceii:

Lyze = Ly + %4, = 8,13 1076 +
(4,3-107%)2-4,64-1073 = 8,22 - 10~°m*

Iege = 1o+ ay?A, = 1,11-1071° +
(80,2-1073)2-1,51-1075 =9,72- 10~ 8m*

[IpuBeneHna >KOPCTKICTh Tepepizy  Je-
peB’sIHOT apMOBaHO{ BaHTH MPH 3TUHI:

El = Eylyy, + Ecley, = 0,905 - 107 -
8,22-107°+15-107-9,72-1078 =
88,97kH/m

Tabm.1. CxeMa Ta XapaKTepUCTUKH ITOTIEPEIHOTO epepi3y AepeB’ SHOI apMOBAaHOI BaHTH.
Table 1. Scheme and features of cross section of stress ribbon timber structures.

Cxema XapaxkTepucTuKa ITo3n. | HepeBaw | Tpocyc |IIpuBenena |On. Bum.
ye [Iupuna b 0,032 - - M
Bucora h 0,145 - - M
) ; — . 1073 —
o % Hiametp d 58-10 M
L | Inoma A |464-107%(1,52-107° | 4,89-1073 | wm?
Zc MowmeHT iHepuii 1 8,13-107°(1,11-1071°| 9,83-107° m*
> o MowmeHT onopy w 1,12-107* - - m3
% &
o ; -107 . 107 — 2
S 4 Mouyiib OpyKHOCTI E 0,905-107 | 15-10 kH/M
f;l 7> JKopcTkicTs npu 3ruHi EI 73,57 0,017 88,97 kH/m?
b%z XKopeTkicTb Ipu po3TATY EAq 41992 2280 44272 kH
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Jlyist poOOTH KOPCTKUX HHUTOK BEIIMKE 3HA-
YEeHHs Ma€ TOJaTIuBICTh onop. Ha BiaMiHy Bif
THYYKHX HHTOK, JedopMariisi onop mija HaBaH-
TQXXCHHSIM CYTTE€BO 3MIHIOE€ HANPYKCHUI CTaH
KOPCTKUX HUTOK, CHUIBHO 301IBIIYIOUH PO3pa-
XYHKOBHI 3THHAIbHUNA MOMEHT B HHX. Biamo-
BIJIHO TaKO>X CHJIBHO 30LJIBIIYETHCS PO3PaXyH-
KOBUH IPOTHUH.

30mmkeHHs onop A Ta B (puc. 3) BU3Haya-
JIOCh SIK CyMa TOPU30HTAIBHOTO MEpPEeMillleHHs
omopu A (v,) Ta onopu B (vp):

vV=v,+vp

2we10=0,1m

Vol
|

Dy
[1111010:0, -»(-0, 1 :0,3«14

Puc.3. Cxema crenny st 3amipy 1 0OUUCIIEHHS
MOJIATJIMBOCTI OIOpP.

Fig.3. Scheme of the test bench for measuring and
calculating the pliability of supports.

Po3spaxynkose 3snauenns noJaTauBOCTI OTIOP
BU3HAUanocs Sk cyma nedopmaiiii eIeMeHTiB
YCTaHOBKH JJIsl BUTIPOOYBAHHS BiJl 3yCHIIIS pO-
3nopy H = 1kH:

vtheOT - Al]_uBZO + AlD3 + Al%mlo + Al]i[BlO

HlLLIBZO _ 1-6 _

EAygzo  21107-2:2,34-10-3
— M

6,1-107° —; — 3MEHIICHHS IOBKHHHU Oayku
K

Ac AlI.LIBZO =

crerny 1 (puc. 1) Big 3ycumis posnopy H =
1kH;

Alps = 10‘5% — nedopmMartisi KiJIbLIEBOTO
nuHamMoMeTrpa D3 Bin 3ycwiuis posnopy H =
1kH;

1 _ Hllsio _ 10,3

Alypio = EAY.., 21107-2:1,09-1073
10‘7% — 3017BIIEHHS JOBXKUHH BIOTSKOK 2,

=6,6-

110 MepeaaBaiu po3mip Ha guHamomeTp D3, B
niepepisi 2-2 Bix 3ycusuis posnopy H = 1kH;

_ 1-0,1 —31
T 21-107-2:0,78-10-3

2
Al2 _ Hljgio
wBl0 — 2
EAI.LIBlO

10_7% — 30UIBIICHHS TOBXHHH BIOTSDKOK 2,
IO MepenaBaiv po3mip Ha aquHamomerp D3, B
nepepisi 3-3 Big 3ycwis posnopy H = 1kH;

ytheor = 61.107¢+10"54+6,6-10"7 +
3,1-1077 =1,71- 10-5%

Excnepumenmanvhi 3nauents moaaTIMBOCTI
OIIOPp BU3HAYAIIUCA SIK cepenHi 3HAYCHHA 1104Aa-
TIUBOCTI omop AB mo BCiX eTamax 3aBaHTa-
JKCHHAL.

n exp

JIe N — KIJIBKICTh €TaliB 3aBaHTAKCHHSI;

ey AAB
AD,

Vin =

ne AAB, M — 3051KeHHS OTIOp 3a OJIMH eTan
3aBaHTa)XE€HHSA. Bu3Havanmock 3a moOKa3aMu
nporunomipis 6ITAO (3) (puc. 3), 3akpimieHnx
Ha METaJIeBOMY CTEpHI ONOPHOro By3Jla Ba-
HTH Ha onopi A. [Hma Touka Oyja 3akpirieHa
Ha METaJIeBOMY CTEp HI ONOPHOrO By3Ja Ba-
HTH Ha onopi B;

AD;, xkH — 30u1blLIEHHS] pO3MOPY BaHTHU 3a
OJIMH €TaIl 3aBaHTa)XCHHS, BUBHAYCHUH 5K pi3-
HUIIS [T0Ka31B AMHaMoMeTpa Ds.

Ta6n.2. 30mmkenHs onop A ta B
Table 2. Convergence of supports A and B

Vo6 \/kH 6,19E-05

vexP8 \/xH 7,52E-05

ve*P10 \i/kH 6,37E-05

ve*P11 v/xH 6,94E-05

Vexp(ave‘r)’ m/xH 6,75E-05

ytheor wvi/xH 1,71E-05

Av = yexpcep) _ yteor il 5,04E-05

CranpapTHe BigxuieHHs S, M/kH 0,60E-05
Koediuient Bapiauii C, % 8,89%
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vexpé' 1/expB’ vexplo’ vexpll 36IMKCHHS

OTIOp AJIS BIATIOBITHUX BUTIPOOYBaHb (N6, No§,
Nel0O, Nell). Ik 6aunMo 3 TaHUX, HABEJCHUX B
TabnuIl 2, B yciX BUMPOOYBaHHSAX EKCIIEpPUME-
HTaJIbHE 3HaYCHHSI 30JFKEeHHsT onop OyJio CcyT-
TEBO OUTBIINM HiXk po3paxyHkoBe. [Ipore koe-
¢imienT Bapiarii 3Ha4eHHs 30JMKEHHS OTIOp B
exkcriepumenTax C = 8,89% < 10%, mio cBia-
YUTH TIPO TIOCTOBIPHICTH PE3YyJIBTATIB €KCIIEPH-
MEHTAIBHUX JOCTIIKEHb MOJATINBOCTI OMOP
JepeB’ STHUX apMOBaHUX BaHT. [[yis momanbmmx
pO3paxyHKiB OyJ0 NPUNHATO CepeaHE 3Ha-
YEeHHSI eKCTIEPUMEHTAIBHOTO 30JIMKESHHS OTIOp
ATtaB:

yexpaver) — ¢ 75. 1075 w/kH.

[Iporun nepeB’siHOI apMOBAaHOI BaHTH B Ce-
peanHi mponsoTy (W) BiJ AOJATKOBOTO HAaBaH-
TaxeHHs (p=6kH/mM) obuucitoBaBcs 3rilHO Me-
TOJWKH, OTTMCAHOI B [6].

Ilepuwa memoouka po3paxyHKy npoSUHY.
[Iporun nepeB’sitHOI apMOBaHOi BaHTH B cepe-
nuni nponsoty (wi°T) Bin momatkosoro Ha-
BaHTaxeHHs (p=6KkH/M) oOumcntoBaBcsi BUXO-
JS9M 3 BEITUYMHU BUIOBKEHHS CaMOi BaHTH

[8].

31

theorl _ 2~
= ALy, 670

w

(11)

Aan = AL +vH + uN, (12)
NL .
AL = +, — BUTIOBXKEHHS BAHTHU B1/l HABAHTA-
JKCHHS,
8 f2 8 0,52
L=l4+--"=6+--—=06,1111M -
3 1 3 6

II04YaTKOBA AOBXXHWHA BAHTU,

N = VH? + V? — mo310BXHE 3yCHIUIA, IO
BUHUKAE y BaHTI BiJ JOJaTKOBOTO HAaBaHTa-
xeHHus (p, kH/m);

I 66
V= p? == 18, xH — BepTukanbHa ormno-

pHa peaxiiis;

/ = 6M — IpOJIIT BaHTH;

fo = 0,5M — mouyaTkoBa cTpijia MPOBUCY B
cepenuHl MPONbOTY BiJ MOCTIHHOTO HaBaHTa-
KECHHS g, M0 HE BUKIHMKAJIO TOSBU 3THHAIb-
HOTO MOMEHTY BaHTH;

v=v,+vp =675-10"°, m/kH — ekcrme-
pUMEeHTANIbHE 3HAYEHHS 30IMKeHHs onop A Ta
B Big AH = 1kH;

U= 2us+ 4y, — TONATIMBICTH 3’ €THAHB
JepeB’sHUX eneMeHTiB BaHTH Big AN = 1kH;

ne us = 107°m/xH — excrnepumeHTanbHe
3HAUEHHs MOJATIMBOCTI ONOPHOrO By3Na Jie-
peB’sHOi BanTH Bigx AN = 1kH;

Uc — TOJATIIMBICTh OJHOTO 3’ €IHAHHS JIe-
peB’siHuX eneMeHTiB BaHTH Big AN = 1kH, Bu-
3HauYEeHa 32 Pe3yIbTaTaMU eKCTIEPUMEHTAIBHUX
JOCITIIDKEHb Ha PO3TAT 3’€IHAHb JEPEB’STHUX
€JIEMEHTIB Ha METal03yO0uacTHX IUIACTUHAX

(M3II) (puc. 4):

“ A=0,0003N2-0,0004N |

R?=0,9847

—flepeB'AHUIA eNemeHT

30BHIIHE HAaBaHTaKeHHA N, KH

cepefHe 3HayeHHa no A3

" e 1epOPMATUBHICTb 3'€AHAHHA

++++ MMonHoMManbHanA (AepopmMaTUBHICTb 3'€AHAHHA)
1 1 * —

0 1 2 3
Abcomotsi nedopmani A, MM

Puc.4. Jlebopmartis 3’ exaannas aa M3I1.
Fig.4. Deformation of the connection on punched
metal plate fasteners.

AbcomotHi nedopmarii 3’equanns (A) Bu-
3HAYaIIUCh 3a KBAJPATUYHOK 3AJICKHICTIO BiJl
po3Tsaryrodoro 3ycwis N, 3 rpadika nedopma-
uii gocmignux 3paskis [3-1.1 — [13-1.4. [7].

A= 0,0003N2 — 0,0004N, MM
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) ) ) ,

BianoBinHo, MOATIMBICT 3’€IHAHHA Jie-
peB’saHuXx eneMeHTiB BaHTH Big AN = 1kH Bu-
3HAYAJIACh:

A
;=310 N —4-107m/xH

He =

Jlist oOuncieHHsT BUIOBXKEHHS HUTKU (AL)
PO3PaxOBYBABCS B nepuiomy HAOIMKECHI PO3ITIp
nepeB’siHOT apMoBaHoi BaHTH (H), SIK 11 THY-
9YKO1 HUTKH 32 PIBHSHHSIM:

gooPL_06
1= gF Tgog HKH/M
N, = |[H? +V?2 =./542 + 182 = 56,92kH
o ML _s692-61111
VSEA T T 24272 M

ALyy; = ALy + VHy + puN; = 7,86- 1073 +
6,75-1075-54+ (2-10°+4-(3-1077 -
56,92 —4-1077)) - 56,92 = 0,0154m

3 6
theorl —
=0,0154- _16 —0 z 0,0347m

= 34,7MM;

Po3nip koHCTpYKLii B Opyeomy nmpubImKeHi
oOuuncoBaBcs 3a piBHAHHSM (8), 3 BpaxyBaH-
HAM, O f = fo + w:

H, = pl?  48EIw _ 662
27 gf 512f  8(0,5+0,0347)
48-88,97-0,0347

= 48,96kH/m

562:(0,5+0,0347)

N, = /sz +V? =,/48,962 + 182

= 52,16xH
oMl _s216061111
25 FA T aa272 7V M

ALHpZ = ALZ + VHZ + #NZ = 7,20 b 10_3 +
6,75-107>-48,96 + (2-107%+4-(3-
1077-52,16 —4-1077)) - 52,16 = 0,0138m

wiheorl = 0,0138 - 3.6 _ = 0,0310m
16 0,5

= 31,0MM;

Po3mip xoHCTpYyKLii B mpembomy mpuodIN-

JKEHI:
__ pl®  4BEIw _ 6-62
37 8f  s12f  8(0,5+0,031)
48-88,97-0,031
= 49,46xH /M

5-62:(0,5+0,031)

N; = /H§ + V2 =./49,462 + 182

= 52,63kH
AL 2 NaL _ 52,63-6,1111 _ 103
3T EA T 44272 " M
ALyys = ALz + vHs + Ny = 7,27 - 1073 +

6,75-107°-49,46 + (2-107¢ + 4- (3~
1077 -52,63 —4-1077)) - 52,63 = 0,0142m

Wtheorl

16 05 = 0,0320Mm

= 32,0MM;

HaBenennii BapiaHT pO3paxyHKy MPOTHHY
HEeIYXKe 3pYYHUN, OCKITBKUA 3HAXOIUBCS Yepe3
posmip BaHTH H, kUil TakoX OyB HEBIJIOMHIA.
BinnoBigHo, HEOOXiTHO OYJI0 BUKOHYBATH 00-
YUCJICHHS JCKIJTbKa pasiB.

Lpyza memoouka po3paxyHky npocumny. Po3-
PaxyHKOBI 3HaUY€HHS MTPOTHHIB BU3HAYAIUCH 32
[8], meronuka BenenukoBa I'.C. — TenosiHa
A.JI. 13 KyOI14YHOTO PIBHSTHHS:

A,w3 +B,w?+B,w+T, =0.

Jlng npubnu3HOro po3paxyHKy KyOIYHUM
(A,w3) i xBagpatnum (B,w?) dieHoM piB-
HSIHHS HexTyBasiocs. Tofl oTpumanu JiHiNHHY
(dbopMyIy A BU3HAUCHHSI IPOTHHY

Wtheorz — g_:’ (13)
1 pl*
n =G0 g (14)
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—8kac2 191"
B"_15m1f° +80E1f0+1' (15)

ne g=0.024xH/m — TIOrOHHE HaBaHTAXCHHS
BiJl BJIACHOT Baru KOHCTPYKIIii,

m — Koe(ili€HT TOBXKUHU HUTKU:

0,2222
6

m=1+2=1+ = 1,037, (16)

ne @, - xapakTepucTHKa NOYaTKOBOTO 00-
pHUCY HUTKH:

_16f¢ _ 160,52

D, = 5L = e = 0222w, (17)

cos3p .. .

k =— S5 - KOE]IIIEHT, AKUH
1iﬁ(V+H+H—HO)

BpPaxoBYe€ piBEHb PO3TAIIyBaHHS O1op Aedop-
MaTHBHICTb OIOp, NOJATIUBICTb 3’ €HAHb Je-
PEB’SIHUX €JIEMEHTIB 1 3MiHY TeMIlepaTypH;

cos3B = 1, ocKiNbKM ONMOPU PO3TAILOBAHI
Ha OZHOMY DiBHI;

v=v,+vp=675-10""m/kH - excrne-
pUMEHTAaIbHE 3HAYEHHS 30JIM>KEeHHS orop A Ta
B Bin AH = 1kH;

u=2us+4u,=2-10"°+12-1077-

N — 16 - 10~7m/kH, - nomaTnuBicTh 3’€IHAHb
nepeB’stHuX eneMeHTiB BaHTH Bim AN = 1kH.
Ockinbky  1eOpMaTUBHICTh 3’€IHaHb Je-
PEB’SIHUX €JIEMEHTIB BaHTU Mae€ HENiHiiHY 3a-
JISKHICTB BiJl PO3TATYIOYOTO 3yCHIIIS y BaHTI,
JUTSI yHUKHEHHS IOBTOPHUX PO3pPaxyHKiB, 3HA-
YyeHHs N, NpuiiMaauch 3 MONEPEIHbOI METO-
UKW PO3paxXyHKY MPOTHHY:

u=2-10"+12-10"7-52,63 — 16
1077 = 6,35 - 10~ °m/kH;

ptl = 0 — remnepaTypHi nedopmariii BaHTH
(mpuiitmManucs piBHI HYJIIO, OCKUTBKH BHIIPOOY-
BaHHs MPOBOJMINCH IPU MOCTINHIN Temmepa-
Typi).

1
(6,751075+6,35-1075)

=0,518

44272
1,037-6

1+

_ 805184891073 ., 1 00246*
Bn - 15 1,037-9,83-10‘6 0'5 + 80 88,97-0,5 +
1= 33,94
roo .66 = 1,093
n~3g0 8897 M
wtheor2 — 1,093 = 0,0322M = 32,2MM

33,94

Jns po3yMiHHS BaKJIMBOCTI BpaxyBaHHS
MTOJIATIIMBOCTI OTIOP Ta 1e()OPMATUBHOCTI 3’ €]1-
HaHb JIepEB’ THUX €JIEMEHTIB, Ha rpadik Iporu-
HiB OyJIM HaHECEHI TEOPETHYHI 3HAYCHHS TPO-
THHIB ZIepeB’sSTHOI BaHTH NIPU YMOBI, IO OIIOPH
Oymu abcomoTHo Hepyxomi wV=° mo Banta
OyJla BUTOTOBJICHA 3 IIJIbHOI JEepeBHHH, 0€3
3’eqnanb WH=0, a Takox 3 BpaxyBaHHAM KX
IBOX YMOB oHO4YacHo WY*=0 (puc. 5).

Jlyist aHaumizy pe3ysbTaTiB eKCIIePUMEHTAITh-
HUX JOCII/DKEHb NPOTHHY JIepeB’ THOT apMOBa-
HOI BaHTH 3HAYEHHS NMPOTHHIB BiJl PIBHOMIPHO
PO3IOIIEHOTO JIOaTKOBOTO HABaHTAKCHHS
p = 3kH/m ta 6kH/M Oynu 3anmcani B Tab-
JIUIIO 3.

Ta6n.3. [TopiBHIHHS PO3paXyHKOBUX Ta €KCIIEPH-
MEHTAIbHUX 3Ha4€Hb IIPOTVHIB BAHTU

Table 3. Comparison of calculated and
experimental values of cable deflections

Haganrtaxenns p = 3kH
I[Mporux wtheorl w A
wtheor2 14,3 1,1%
B/1-3.1.0 16,4 -13,7%
BJI-3.1.1 14,5 -0,5%
B/-3.1.2 14,4 14,6 -1,1%
wv=0 10,5 27,1%
wh=0 12,4 14,1%
wYH=0 8,3 42,7%
Haganrtaxenns p = 6xH
wtheor2 32,2 -0,4%
B/-3.1.0 34,7 -8,3%
B/-3.1.1 32,2 -0,4%
BJI-3.1.2 32,0 29,8 7,1%
wV=0 24.4 23,9%
wh=0 243 24.3%
wYH=0 15,8 50,6%
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[TopiBHSHHS TIPOTHHIB BaHT BHKOHYBAJIOCh
BiJIHOCHO 3HAYEHHS MIPOTHHIB
w0l pospaxoBaHMX 3a MEPLIOI0 METOIMKOIO
po3paxyHky [8]. [Iporuau oGuwmcieHi 3a JIpy-
T'OI0 METOJIMKOIO PO3paxyHKy w €72 3 toyni-
CTIO0 710 2% BINOBIIalOTh 3HAYCHHSIM 00YHCIIe-
HUX TI0 TIepiIii Metoauii. MakcuManbHe BiJl-
XWJICHHS EKCIIEPUMEHTAIbHUX MPOTHHIB BiJ
TEOPETHYHHX 3Ha4eHb Oyio B mexax 13,7%,
10 HE TIEPEBUIIYBAJIO JOMYCTUMOIO 3HAYECHHS
15%. Xopomia 301KHICTh €eKCTIEpUMEHTAIBHUX
1 TEOPETUYHUX MPOTHHIB CBIAYMIIA IPO TPUAA-
THICTh 000X METOIMK PO3PaxXyHKy Ta

BBEJICHOTO KOCQIIIEHTY IMOAATIUBOCTI 3’ €JI-
HaHb JIEPEeB’SIHUX €JeMEHTIB BaHTU. [Iporunu
BaHT, IIPH PO3PAXYHKY SKUX HE BPAaXOBYBAIUCH
301MKeHHS omop Ta/abo aedopmariii 3’€qHaHb
JIepeB’ SIHUX €IIEMEHTIB, CyTTEBO BIAPI3HSIHCS
BiJl MPOTHHIB BU3HAYEHUX B XOJ1 €KCIIEPUMEH-
TaJbHUX BUMPOOYBAaHb Ta TCOPCTHUYHUX 3HA-
YyeHb, OOYHCIIEHUX IO HABEIEHUX METOIMKAX.
Po36ixnicTh cknanana 1o 50,6%. o cBigumino
PO HEOOXITHICTh BpaxyBaHHS TOJATIMBOCTI
OIop Ta 3’€IHAHb JIEPEB’STHUX EJIEMEHTIB Ba-
HTH.

Hasantaxenns p, kH

1,0

2,0

10

sy

preeer? P

15

3,0

4,0 5,0 6,0

[Tporunn w, MM
N N
w o

w
o

e
AWteor2 LY ABA-3.11
.| —— B30 —— BIBLI  —e— BAS312 L e
—— WT=1/2001 —o— wieort wreers
40 - = =0 - - H0 wVH=0

45

Puc. 5. I'padix HapocTaHHS IPOTMHIB BAHTH B CEPEANHI MPOIBOTY Bil JOAATKOBOTO HABAHTAXKEHHS .
Fig. 5. Graph of increasing cable deflections in the middle of the span from additional load p.
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[TimcTaBUBIIM 3HAYEHHS TPOTHHY 1 PO3-
1opy OOYMCIIOBANINCS 3THHAIBHI 1 pO3TATY-
104l HAmNpyXEHHS B MOMEPEYHOMY Tepepisi
BaHTH:

_ 48 0,905~ 107 - 0,145 - 0,032

9m =70 62
= 5598kH /M2
_ 1946 _ 10115kH/m?
%t =%489-103 KH/m
_ Opm 5598 100% =
¢ =% 10115 0=

=5535% > a =5%

OTxe, DOCHIKYBaHy JEpeB’sIHy BaHTY
BBAXKaJM JKOPCTKOK HUTKOW. I[lomanbiimit
PO3paxyHOK BaHTH MPOBOJIMIIM SIK AJIS XKOPC-
TKOI HUTKH.

BukopucToByoun Teopilo po3paxyHKY
KOPCTKHX HUTOK, OyB BH3HAUEHHWH pPO3IIip
(HtheoT) B nepes’sniii apMoBaHiii BaHTI Bin
PIBHOMIPHO PO3IOAIJICHOTO JOAATKOBOTO Ha-

BaHTaXCHHA p = 3kH/M Ta 6kH/m (Tabmn.4).
theor — ﬁ _ 48Elw
H T 8f  si2f°

Po3paxyHKOBE 3HAY€HHs BEPTHUKAIBLHOI
onopHoi peaxii (V £*¢°") 6ymo obuncneno 3a
dbopmyItor0:

ytheor — pl
2

Ta0:. 4. Po3paxyHKOBI Ta eKCIICPUMEHTAIBHI
3HAYCHHS OTIOPHUX PEAKIliii BAHTH

Table 4. Calculated and experimental values of
the support reactions of the cable

Posmip (ropu3oHTaIEHA PEAKITis)
p, kH | Htheor yH | H®*P xH AH, %
3 25,69 25,04 2,6
6 50,15 49,88 0,6

Issue 40
BeprtukanbpHi peakiii
» H VtheOT’ ‘{:XP’ VBeXp’ AVA, AVB,
’ kH kH kH % %
3 9,00 | 8,66 | 9,04 39 -0,4
6 18,00 | 17,58 | 18,22 | 2,4 -1,2
ExcriepuMeHTanbHi 3HAUYCHHS peakuin

orop st BaHTH Mapku BJ/I-3.1.2 Oynm Bu-
3HaYeHl 3a M0Ka3aMu BCTAHOBJIEHUX Ha OIO-
pax quHamometpiB D1, D2 (BepTukanbHi pea-
kuii V7P, V7*P) ta D3 (posnip koHCTpyKIii
H®*P) (puc.6).

Puc. 6. Po3ramryBaHHs JHHAMOMETPIB Ha CTEHI
JUTSI BATTPOOYBaHb.
a) cxema b) BUIJISLI i [9ac eKCIIEPUMEHTY
Fig. 6. Location of dynamometers on the test
bench.
a) scheme b) view during the experiment

Amnanisytoun pospaxynkosi (H¢°T) ra
EKCIIePUMEHTAJIBHI JIaHI 3HAYCHHS PO3IOPY
(H®*P) pocmimkyBaHol AepeB’stHOI BaHTH
(Tabm. 4.) (puc. 7) 6yB 3po0aeHU BUCHOBOK
PO BUCOKY 30DKHICTH PO3paXyHKOBHX Ta
eKCIIEpUMEHTAJIbHUX pe3ybTaTiB (10 3,9%),
a 11e 3aCBIIYMJIO TPO MPUAATHICTH BKa3aHOI
METOAMKH PO3PaxXyHKY KOPCTKUX HUTOK TSI
JOCHIKYBaHUX ~ JICPEB’SIHUX  apMOBAaHUX
BaHT.
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Puc. 7. Po3paxyHKOBi Ta eKCIIEpUMEHTAaJIbHI 3HAYEHHsI OIIOPHUX PeaKIiil.
Fig. 7. Calculated and experimental values of the support reactions.

BUCHOBKM TA PEKOMEH/IALIIT

1) Jlns po3paxyHKy TOCIiIKYBaHUX JIe-
PEB’SIHUX apMOBaHUX BaHT MO)KHA BUKOPHC-
TOBYBAaTH  KpUTEpii  JKOPCTKOCTI @ =
55,35%, 3a IKUM BOHH BiJTHOCSTBCS JI0 YKOP-
CTKHX HHUTOK. TOMy iX po3paxyHOK HE0OXi-
JTHO TIPOBOJUTH 32 TEOPIEI0 PO3PAXYHKY KO-
PCTKHX HHUTOK.

2) Bucoxka 301KHICTh PO3paxXyHKOBHX 1
eKCTICPUMEHTAIBHUX 3HAYCHb OMOPHUX pea-
KIIi CBIAYUTH TPO TPHUIATHICTH METOIUKU
PO3paxyHKy AepeB’IHOI apMOBAHOI BAHTH, SIK
JKOPCTKOI HUTKHU.

3) 3actocyBaHHS B TUNl BaHTH Jie-
PEB’SIHUX €JIEMEHTIB I 3a0e3MeUeHHS JKOP-
CTKOCTI BaHT € JOLIIJIbHUM.

4) OOuaBi METOAMKH PO3PAXYHKY IPO-
TUHIB, 110 PO3TJISAIAIUCS B pOOOTI € IPHUIAT-
HUMHU JIJIS pO3PAXYHKY MPOTHHIB IEPEB’ STHIX
apMOBAHHX BaHT.

5) HapoboTy 5KOpCTKHX HUTOK, SIKUMH €
JIOCJTIJDKYBaH1 IepeB’ siHI apMOBaH1 BAHTH CH-
JHHO BIUIMBAIOTH MOJATIMBICT OMOP Ta 3’ €11~
HaHb EJIEMEHTIB JIEPEB’THUX BaHT.
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Approaches to taking into account horizontal
movements of foundations in the work of
wooden reinforced cables

Bohdan Demchyna,
Andriy Kravz

Summary. The behavior of a wooden stress
ribbon structures reinforced with steel rope under
the action of a load evenly distributed along the
entire length of the cable was investigated. The
analysis of the results of static tests of the wooden
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reinforced cable of the VD-3.1 series is given. A
criterion is proposed according to which a
wooden stress ribbon structures reinforced with
steel rope can be considered according to the
theory of rigid threads.

To ensure the stability and geometric
invariance of the structures formed by rigid
threads, an important role is played by taking into
account the pliability of the supports that perceive
the horizontal support reactions (spacing of the
cable). Deformation of the supports of rigid
cables causes the appearance of significant
bending moments in the body of the cable, and
also leads to an increase in the deflection of the
structure. Therefore, special attention was paid to
the study of the pliability of supports during the
tests of wooden stress ribbon structures rein-
forced with steel rope to the action of a load
evenly distributed along the length of the cable.

The pliability of supports during experimental
tests of wooden stress ribbon structures rein-
forced with steel rope was investigated. The
obtained results are compared with the calculated
value of the pliability of the supports, calculated
based on the deformability of the installation for
testing cable structures.

The methods of calculating the deflections of
the cables, which take into account the pliability
of the supports, were tested. The influence of the

pliability of the supports on the deflection of the
cable is determined.

At the level of the pliability of the supports,
the deformability of the cable was influenced by
the pliability of the nodal joints of the wooden
elements of the cable. Based on this, the
deformability of the joints of the wooden
elements of the cable on the punched metal plate
fasteners and its effect on the deflection of the
cable were investigated. The coefficient of
deformability of joints was suggested, which took
into account the nonlinear dependence of the
deformation of joints of wooden elements of the
cable on the applied load.

Due to the need to take into account the joint
work of the wooden body of the cable and the
steel rope, the calculated characteristics of the
reduced cross section of the wooden cable
reinforced with steel rope were calculated.

A static calculation of a wooden stress ribbon
structures reinforced with steel rope according to
the theory of rigid threads is performed and the
results of calculations are compared with
experimental data.

Keywords: Suspension roof, wooden struc-
tures, rigid threads, stress ribbon, pliability of
supports, static calculation, load, punched metal
plate fasteners, connection of wooden elements.
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AHoTanisi. Y cTaTTi pO3rsHYTO KamiTadbHUN
PEMOHT 3ai300€TOHHOTO MOCTy B M. bapBiHKOBe
XapKiBChKOiI 00J1. 3 TTOBHOIO 3aMiHOIO TIPOTOHOBUX
OynoB. IIporoHoBi OyJqOBH BCTaHOBIIOBAIHCS Ha
ICHYIOUi OTIOpPH, BiZICTaHb MK OCSIMH SIKMX CKJIa/Ia€
14,06M (HecTaHmApTHHUU MPOTOH). TakuM YHHOM,
HOBI OaJIKu HEOOXIJTHO BUKOHYBATH 3a OCOOJIMBUM
(iHOUBiZyambHUM) MPOEKTOM. TakoXX HE MEHII
BaXJIMBUM € IMUTAHHS 3MEHLICHHS BJIACHOI Baru
KOHCTPYKIii, IO TMO3UTUBHO BIUIMBAaTHME Ha
icHyI04i ()yHAaMEHTH, 3MEHIIYIOYH THCK Ha TPYHT
Ta, 32 MOJKJIHMBOCTI, PO3BaHTaKyBaTUME
(dbyHIaMEHTHY YacTHHY cIopyau. B skocTi HOBOL
MPOTOHOBOi OyZ0BU TPEACTABICHO €(QEKTHBHY
KOHCTPYKIJIIO CTaje3ani300eTOHHOI MpOTOHOBOT
OymoBH, 3 BHKOPHCTaHHAM Tep(opoBaHUX
METaJICBUX €JIEMEHTIB KOpoOUYacToro mepepizy Ta
epeKTHBHOI  3aJi300€TOHHOI IUIMTH  MPOI3HOI
YaCTHHU.

I[lpy  mpoexkTyBaHHI  MeETaNeBHX  OJIOKIB
BUKOPUCTOBYBaBCSl NPsSMHUI MeTol (HOpMyBaHHS
napameTpiB KOHCTPYKTHBY, 3aCHOCHOBaHUH Ha
CHEPreTHYHUX KPHUTEPisX, a caMme: MiHiMi3allis
MoTeHIiHHOi eHeprii aedopmanii Ta piBHOMIpHE
PO3MOJIVIEHHsT IUILHOCTI MOTEHIIHHOI eHeprii
nedopmarii. B gxocti mapaMerpiB NpuiiManmcs
PO3MipH OTBOpPIB B MEpPOPOBAHHUX EIEMEHTaX MPU
MOCTIHHOMY iX KpoIli Ta KyTH HaXWIy MOXWINX
TiHiA pizy Oamok. TakuMm unHOM, Oyrna OoTprMaHa
partioHaJIbHa KOHCTPYKITisS OJIOKIB, 0 BiAIOBimaIa
HallMEHIIOMY 3HaY€HHIO MOTEHIIHHOI eHeprii, sika,
B CBOIO 4Yepry, BiANOBiZae HaliMEeHbINIA BUTpATi
Marepiany, Ta OLTBII POBHOMIpPHOMY
PO3MONICHHIO IUIBHOCTI TMOTEHIIHOT eHeprii 3i
3MEHIIEHHSM KOHIIGHTpALil HampyXeHb B KyTax
OTBODIB.

Banepiii llImykiaep

II.T.H., Ipo.

3aBigyBad Kadenpu

OyaiBenbHIX KOHCTpyKniit XHYMIT
im. O.M. BekeroBa

Poman Kannin

3aBimgyBad CEKTOPY Jaboparopii
OyiBETbHO-TEXHIUHHX TOCIIHKCHD
HHII «IHCTUTYT Cy10BUX €KCIIepTHU3
im. 3aci. mpod. M. C. Bokapiyca»,
3100yBau Kadeapu Oy JiBeTbHIX
koHCTpyKLIiit XHYMI im.

O.M. BekeroBa

IOpiii KpyJus

K.T.H., CTapLInii BUKIa1a4 Kadeapu
OyniBenbHUX KOHCTpYKLiHt XHYMI
im. O.M. BekeroBa

[lo 3aBepmieHHIO BHUKOHAHHS BCiX pOOIT Oymn
MIPOBEICHI HAYKOBI Ta MPUHAMAaIbHI BHUIIPOOYBAHHSI
cnopyau. [Iporpamoro BunpoOyBaHb nependaueHo
MPOBEICHHS CTaTHYHUX i JMHAMIYHUX
BHIPOOYBaHb MOCTY. MeTOI0 HOCIiKEeHHS OyIa
OLIiHKa HaNpyKeHO-1ePOPMOBAHOTO CTaHy
METaJIeBOro OJIOKY cTaie3aiz00eTOHHOT
poroHoBoi OynoBu. B xomi BumpoOyBaHHS Oynn
OTpHMaHi  MPOTHHH  KOHCTPYKIii, BHSBICHO
nificHuit  posmoxin nmedopmauii 1 Hampy)KeHb,
OTpPUMaHi YacTOTH, IEPiOIN Ta aMILTITYAH BIACHUX
Ta BUMYIICHNX KOJIMBAHb CIIOPY/IH.

Byna moOynmoBana  TeopeTHYHa  MOZETb
MpOroHOBOi OynoBHM, Ha 0a3i sKOI OTpuMaHi
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KOMIIOHEHTH HaIlpy>XKeHO-1e()OPMOBAHOTO CTaHy
(HJIC) Ta BUKOHAHO X MOPIBHAHHS 3 OTPUMaHUMHU
B XOJIi BUIIPOOYBAHHS pE3yIbTaTaMH.

KurouoBi ciioBa: cranesanizo0eToH, MpOTOHOBA
OynoBa, mnepdopoBaHa  Oanka, JUCKPETHO-
KOHTHHYaJIbHI 3B'SI3KH, HE3HIMHA onaryOKa.

BCTVII

Mict  wepe3 p. Cyxuit  Topeup
po3TanoBaHu B M. bapBinkose o
ByJI. JIeHIHa, MapUIpyT «IEHTP — 3/1 BOK3aID).
ByniBaunTBO Mocta BUKOHaHO B 1955p. Mict
3aMpOEKTOBAHUN SIK 4-X TPOTOHHA OallkoBa,
po3pizHa 3aI11300€TOHHA criopyaa 3
nponbotamu 14,10M mixx ocsmu omop. IToBHa
ToBXkHHA MoOCTy — 56,4m. Po3mip mocty —
6,65m. Tporyapu — 1,5m. [omoBHi Oanku
MIPOTOHOBUX OYyJOB — THUIOBI, 31 3BUYAHHOTO
3amizo0etony. Omnopu MOCTYy — MAaCHBHI,
ocetonHni. IIpoekTHe HaBaHTaxxkeHHs — H-13,
HI'-60. 3aranbHuii BUTIIST MOCTY IMOKa3aHUU
Ha puc. 1.

Puc.1. 3araipHuii BUI CTIOpYAH

Fig.1. General view of the building

3a 60 pokiB ekcmuyaTarii = cropynaa
3acTtapiia 1 He BIJNOBiIa€ BUMOTaM HUHI
JTIIOYUX HOPMATUBHHX JIOKYMEHTIB, SK 3a
rabapuTamMu, Tak i 3a BaHTaXXOMIAHOMHICTIO.
Takox, B pe3ynbTari pyxy IO MOCTY BaKKO1
BIliCBKOBOI TEXHIKHM, Ha TOJIOBHHX OajKax
MPOJILOTHOT OyI0BU 3'SBUIHMCS TPIIIMHA 3
HIMPUHOIO  PO3KpUTTS  Olmbme  10MM.
Konctpyxkuist nana mporud mo 15 cm, ane He
3pyiiHyBanacs. Y 3B'SI3Ky 3 LIUM CHOPYAY OyJo
BIJIHECEHO JI0 5-TO eKCIUTyaTaliifHOTO CTaHy,
SIKUHM OI[IHIOE MICT SIK Hempare3JaTHUH 1 Jyis
MOJAJIBIIIOT MOTo eKcIuryaTalii HeoOXiTHuN
KaIliTAJIbHUM PEeMOHT 3 3aMiHOI0 BCiX Oaiok
nporoHoBux OymoB. Tak sk BiACTaHb MIXK

OCSAMH  ICHYIOUMX OHOp SBIsSIE  COOOIO
HECTaHAApTHUM TPOTroH, Oanku HeoOXigHO
BUKOHYBAaTH 32 OCOONMBUM (iHIUBiTyaIbHUM)
NpoeKTOM. TakoX HE MEHII BAXKJIUBUM €
MTUTaHHS 3MCHIIICHHS BJIACHOT Baru
KOHCTPYKIIii, 10 TMO3UTUBHO BIUIUBATHME Ha
icHytoul (yHIaMEHTH, 3MEHIIYIOYH THUCK Ha
IPYHT Ta, MO MOKJIHMBOCTI, PO3BaHTAXKYOUU
(GyHIaMEHTHY YacTHHY cropyau. B skocrti
HOBOI TIPOTOHOBOI OYIOBHM TIPEJICTaBIICHO
e(eKTUBHY KOHCTPYKIIIIO CTAIe3a/11300€ TOHHOT
NPOrOHOBOI ~ OyJIOBH, 3  BUKOPUCTAHHSIM
neppopoBaHUX MeTaJeBUX €JICMEHTIB
KopoOuacToro mepepisy Ta  e(EeKTUBHOI
3aJ11300€TOHHOI TUIUTH MPOi3HOT YaCTUHHU.

VY 3B's13Ky 3 BHIIIECKa3aHUM B SKOCTI HOBOT
KOHCTPYKIIii Oyio 3aIpOINIOHOBAHO
BHKOPHUCTOBYBATH cTane3aaiz00eTOHHY
MIPOTOHOBY OYJIOBY, BUKOHAHHS SIKOi MOIJIUBO
32  IHAWBIAyaJIBHHUMH  po3Mmipamu  0e3
NOJATKOBUX  BKJAQJCHb 1  TpalneBUTpaT.
KoncTpykiist  mpencraBieHa y — BHIJISIL
JIBOXKOMITOHEHTHOI CHCTEMH, 110 CKJIaJAEThCs
3  MeTalieBuX  mnepdOpOBaHHUX 0JIOKIB
KOpoOYaToro mepeTuHy 1 3aai300€TOHHOI
TJTUTH MPOi3HOi yacTuHw [ 1, 2]. Ha BinMiHy Bix
MPOTOTHUITY B MOMEPEYHOMY IEpepi3i MPOroHy
OyJIO BCTAaHOBJICHO YOTHUPH OJIOKH 3 KpOKOM 2,4
M.

PoGounii  mpoekT  KOHCTpyKIii  OyB
po3poOnenuii  kadenporo  «byniBenbHUX
KOHCTPYKIIiif» XapKiBCHKOTO HaIllOHAJIHLHOTO
YHIBEPCHUTETY MICBKOTO rocIo/iapcTBa
iM. O.M. bekeroBa mij KepIBHUIITBOM JI.HAYK 3.
nepx. ymop., npod. babaesa B.M. T'onoBHuit
apxitektop mnpoekty I['erra H.A. T'onoBuwmit

imkenep mnpoekty Xaincon FO.A. Beci
OyniBesbHI  poOOoTH  BHKOHYyBaiucs TOB
«CTaJbKOHCTPYKLIIS.

OIIMC KOHCTPYKIIII

CratnyHa cxema — 4-xX IporoHHa OajKoBa,
po3pi3Ha  craje3ani3o0eToHHa crhopyaa 3
nponbotamu 14,10M mixk ocsmu omop. IToBHa
JIOB)KUHA MOCTY — 56,4m. [llupuna Mmocty — 7M.
Tpotyapu — 1,5m. ['onoBHI 6anku MPOTOHOBUX
Oyz10B MeTaneBi neppopoBaHi  OJIOKH
Kopobuactoro mnepetuHy. Omopu icHyIOUi.
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[Ipoektne nHaBantaxkeHHs — AK-15, HK-100.
Cxema MoOCTy MpeJCTaBIeHA Ha pucC. 2.

MocToBE MOJOTHO BKIIOYa€E B cebe IBi
CMYI'M TIpPOi3HOI YacTHHH, JBa TpPOTyapH,
MOPYYHEBY OTOPOXY, OOPTOBE OTOPOJIKECHHS
(puc. 3). Posmip mnpoi3HOI YACTHHH MIiXK
BHYTPIIIHIMU rpaHsIMU 6opToBOTO
OTOPOKEHHSA — 7M.

i 133340

F0

Lw —=
—

1800 2400 2400 1800

Puc.2. 3aranpHui BUJ
KOHCTPYKIIi{

Fig.2. General view of the proposed design

3aMPOITOHOBAHOL

Bepxuiii map mnpoi3HOT YAaCTHHH —
ac(hambTOOETOH. 3araigpHa TOBIIIMHA
IopoxkHBOTO oxsary — 31,5¢cMm. BomoBinsin

30BHINIHIH, Mepea0aueHni 3a paxyHOK YXHUITIB
1 cucTteMu BOJOBiIIBIMHUX TpyOok. bap'epHa
oropoxxa — MerajieBa. llepuibHI OrOpoOXi —

JIATA MeTalieBa penriTka. Tpotyapu
CKJIQIAIOThCS 3 MOHOJITHHX  IOMEPEUYHUX
KOHCOJIEH 1 IO3J0BXKHIX OaJoK, Ha SKHX

po3TarioBaHi MOHOJIITHI TITUTH.

TpOTYyapiB (BUI 3BEPXY).
Fig.3. General view of the carriageway and
sidewalks (top view)

['onoBHI Oanku TPOTrOHOBUX OyI0B
MeTaneBi nepdopoBaHi OJIOKHM KOpPOOUACTOTrO
nepetuny 3 miapparmamu (puc. 4). CTiHKH
OOKy BUKOHAaHI 3 METaJleBOro JIHMCTa
ToBmmHOrO 10mMMm. Hwxusgs nomuna 3

METAJIEBOTO  JIUCTa  TOBIIMHOK  30MM.
Hiapparmu 1 Bepxni monumi — 12mm. Kpoxk
niapparm 1m. O6'erHaHHS OJIOKIB BUKOHAHO IO
3ali300€TOHHIA MIUTI MPOi3HOI YACTHUHHU.
ToBmHa 3a1i300€TOHHOI TUIMTH  1310BOTO
nosotHa — 200MM. /{151 3a0e3meueHHs CiIbHOI
poboTu MeraneBoro OJOKY 1 3a1i300€TOHHOI
TUTUTH MPOI3HOT YACTUHU 1O BEPXHHOMY TOSICY
070Ky MpHBapeHi yrnopu, BUKOHAHI 3 Bipi3KiB
MPSMOKYTHOT TPYOH 1 MOXWJIMX apMaTypHHX
cTpwkHiB. OO0'eqHaHHS BCIX €IEMEHTIB B
roToBUil OJIOK BUKOHYBAJIOCS B 3aBOJICHKHX
ymoBax. Ilepen OeToHyBaHHSM Ha BEpXHI
noymii  OJOKy yKIamaBcs mpodinboBaHUM
CTaJ€BUN JIUCT, SKUWA BHUKOHYBAaB pOJb

HEe3HIMHOI1 onanyOku (puc. 5).
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Fig.4.

IMomepeunuit mepepi3z METaneBoro OJ0Ky
Cross section of a metal block

o

o

Pwuc.5. 3aranpauii BUTIISA POTOHOBOT Oy MOBH (B
3HHU3Y).

Fig.5. General view of the girder structure (bottom
view).

[Ipn mpoekTyBaHHI MeTaleBUX OJOKIB
BHUKOPHCTOBYBABCS PSIMHAN METOJ
dopMyBaHHS ~ MapamMeTpiB  KOHCTPYKTHBY,
OCHOBAaHMH Ha EHEPreTUYHUX IPHHIWIAX, a
came: MiHIMI3allis TOTEHIHOI  eHepril
nedopMmariii Ta PIBHOMIPHE PO3MOMIICHHS
IIJIBHOCTI MOTEHLIHOT eHeprii aedopmartii [8,
9]. B sikocTi mapaMeTpiB MpUIMAaIHCs po3Mipu
OTBOpiB B TMep(OPOBAHHHUX EIEMEHTAX IIpH
MOCTIHHOMY KpOIli OTBOPIB Ta KyTH HaXWIy
MOXWJIMX JIiHiH pi3y 6anok. TakuM ynHOM, OyIa
OTpHMaHa paIlliOHaJbHA KOHCTPYKIIS OJOKIB,
IO BIANOBiZaNa HANMEHIIOMY 3HA4YEHHIO
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MOTEHI[IIHOT eHeprii Ta OiLIbII POBHOMIPHOMY
PO3MOIICHHIO IIITBHOCTI MOTEHIIIHOT eHeprii
31 3MEHIICHHSM KOHICHTpalii HampyXeHb B
KyTax OTBOPIB.

BeperoBi omopu — MacuBHI, OETOHHI 3i
3BOPOTHMMHU  CTIHKaMHU  JIOBXXHHOKO  2,9M
(miBoOepexHa) Ta 3,1m (mpaBobOepexHa).
[IpoMi>kHI OMOpPU: MAacUBHI, 3 MOHOJITHOTO
0eTOHy, BHUKOHAHI BIJIOBIHO JO THIIOBOTO
npoekty Bun. 72 Coroznopnpoekt. Tun
¢yHmameHTiB omop — mnanboBuil. OmnopHi
YaCTHHU — TaHT€HIlaJIbHI.

[Tigxoau npsiMOTiHIIHI BUKOHAHI 3 HACHTIOM
1m0 h S5Mm. Pycno piuku HepiBHOMIpHE,
MOKpUTE YarapHuKaMu O4epeTy.

BUITPOBYBAHHA MOCTY

Cunamu Kadeapu ByniBenpHIX
KOHCTPYKIIH XapKiBCHhKOTO HAaIllOHAJIHLHOTO
YHIBEPCHUTETY MICBKOTO rocIo/iapcTBa
iM. O.M. beketoBa Oynu MpoBeICHI HAYKOBI Ta
npuiiManbHi  BunpoOyBaHHA.  [Iporpamoro
BUMPOOYBaHL  TependadyeHo  MPOBEACHHS
CTaTUYHUX 1 JUHAMIYHUX BUIIPOOYBaHb MOCTY.

Meroro  pmochimkeHHs ~— Oyna  OIliHKa
HaIpyXeHO-AePOPMOBAHOTO CTaHy
METaJieBOro  OJIOKY  CTaye3aiai300€TOHHOI
nporoHoBoi OymoBu. [lna pociimxenHs Oyio
00paHo KpaifHiil 010K mepIioro npoyboty. st
JOCSTHEHHS MOCTaBJICHUX e
BHIITYBaJIUCS HACTYTIHI 3aB/IaHHS

1. BusHaueHHs BenMWYMHH (PAKTUIHUX
MPOTHHIB B AOCTIHDKYBaHUX MEPETHHAX OJIOKY;

2.  BusBnenHs  gilficHOro  po3moAiTy
nedopmarlliii i Hampy>KeHb B JIOCHIKYBaHHUX
nepeTuHax OJIoKy;

3. IlopiBHAHHS (AKTHUYHUX 1 TCOPETUIHHUX
3HaueHb kommoHeHTiB HJIC B mocmimKyBaHHX
nepeTuHax OJIOKY;

4. 3amip CHEKTpiB 4YacTOT BJACHUX 1
BUMYIICHUX KOJMBaHb B JOCHIKYBaHHX
nepeTuHax OJoKy.

[lepen mpoBeneHHSIM BUNPOOYBaHb OyJH
BUKOHaHI TEOPETHYHI pO3PaXyHKU CHOPYIH Ha
TUMYacoBe  HaBaHTakeHHSA.  Po3paxyHok
MPOCTOPOBOi  MOJIeNli  MPOroHOBOI  OyJ0BU
BHKOHaHUH B IporpamHomy komruiekci SCAD-
Office. CdopmoBana CKiHYCHHO-EIEMEHTA
MO/IENb MTOKa3aHa Ha puc. 6.

Puc.6. Po3paxyHkoBa MOAENb 3allpOIIOHOBAHOL
KOHCTPYKITii
Fig.6. Estimated model of the proposed design

Cucmema naganmaycenna. B sgxocTti
HaBaHTaXCHHS Oy NPURHATI 2
aBTOCAaMOCKHIU KAMA3-6520, 3

HOPMATHUBHOIO MacOI OJIHOTO aBTOMOOLIsS
Q=19,2r. byno mnependaueno 4 cxemu
poO3TalryBaHHSI aBTOMOOLITIB:

cxeMa | - ycTaHOBKa OJHOTO aBTOMOOLIs
KAMA3-6520 3amHpor0 BicCIO B CepenuHi
npoiaboTy  Oims  mpaBoro  Oap'epHOTO
OTOPOJKEHHS;

cxema 2 - yCTaHOBKa JBOX aBTOMOOLTIB
3amHIMA OOpTaMH OJHWH JO OJHOTO, OuIs
MpaBoro 0ap'epHOTO OrOPOKEHHS;

cxema 3 - yCTaHOBKa JBOX aBTOMOOLTIB
3anHiMU OOpTaMu OAMH A0 OJHOrO, MO OCl
MOCTa;

cxema 4 - po3TalryBaHHS IBOX aBTOMOOLTIB,
BCTAHOBJICHUX 3aJHIMH OOpTaMH OJHH JIO
OJTHOTO 017151 J1iIBOTO Oap'€pHOT0 OTOPOIKEHHSI.

JleMOoHCTparisi  TO3HAYEHUX  MPOIEIYP
BUIIPOOYBaHb peantizoBaHa Ha pHC. 7.

Puc.7. YcTaHOBKa aBTOMOGLTIB 32 cxeMamu 1-4
Fig.7. Installation of cars according to schemes 1-
4

[Ipn guHAMIYHOMY  JOCTIDKCHHI IS
BU3HAYCHHS YacCTOT i (JOPM BIIACHUX KOJIUBAHb,
Ha TIPOI3HY YacCTHHY, 3 BUCOTH |M, CKHIaBCS
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3aJ11300e TOHHUIA byHIaMEHTHUI 610K
po3mipom 85x48x55cm macoro 600kr. s
BU3HAYCHHS  XapPaKTEPUCTHK  BHMYIIEHUX
KOJINBaHb Ha MOCTY MIPOBOJIATHCS TaKi 3aXOIH:
- PyX KOJIOHH 3 BOX aBTOMOOLTiIB KAMA3-
6520 3 iHTEepBajIOM 2ceK. 31 MIBUAKICTIO
30 xm/Tox;
pyx oauHo4yHOoro asToMoOiIs1 KAMAS3-
6520 1O  HOKPUTTIO 3  MEPEIIKOJOI0
(mepeB'stHuit 6pyc mupuHO0 20 CM, TOBIIMHOIO
4 cM 1 JOBXHHOIO 3,5 M), BCTAaHOBIICHUM B
cepeiMHI IIPOJIbOTY;
pyx oauHo4HOro aBTOoMOOLTsT KAMAS3-
6520 31 mBuzgkictio 30 xM/rom 1 pi3ke
rajJbMyBaHHS B CEpelMHI MPOJIBOTY.
[Tix yac BunmpoOyBaHHs, 32 BCIMa CXeMaMH
3aBaHTa)XEHHS (DIKCyBanocsi CTaH MOCTY ISt
BCTAHOBJICHHS 3MiH, fKi BigOyBamucs 0e3

HABAaHTA)XCHHS, 3  HAaBaHTAXEHHAM 1
MOJAIBIINM  po3BaHTaXeHHsAM.  OcTaHHI
3amipu 3HIMAJTUCS IS BU3HAYEHHSI
3amKkoBuX Aedopmariiii. Kpim Toro, mpu
pO3cTaHoOBIII aBTOMOOLTIB, Y4aCHUKH
BUIIPOOYBaHb CYBOpPO CTEKHITN 3a
MOKa3aHHAMU  TOpuianiB, 1mod B  pasi
HEOOXITHOCTI  (€KCTpeMaJlbHMM  BHUIIAJIOK)
3YMUHUTH 3aBAHTAKCHHS.

Cucmema BUMIDIOGAHD. dikcarris
BEPTUKAJIBHUX  TEPEMIIICHb (poruHiB)

KOHCTPYKIIIi 31ACHIOBAIAcs 3a OMOMOTOI0 8
MeXaHIYHUX poruHoMipiB Makcumona (IIM).
[lpunagm kpimuaucs A0 KOHCTPYKINi 3a
JOTIOMOT OO 3’ € IHYBaJIbHUX TIQHITIOTB,
310paHuX 3 BaHTaXIB 1 HUTOK. [[J1s1 BUKITFOUEHHS
BIUIMBY Ha 3HA4YCHHs IMPOTHMHIB 30BHILIHIX
MOKa3HUKIB, TaKUX SK BITEp, 3 €IHYBaJIbHI
JAHIFOTH MATPUMYBAJIUCS B TOCTIHHOMY
HATATY 1 IEPEBIPSITUCS TEepPe]] KOXKHUM 3HATTIM
BimmiKiB. JIaTYMKK BCTAaHOBJIIOBAIUCS 110 JBa B
YBEPTAX 1 CEpeIMHI MPOJILOTY 1 MO OAHOMY B
OTIOPHHUX YaCTUHAX, 32 JOMOMOTOK IITATHBIB
Ta CTpyOIlMH, Ha 3a37aJeriib MiATOTOBICHUX
Maiimanunkax. (Cxema po3TamryBaHHS —Ta
3arajJbHUAN BUTIIS JAATYMUKIB TIPEICTABIICHI Ha
puc. 8.

Jnst dikcamii gedopmariiii 1 BUABICHHS
Hanpy’>KeHb HABKOJIO OTBOpIB 010Ky Oyio
BCTAaHOBJICHO &8 MEXaHIYHHUX TEH30METPiB.
[Tpunanu Oynu BCTaHOBIICHI B ONIOPHIN YaCTHHI

1 B cepeauHi nponpoTy. Cxema po3TanryBaHHS
TEH30METpIB [T0Ka3aHa Ha puc. 9

b Ay
Puc.8. CxeMa pO3TaITyBaHHS Ta 3aTaTbHUA BUTIIST
JIATYUKIB

Fig.8. Location scheme and general view of
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Puc.9. Cxema po3sramryBaHHS TEH30OMETpiB: a) B
OTIOpHIif YacTHHi, 0) B IPOTOHI

Fig.9. The layout of strain gauges: a) in the support
part, b) in the span

Jlnst BU3HA4YEeHHS 9acToT 1 GOpM BIACHUX 1
BUMYIIEHUX KOJIMBAaHb €JIEMEHTIB MPOTOHOBOI
OyIOoBH B BEpPTHUKaJIbHOMY HANpsSIMKy B
cepeauHi IPOJILOTY BCTaHOBJIIOBABCS
BiOpOBUMIpIOBATILHHUN TIpHIa «AraT-My.

PE3VJIbTATU BUITPOBYBAHbD

Pesynomamu cmamuunux eunpooygans.

3a gaHuMu O0OpOoOKM 3HAa4Ye€Hb BUMIpPIB
NPOTHHOMIpIB 1OOy/IOBaHI JIiHIT TPOTHHIB
KpaiHbOT0 MeTaneBoro 6J0Ky B mponboTi Nel,
B CEpeIuHi 1 YBEPTSIX MPOJHOTY MO BCIM 4-M
cxeMamu  3aBaHTaxkeHHs  (puc.  10-13).
MakcumanbHui IIPOTUH KpalHbOIO
MeTaneBoro 00Ky mposnboty Nel oTpumanmii
3a 2-010 CXEMOIO HABAHTAKEHHS 1 CKJIaB 2,9MM.
TeopeTnunuii mporvH KpalHHOrO  OJIOKY
nposboTi Nel ckmaB 2,94mm. TIpu 3icraBieHHi
TEOPETUYHHUX 1 EKCHEPUMEHTAJIbHUX 3HAYCHb
noxuOka ckiana 1,3%. 3anumkosi qedopmartii
HiCJI KOXKHOTO PO3BAHTAKEHHS Ha KOXKHOMY
eTani HaBaHTaxeHHs He nepeBunmin 10%. 3a
JAaHUMU 00poOKHu 3Ha4YeHb BHUMIpiB
nedopmartiii, OTpUMaHUX 3  MEXaHIYHUX
TEH30METPIB, 1 Ta0OPATOPHUX BUMPOOYBAHB 110
BU3HAYCHHIO MEXaHIYHUX  XapaKTEPHCTHUK
cTani Oynau oOuYuCIeHI 3HaYeHHS (PaKTUUHUX
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Hanpy’KeHb, [0 BUHHUKAIOTH IO TIEPUMETPY
OTBOpPIB B  CTIHKax MeETaJeBUX OalloK.
MaxkcuMansHi 3HAYECHHS BITHOCHUX
nedopmaiit ckaamu 15010 MM, 1m0, B cBOIO
4epry, BiJINOBIJIa€ 3HAYCHHSM HAINpPYKCHHS —

~ A
19 e, e

few —~—Tporntu 24§ TNporbs3,5.7

Puc.10. IlpormHm Oajok 3a IMEPIIOI0 CXEMOIO
CTaTUYHHUX BUIPOOYBaHb

Fig.10. Deflections of beams according to the first

scheme of static tests
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Puc.11. TlpornHm Oamok 3a JpPyrol CXEMOIO

CTATUYHHX BHIIPOOYBaHb
Fig.11. Deflections of beams according to the
second scheme of static tests
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Puc.12. Ilpormam Oanok 3a TPEThOIO CXEMOIO
CTaTUYHUX BUTIPOOYBaHb

Fig.12. Deflections of beams according to the third
scheme of static tests

faam

Puc.13. Ilporuau 0Oaok 3a YETBEPTOK CXEMOIO
CTaTHYHUX BHIIPOOYBaHb

Fig.13. Deflections of beams according to the
fourth scheme of static tests

- Mlpornba 3.5, T <xate nporb

Pes3ynomamu ounamiunux eunpooysans.

3a naHuMu OOpOOKM MMOKa3aHb IMPHIIALY
NPy JWHAMIYHUX BUIPOOYBAaHHAX OTpPUMaH1
YacTOTH, TEpIOAM Ta aMIUIITyJa BJIACHHX 1
BUMYIICHUX KOJHMBaHb. YacToTa BIacHHUX
KOJMBaHb (cepelHe 3a 3-Ma BHUMIpaMHu)
nopisHtoe 811, mpu amrurityai 190mkm. Takox
MPOSIBIIIETHCSL pyra BJIacCHAa YacToTa piBHA
14T'n, mpu ammmityai 225Mkm.  Yacrota
BUMYIICHUX KOJUBAHb IPHU PYCi KOJIOHU 3 IBOX
aBTOMOOUTB ckimana 12,5T'm mpu amrmumtymai
66MkM. YacToTa BUMYILIEHMX KOJIMBAHb IIPU
pyci aBTOMOO1JIS 110 TTOKPUTTIO 3 TIEPEITKO/I0I0
ckinana Sl mpu ammmityai 78mkM. Yactota
BUMYIICHUX  KOJHMBaHb  TPH  PI3KOMY
raJibMyBaHH1 aBTOMOOLIIS B CEpeInHI MPOIBOTY
cxiana 8’ mpu amrnriTyai 49MKM.

BUCHOBKUA

1. BusHaueHO  BEMMYMHU  (PaKTHUYHUX
MPOTHHIB KOHCTPYKIIi cTane3anizo0eToHHOT
MPOTOHOBOI OyZOBM B 4YBEPTSIX 1 CepeAuHi
BUIPOOOBYBAHOTO TPOJIHOTY. MaKCHMaTbHUH
NPOTMH  KPaHBOTO  METAJIEBOTO  OJIOKY
nponboTy Nel oTpumanuii mpu 2-iif cxemi
HaBaHTAXKEHHSA 1 ckiIaB 2,9vMM. 3aluIIKOBI
nedopMariii mcns Ko>KHOI PO3BaHTaKEHHS Ha

KO)KHOMY erarti HaBaHTAKCHHS HE
nepesuiuian 10%.

2. Busasneno IicHAN PO3MOTi
nedopMmanii 1 HampykeHb B 3aJaHUX

MEPeTHHAX KOHCTPYKIIl cTane3anizo0eTOHHOT
pOroHoBoi OynoBH. 3a JaHUMH OOpOOKHU
3Ha4eHb BUMIpiB Jedopmariid, OTpUMaHUX 3
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MEXaHIYHUX TEH30METpiB, 1 J1abopaToOpHUX
BUMIPOOYBaHb IO BHU3HAYCHHIO MEXaHIYHHUX
XapaKTepUCTHK  CTai  Oynu  oOYHCIIeHi
3HaueHHs  (aKTUYHHX  HAmNpyXeHb, IO
BHHUKAIOTH 10 TIEPUMETPY OTBOPIB B CTIHKaX
MeTaneBux ©Oanmok. MakcuMamnbHI 3HAYeHHS
BiTHOCHUX JAedopmariiil ckiamu 15010 Mmwm,
10, B CBOIO 4Yepry, BIJIMOBiJIa€ 3HAYCHHSIM
Hanpyr — 25 MIla.

3. Bukonano 3icraBiieHHS (AaKTHYHHX 1
TEOpEeTUYHUX 3HaueHb kommoHeHTiB H/IC B
JOCITIDKYBaHUX ~ TEPEeTUHAX  KOHCTPYKIi
CTalle3alli300eTOHHUX MPOrOHOBOI  OyJ0OBH.
TeopeTnuHuil NOporvH KpallHBOro  OJIOKY
nponboty Nel cknas 2,94mm. Ipu 3ictaBieHH1
TEOPETUYHHUX 1 EKCIICPUMEHTAILHUX 3HAYCHBb
nmoxuoka ckiuana 1,3%

4. MakcumarbHi YaCTOTH BJIACHUX
konuBaHb ckianu 8T 1 141, mpu aMrmiTyai
190mkm 1 225mMkm. Tomi sSK  4acToTH
BUMYIIIEHUX KonuBaHb ckiamu 8l 1 12,571y
IpU aMIUNTYJAl KonuBaHb 49MkM 1 66MKM
BiAMoBiAHO. YacToTa MOpyIIyBaHUX KOJIHBaHb
MIPH APYTii CXeMi IMHAMIYHOTO HABaHTAKCHHS
ckiana 511, aMIIiTy1a KOJIMBaHb — 7 §MKM.
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Tests of reinforced concrete flight structure of
the bridge through the r.Suhoy Torec in
Barvenkovo

Valerii Shmukler,
Roman Kaplin,
Yurii Krul

Summary. The article considers the overhaul of
the reinforced concrete bridge in Barvinkove with
the complete replacement of the girder structures.
Beam structures were installed on existing supports,
the distance between the axes of which is 14.06 m
(non-standard beam). Thus, new beams must be
performed on a special (individual) project. Equally
important is the issue of reducing the weight of the
structure, which will have a positive effect on
existing foundations, reducing the pressure on the
ground and, if possible, unloading the foundation of
the structure. As a new girder structure, an effective
construction of a reinforced concrete girder
structure is presented, using perforated metal
elements of box section and an effective reinforced
concrete slab of the carriageway.

When designing metal blocks, a direct method of
forming the parameters of the structure based on
energy principles was used, namely: minimization
of potential deformation energy and density
distribution of potential deformation energy.

The parameters of the holes in the perforated
elements at a constant pitch and the angles of
inclination of the inclined lines of the beams were
taken as parameters. Thus, a rational design of the
blocks was obtained, which corresponded to the
lowest value of potential energy, which, in turn,
corresponds to the lowest material consumption,
and a more uniform distribution of potential energy
density with decreasing stress concentration in the
corners of the holes.

Upon completion of all works, scientific and
acceptance tests of the building were carried out.
The test program provides for static and dynamic
tests of the bridge. The aim of the study was to

assess the stress-strain state metal block of
reinforced concrete girder structure. During the test,
the deflections of the structure were obtained, the
actual distribution of deformations and stresses was
revealed, the frequencies, periods and amplitudes of
the natural and forced oscillations of the structure
were obtained.

A theoretical model of the girder structure was
built, on the basis of which the VAT components
were obtained and compared with the results
obtained during the test.

Key words. Reinforced concrete, girder
structure, perforated beam, discrete-continuous
connections, fixed formwork.
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AHOTamisi. Y cTarTi BUKJIaIeHa Tpolexypa
psMoTo  (paIioHaIbHOTO) TPOCKTYBAaHHS ILIHT.
HaBenenwuii 6i0HiKO-eHEpreTHUHUN METOX € edek-
TUBHUM 1HCTpYMEHTapieM QOpMyBaHHS o00pasy
KOHCTPYKITiH, IO BIOpi3HsSE HOro BiA 3ramaHux
BHIIE PE3YJIbTATIB 1, HACAMIIEpe]], 38 PaXyHOK HOro
¢iznunoi mpo3opocTi. BaxknuBuM Takox € Qakr
BHUKOPHUCTaHHS 3allPONIOHOBAHUX TEXHOJIOTIH y po-
004YOMy TIpOEKTyBaHHI i 3BelleHHI KOHCTPYKIIiH,
reoMeTpisi, a mpu HeoOXimHOCTI ¥ ¢i3nuHI Xapak-
TEPUCTUKHU SIKUX, 3HAWICHI PO3PaxyHKOBUM, a HE
IHTYITUBHUM LIUIIXOM.

Y iioro OCHOBi JexaTb HOBI EHEpPreTHYHi
OPUHLOMIN H aNropuTMH MOCTIIOBHOI MOOYHOBH
reOMETPHYHOTO /200 (pi3nKo-MexaHIYHOTO «00-
pasy» koHcTpykuii. Ha mnpukmani ¢opmyBanHs
€HEepPreTHYHO PIBHOMILHUX IUIACTHH IOKa3aHa Io-
CITIIOBHICTHh OOYMCITIOBAIEHUX OIepalliii METOy.

PimenHs OymyeThCst aHAIITHYIHO 3 METOIO TIOKa-
3y HIOAHCIB HEOOXigHMX omeparliit. OTHOYaCHO, Ha
HaBeIEeHUX IPUKIALax, I[IO0Ka3aHO, IO BBEICHI
KpHUTEpii ONTHMi3allii 3yMOBIIOIOTh, B TOMY YHCII,
MiHIManbHUH 0OCST KOHCTPYKTHBIB, a TaKOX ix
MiHIMaJbHI TPOTHHU.

[IpUHIMIIOBUM €JIEMEHTOM IiXO0AY € BUKOPHC-
TaHHS HOBOTO KPHUTEPil0 T'PAHUYHOTO CTaHy, IO
3abe3revye OLIHKY HamNpyKeHOCTi elemeHTa. llpu
IIbOMY, BPaXOBYIOTHCS BIIACTHBOCTI MaTepialmy i
BUJI HANPYKEHO-Je(POPMOBAHOTO CTaHYy.

OTpumaHi aHaITHYHI pillleHHS BUKOPUCTAaHI 5K
KOHTPOJBHI TECTH I 3aTraTbHOI 00YUCITIOBATHFHOL
npoIeaypu MeToay. Y 3BSI3Ky 13 UuM, y CTaTTi
HaBeJeHI pe3yIbTaTH aHAJITHYHOTO H YUCETHHOTO
po3B'si3ky. EdekTuBHICTH 00YMCIIOBANBHOI TIPO-
[eIypy MiATBEPIKEHA MIBUAKICTIO 11 30DKHOCTI i
MiHIMaJbHAM DPO3XO/KCHHSM TE€OMETPUYHHUX Ia-
pameTpiB  (Tomosorii) KOHCTPYKWii 3  TecT-

MpUKJIagamMu. TeXHOIOTiYHA MOCiIOBHICTh 004H-
CITIOBAJILHUX OTEparliii MeToy 3aBepireHa mooy

Bauepiii llImykiep

3aBigyBau Kadenpu OyaiBeIbHIX KOHC-
TPYKILiit

1. T. H., PO .

Ounena Jlyryenko

JIOLIEHT Kadeapu Oy TiBEIbHIX
KOHCTPYKIIiH

K. T. H., JIOLL.

Augi Haxem
acmipaHT kadeapu OyIiBenbHUX
KOHCTPYKIIiH

N

i

JIOBOIO €JIEMEHTIB (ITUT) i3 TPOCTOIO 30BHINITHHOIO
i CKIIaTHOIO BHYTPIIIHBOIO TEOMETPIET0, 1110 BOJIO-
JIIOTH LIJTUM Ha0OpPOM MO3UTHBHUX BIACTHBOCTEH,
TaKWX sK MiHIMallbHA BUTpaTa MaTepiany npu (ik-
COBaHIH JKOPCTKOCTI (Hecyda 3[aTHICTh), a00 Mak-
CHUMaJbHa MOPCTKICTh TpH (ikcoBaHil BUTpari
Marepiaiy.

KurouoBi cjioBa: parmioHanbHICTh, MIIIBHICTH
MoTeHIiHOi eHeprii aedopmarii, eHepreTHIHUH
OanaHc, OiOHIKO-€HEPreTUYHUI MeTOo[, PiBHOMIL-
HICTB.
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BCTVII

Posrnsimaerscst 3aBnaHHs MOOYJIOBU BHYT-
pilIHBOT reoMeTpii 3aMi300€TOHHOT MPSIMOKYT-
HOI TUTACTHHM MiHIManbHOI Baru (Puc.1).

Puc.1. IlpaMokyTHa macTUHa.
Fig.1. Rectangular plate.

ANTOpPUTM BUKOPHUCTOBYE ineomiorito (hop-
MYBaHHsI €HEPTr€TUYHO PIBHOMIITHOTO €JIEMEH-
Ta BiJMOBIHO O METOJY, 3aIIPOIIOHOBAHOTO B
[1,2].

lNnoresu # momymieHHS:

1. OcHoBHI aTpuOyTH IUIACTUHU (TEOMET-
puuHi ¥ (i3UKO-MEXaHiYHi) 3a0BOJBHAIOTH
0OMEXEHHSIM Teopli TOHKUX TUTACTHH,

2. KpaiioBi yMOBHU yXBalllOIOThCS 4-X TH-
MiB: MIapHipHE OONHMpaHHS IO KOHTYpPY; IBI
MPOTUJICKHI CTOPOHHM TUIACTUHU IIAPHIPHO
oOrmepTi, a JB1 1HIII 3aTUCHEHI; BUTUH TIJIACTH-
HU MOMEHTaMHU, MPHUKIAICHUMHU JI0 TBOM IIPO-
THJICKHUM CTOPOHAM; YUCTHH BHUTHH ILIACTH-
HU.

3. PamioHaJbHOIO BBAXXKAa€ThCs IIACTHHA,
y KOKHIN TOYIll MOBEPXHi SKOT1 MIUIBHICTH TO-
TeHmiiHo1 eneprii aedopmaniit (LLITE/]) moc-
TiliHa i piBHa HOPMOBAHOV,

4. Teomerpis tuacTuHH (OpMyeThCS Y
BUTJISO1 €JIEMEHTA 31 CX1I49acTO 3MIHHOIO TOB-
IIUHOIO;

5. HaBaHTaxeHHS — PIBHOMIPHO PO3MO/Ii-
JICHE.

Cnix 3a3Ha4YMTH, 10 TINOTE3H 2 1 5 He 3Me-
HIIYIOTh 00JIACTh BHKOPUCTAHHS OTPUMAHHX
pillieHb, TOMY IIO0 BOHH (PIII€HHS) JIETKO Yy3a-
TaJIBHIOIOTHCS HA BUMAJOK 1HIIMX YMOB OOIH-
paHHS 1 HABAaHTAXKCHHS.

META TA 3ABJAHHS IOCJIJDKEHHS

Mertoro poboTH € oJiepKaHHS AHATITUYHOTO
W YMCEeNbHOTO PO3B'S3KIB 3aBAAHHS TPSMOTO

MIPOEKTYBaHHS 3TUHAHUX €JIEMEHTIB (Iulac-
TUH), pPe3ylbTaT SKUX MPEICTaBICHUN Yy BHU-
ISl TEOMETPHYHOTO «00pa3y» KOHCTPYKIIIH.
TyT, y BIIMIHHOCTI Bi TPaJULIHHOTO MEpEBi-
POYHOTO MiAXOIY, MOCTYIIOETHCS BapiaHT IIO-
CTaHOBKH M PO3B'SI3KY 3aBJaHHS TOMOJOTTYHOT
onrumizarii. BiAMiHHICTP BHKOPHUCTOBYBAHOI
MPOLEAYPH TOJIATAE B MPUIHATTI HOBHX KpHU-
TEpiiB palioHamizallii, Mo HOCITh €HEPreTHY-
HuM xapakrtep. Kpim Toro, BUpileHo 3aBaaHHs
HA/IaHHS KOHCTPYKIIT BUIIIALY TOPOXKHUCTOTO
€JIeMEHTa 3 MPOCTOI0 30BHIIIHBOIO Ta CKJIAj-
HOIO (PO3pPaxyHKOBOIO) BHYTPIIIHbOIO T€OMET-
pieto.

OCHOBHE JOCJIIJDKEHHA

HaGmmwkene pimieHHsI OyayeThCsl B YHUCEITb-
HO — aHamiTH4Hii Gopmi. Ha mepmomy kpori
AJITOPUTMY BHMKOHYETHCSI CKIHIIEBOCIEMEHTHE
MoJieNoBaHHs TacTuHU. [lpu 1ipoMy, BBaXa-
€THCSI MPUITYCTUMUM OTOTOXKHEHHS BEJIMYNHH
e”eprii gedopmariiii y HECKIHYEHHO MAaJoMy
eJIeMeHTI 3 eHepriero aedopmariiii y CKiHIe-
Bomy enemenTi (CE). [lane nomymienust 6a3zy-
€TBCSl Ha 1J1€0JIOTI1i YMCEIbHOTO 1HTErpyBaHHS
(xBagpatypuux dopmyn Koreca). [lorenuiiina
enepris nedopmaniii (ITEJI) y HeckiHueHHO
MaJIoMy IUTAaCTHHYACTOMY eJIeMeHTi piBHa [3]:

d*w d*w ’

-2(1-v)-

1 dx2 dy2 ( )
dV=—D dxd

2 d*w d*w [ d*w Al ()

o dy* - dxdy
ne V — mnoTeHuiiiHa eHepris aedopmaiii
(ITE); w= w(x, y) — IIPOTHUH;
ER’ : :
D= ﬂl_z) — IUIHIPUYHA KOPCTKICTh
-V

wiactuan; E — Moayne nedopmartiii 1-ro po-
ny; h — TOBIIMHA TUIACTHHU; v — KOe(IilieHT
ronepevHoi aedopmarii.

BiamoBigHO 10 MPHUIHSITOTO MOJIOXKEH-
Ha BenuuuHa [1EJ[ y CE npubnusno npencra-
BJISIETHCS Y BUTJISIII:
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2 2.2
d_‘;" + d_zv - 2(1 - Vi)
1 dx~ dy
AI/[ :_Di r 2 ﬁ‘xiﬂ'vi’ 2
2 d*w d’w [ d*w ")
- dy’* - dxdy
Ai»A,; — HOPCTKICTHI aTpUOyTH i — IO CKiHIe-

BOTO eneMeHTa; D,,v, — po3MipH i — o KiHIe-

1
BOTO €JIeMEHTa B HANpPSIMKY OCEH KOOpIUHAT
JEKapTOBOT CUCTEMHU X U Y BIJIMIOBITHO;
ie(l,N) — nomep CE, N — kinbkicts CE Big-
TIOBIJTHO /IO CITKH PO30MBKH.

Ilnuta, oOnepra mapHipHO 110 KOHTYPY.
3anumemo pimeHHs HaBbe mJist piBHSHHS BU-
runy tuiactul (piBHsHHS Codi XKepmen [3],
Puc. 2):

Puc. 2. [IpssMokyTHa r1acTUHA, LIAPHIPHO o0mepTa
0 KOHTYDY.
Fig. 2. Rectangular plate, hinged along the contour.

. M-TX . Ny
_» SIn sin
1

16, &3 . b
7Z'6D ; = [mz nZJ (3)
a b

1€ ¢o — PIBHOMIPHO pPO3MOAUIEHE MO IOl

IJTACTUHU HABAaHTAKCHHS.
[TponudepenmiroBa a8ivi (3) 1 miacTaBis-

I0YM OTPUMaHI pe3yabTaT B (2) OJEPKUMO:

wlx.y)=

1536-¢%-a*(1-?
= 300 o)
" Eh;

1i°

4)

Jc

0, = (_ K, _a2K2i)2 _(Kliaszi)'
'z(l_vz‘)"'(z'(l_?/i)'aKsi)z;

I e

m=l  n=1

m=100 n=100 72 * S b
_ a .
Ky=2 2, ;

m=1

n=l

BBaxkarouu, 110 IIUIBHICT HOTEHIIHHOL
eneprii medopmamii (ILITEH) 36epirac 8 CE
MOCTiHE 3HaYEHHS, PO3AUTUBILIN (2) HA BEJU-
uuny obesry CE, pisnoro y, =h-4,-4,,3 (4)

0JICPIKHMO:

1536-¢>-a*(l-v,) -
€ = ﬂ_inh;; ’ Qli

©)

ne e; — LIITEJ] B 1 — om CE.
3 0011KOM IPUHHATOI TPETHOI T1I10TE3H

e =e

=€y (6)

e em’ :7.6111'; em‘
MET; e,

4 e(O;l) — CTaTHCTUYHO OOIPYHTOBAaHHWH Koe-

— HOPMOBAHC 3HAUYCHHA

- rpannuHe 3HadeHHs IIE/L;

(bimieHT HAIIHHOCTI.

SIkmo mMoBa e npo GopMyBaHHS MPOCTO-
pPOBO1 KOHCTPYKIIii, NIJISXOM OOIPYHTOBAHOTO
MpU3HAYCHHS KOoedillieHTa HaAIIHOCTI, MOKHA
nepeadaunTi TOCIIOBHICTh BUXOIY 3 Jaay
pi3HUX eneMeHTiB cucteMu. Ilpu npomy Benu-
YMHA €, YXBaIIOEThCS BIANOBITHO JO KpHUTe-

pito [1]:
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e, =057, [(x. +De,. +(x. —De,]+

2 7
+(1_Z£)eush9 ( )
26, - —¢
ne y,=—2>—=13 g >¢ >¢& — mapamerp
& &

Jlone — Hanai; &, 2¢, 2, — rojoBHI JiHIHHI
nebopmanii; €,.;€,,,€,;, — napuiansHi (Jac-
tkn) 3HadeHHs [IITE]] nns medopmariii ctuc-
Ky, PO3TATY ¥ 3pyIICHHS.

[Tpu weniniliHoMy (pizuaHo) nedopmyBaH-
Hi, BenuunHH napuianeHux ITEJ moxHa
BH3HAYaTH O€3MOocepeHhO0 3a pe3ybTaTaMu
BIJIMOBIAHUX €KCIIEPUMEHTIB, YXBAIIOIOUH IS
Ei B (5) koHuenmito cignoro moxuyis. [lopis-
Hrorouu (5) 1 (7) Buznauaemo toBumny hi CE:

2 2
)= b0, =)0,
7(7) i Cni

3actocoByroun (8) mist koxHoro CE onep-
KY€EMO TOMOJIOTII0 TUIACTMHU 31 CXIJ4acTo
3MIHHOIO TOBIIIMHOIO.

VY Bunmanky (i3u4HO HENiHIHHOTO aedop-
MYyBaHHsI TOBIIMHA /i B (8) BU3HAYAETHCA 1TE-
paliifHO IUIAXOM IMOCIIAOBHOTO YTOUHEHHS Ei
i eni. [ 1HIIUX, 3acTepekeHuXx Bulie (Timo-
Te3a 2) KpalloBUX yMOB, HABEIACHHM MiIXiJ
30epirae cuny. [Ipu 11bomy, pilieHHs, IO BXO-
IaTh B (4) 1 (8) 3amo3uyeHi 3 [3].

Po3paxyHku Ty, mapHipHO 00mepToi 1o
KOHTYpY, BuKoHaHi y cepenosuii [1K «Jlipa-
10.6», sika MICTUTB Y c001 OJI0K EHEePreTHYHHUX
PO3paxyHKiB 1 JEMOHCTPYIOThCS TpadiuyHOIO
iH(dopmartieto, HaBeeHOO Ha Puc. 3.

(8)

h, m

Puc. 3. PamtionansHa moBepxHs IUIACTHHH, MIAPHIPHO OOMEPTOI 110 KOHTYPY: a — oTpuMaHa 1o [4]; 6 — oTpu-

MaHa 110 (8).

Fig. 3. Rational surface of the plate hinged along the contour: a - obtained by [4]; b - obtained by (8).
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BuruH miacTMHM MOMEHTAMM, MNPHUKJIANe- Yuctnii Burun miaactunm (Puc. 5).
HHUMH 0 ABOX NPOTHJIEKHUX cTOPiH (Puc.4).

! Y ]
-'w/\\ S S

%{\
\

Puc. 4. IlpsMokyTHa II1acTUHA, BUTHYTa MOMEH-

TaMM, IPUKIALCHAME 10 ABOM IIPOTHIICHK- Puc. 5. Yucrtuii Burus nnactunu: Mo=const; a,b —
HUM cTOopoHaM, My=const. T€OMETPHYHI PO3MIpH IUIACTHHH.
Fig. 4. A rectangular plate curved by moments Fig. 5. Clean bf:nd}ng of.the plate: Mo=const; a, b -
applied to two opposite sides, My=const. geometric dimensions of the plate.
may Sx 6aunmo 3 (1), 3 o6sikom Toro, mo [3]:
" 1 a tha,ch———
. M
K, = Z b “ S, M !x2+y2!
maasm cha,| may 5 a W =20
———sh—= 2D(1+v)
a a
2M \1-v
a tha ch™2 — h, =4|—2—2 = const 10
m m a E-e ( )
n
K. = S 1 _2ch mpny sin mix YucenbHUI pO3paxyHOK IUIACTUHH, IE€MOH-
2 Ssm cha, a a CTpyeTbest rpadiuHo0 iHpOpMAIli€ro, Mpes-
Puc. 7.
may |, may CTaBJICHOIO Ha
e Py Ml
a a . .
JIBi IpOTHJIEKHI CTOPOHM IJIACTHHH IIAP-
a tha sh™? _ HipHO 00mepTi, a ABI iHmWi 3aTHCcHeH] (Puc.6).
a
= 1 m mx
K, = Z —sh M2 _ CoS—;
m3sm cha, a a
m m
_mmy L mw
a a
mmb
a, =—,
2a

7’E-e ©) Puc. 6. IBi mpoTHiiexHi CTOPOHU TUIACTHHH IIap-
HIpHO OOIIepTi, a IBi  iHIII 3aTHUCHEHI: ¢ —
PIBHOMIpHO pO3MOiiieHe MO IO ITaCTH-
HY HaBaHTaXCHHS; a,b — TeOMETpHYHI PO3-
MipH TIACTHHH.
Fig. 6. Two opposite sides of the plate are hinged,
and the other two are clamped; a, b -
geometric dimensions of the plate.
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,
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Puc. 7. PamionansHa OBEPXHS )KOPCTKO 3aTUCHEHOI IUTACTHHU: a — OTpUMaHa 110 [4] ; 6 — otpumana 1o (10).
Fig. 7. Rational surface of the rigidly clamped plate: a - obtained by [4]; b - obtained by (10).
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1
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{(1 —a tha, )sh 22 2 o }
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“ q;zﬁ;h(;* "o,

L _a [2440-27)-0,
B 7’E, e, (11)

ni

YucenbHuM po3paxyHKHU IIACTUHU, IEMOH-
CTpyeTbes rpadiuHo0 iH(DOpMaIlieo, HaBee-
Hoto Ha Puc. 8.
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6- 0.038

0.036
0.034
oo 0.032
[ o 0.03
0.028
0.026
0.024
Voo il 0.022 =

’w‘t 0.02
i‘ 0.018
0.016
0.014

*B 0.012

# 0.01

[ 0.008

s M 0.006

Og3,

Puc. 8. PamionanpHa moBepXHs IJIaCTUHM [Bi MPOTHJICKHI CTOPOHHU SIKOI LIapHIpHO oOmepTi, a ABi  iHII
3aTHCHEHI: a — oTpuMaHa 1o [4] ; 6 — orpumana 1o (11)
Fig. 8. Rational surface of the plate, two opposite sides of which are hinged, and the other two are clamped: a

- obtained by [4]; b - obtained by (11)

3icTaBiCHHS OTPUMAHUX pIllIEHb 3 PillICH-
HSAMH, HaBEJACHUMHU B [4], sIKi BIAMOBIAAIOTH
IUTACTUHAM 1MAaKCUMAJIbHOI >KOPCTKOCTI, Jie-
MOHCTpYE iX SIKICHY MOTOP)KEHICTb.

3Ha04M MOJIsl PO3MOJLTY TOBIIMHY IJIACTUH
(eTanmoHHE pIilIEHHS) Ta TPU YMOBI 3aCTOCY-
BaHHS KOHCTPYKTHBHOI 1J1€0JIOTil CHUCTEMHU
«MoHodaHT», 3'IBISETHCS MOKJIUBICTH CTBO-

Bxiagum-nycroroyrsoprosad,
10 3aXOPOHIOETHCS

PEHHSA IJIACTUH 3 MPOCTOI0 ab0 3a7aHOI0 30B-
HIIIHBOIO TEOMETPi€l0 U  PO3paxyHKOBOIO
CKJIaIHOI0 BHYTpimHbOO (Puc. 9) [5].

Jani cmij 3M1MCHUTH TTepeBipKY BUKOHAHHS
BCIX OOMEXeHb 3aBJaHHs (OCTATOYHE pIllICH-
HS) 1 Y BUTIQJKy HEBUKOHAHHS YKOJAHOTO 3 HHX,
CKOpETyBaTH pIlICHHS, BUKOPUCTOBYIOUH BH-
KJIQZCHUH TYT MiIX1]1I.

BKHagI/IH.I-HyCTOToyTBOQIOBa‘{,
110 3aXOPOHIOETHCA
P e <

Puc. 9. [InactuHa 3 MpOCTOIO 30BHIMIHBOIO i PO3PaXyHKOBOKO CKJIaTHOIO BHYTPILIHEOIO [€OMETPI€I0: a — BH-
MaJi0K BUTKHOTO CITUPaHHs; O — BUITAJJOK 3MIIIAHOTO CITUPAHHS
Fig. 9. Plate with a simple external and calculated complex internal geometry: a - the case of free support;

b - the case of mixed support.

BUCHOBKU TA PEKOMEH/IALIIT

bioniko-enepreruunuit Mmeron [2] € edek-
TUBHUM I1HCTpyYMEHTapieM (opMyBaHHS 00pa-
3y KOHCTpPYyKUiH (hopma i 3MicT), 110 BOJOII-
I0Th IIUTMM HaOOpOM IMO3UTHUBHUX BIACTHBOC-

Tel, TaKUX SK MiHIMaJlbHA BUTpATa MaTepiany
pu ¢ikcoBaHii YKOPCKOCTI
(HecydJa 3aTHICTH), 200 MaKCUMaJIbHA JKOPCT-
KicTh NpH (iKCOBaHii BUTpaTi Marepiany. Bu-
KJIAQJCHUHA TIiIXi B TOBHIA Mipi MOXe OyTH
3aCTOCOBAaHO TNpU BU3HAUYEHHI KOHCTPYKTHB-
HUX NapaMeTpiB GyHIaMEHTHUX TUIUT.
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Topological optimization of the plate

Valery Shmukler,
Olena Lugchenko,
Ali Nazhem

Summury. The paper provides the procedure of
forward-engineering (intelligent) plate design. This
technology is an exclusive modification of topo-
logical (bionic) optimization. It is based on the
new energy principles and the algorithms for suc-
cessive construction of geometric and/or physical-
mechanical “pattern” of a structure.

The sequence of computational operations of
the method in question is illustrated on example of
forming plate of energetically uniform strength.

The solution is built analytically to show the
nuances of the operations required. The decision of
the future analytically helps to show the nuances of
the necessary operations. At the same time, on the
given supports, it is shown that the introduced op-
timization criteria determine, at the same time to-
gether, the minimum volume of constructs, and
also their minimum deflections.

A fundamental element of the given approach is
the use of a new criterion for the limit state, which
provides an estimate of the element’s stress. In this
case, the properties of the material and the type of
the stress and strain state are taken into account.

The analytical solution obtained was used as a
checkup test for the general computational proce-
dure of the method in question. In this connection,
the paper features the results of analytical and nu-
merical solutions. The efficiency of the computa-
tional procedure is confirmed by the rate of its
convergence and the minimal variation of geomet-
rical construction parameters (topology) with test
cases. The technological sequence of computation-
al operations of the method in question is complet-
ed by the construction of elements (plate) with
basic external and complex internal geometry,
which provides a holistic set of positive power
structures, such as minimum consumables in a
fixed brutal state, or maximum weight in a fixed
organization.

Key words: rationality, density of potential de-
formation energy, energy balance, bionic-energy
method, equivalence.
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