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l'anenxo €.0. TexHomnoris rpaBiTaliiHOTO BHUIABIIOBaHHS apMOOETOHHUX
KOHCTpPYKIII. — KBamidikariiiina HaykoBa mpaiisl Ha IpaBax pyKOIHUCY.

Jucepranisi Ha 3400yTTsI HAYKOBOTO CTYINEHs JOKTOpa (inmocodii 3 ramysi
3HaHb 19 — ApxitekTypa Ta OymiBHHUIITBO, 3a CIemianbHICTIO 192 — BynaiBHUAIITBO
Ta HMBIJIbHA 1HXEHEpisl. — KUIBChbKUI HAIllOHATBHUN YHIBEPCUTET OyIIBHHUIITBA 1
apxitexktypu, MOH Vkpainu, Kuis, 2025.

HucepramiitHa po0OoTa NPHUCBAYCHA BUPIIICHHIO MPOOJIEMHOTO MHUTAHHS 3
MOJIMIIEHHST SKOCTI MIJ36MHUX CTIHOBUX KOHCTPYKIIM Ta €(EeKTUBHOCTI iX
3BEJICHHS 3 PIBHA TIOBEpXHI TIPYHTY 3@ paxyHOK 3aCTOCYBaHHS METOAY
I'PaBITALITHOTO BUJIABJIFOBAHHS apMOOETOHHUX KOHCTPYKIIIH.

B nuceprarttiiiniit po60TI po3KpUTa aKTyalbHICTh TPOOIEMHOTO TUTAHHS, SIKE
MOJIATAE Yy TOMY, 1110 TIPH 3aCTOCYBAaHHI HAMOUTBIN €(hEKTUBHOT TEXHOJIOT11 3BEICHHS
M1JI3¢MHUX BEPTUKAJIBHUX CTIHOBUX KOHCTPYKIIM — «CTIHHW B IPYHTI» BIJICyTHS
MOYKJIMBICTh KOHTPOJIIO Ta 3a0e3MeYeHHs IKOCTI MOHOMITHUX 1 301pHO-MOHOJIITHUX
KOHCTPYKIIIM B MpoOILEeCl iX 3BEACHHS, a MPH 3aCTOCYBaHHI 30IpHUX KOHCTPYKIIIN
301IBIIYETHCS KUTBKICTh CTHUKIB MiX OKPEMHUM KOHCTPYKTHBHHMHU €JIE€MEHTaMHU,
BJIAIITYBaHHA SIKUX YCKJIaJHEHE Ta He 3abe3rneuye CTaOUIbHUII PIBEHb SIKOCTI
CTIHOBMX KOHCTPYKIIM, IO BIAMOBIIHO 30UIbIIyE BUTPATH Ha YCyHEHHS iX
nedeKxTiB.

OmHUM 31 NUISIXiB BUPIMICHHS I[HOTO MPOOJIEMHOTO MUTAHHS € 3aCTOCYBAaHHS
TEXHOJIOT1i TPaBITALIMHOTO BUAABIIOBAHHS apMOOETOHHUX BEPTUKAJIBHUX CTIHOBUX
KOHCTPYKIIM Mi36MHUX CHOPYHA, SKUWA JO3BOJUTH KOHTPOJIOBATU SIKICTh
BUTOTOBJICHUX KOHCTPYKIIi/ 10 OIyCKaHHS iX B TPAHIIIEIO, a 32 PaXyHOK BiJICyTHOCTI
oOMexeHb rabapuTiB, K y 301pHUX KOHCTPYKIISAX, SMEHIITUTH KUIbKICTh CTUKIB MIXK
KOHCTPYKTUBHUMH €JIEMCHTAMH.

TexHonoris  rpaBiTalliiHOTO  BUWJAABIIOBaHHS  mependadyae  3BEACHHS
BEPTUKAJIbHUX MM1JJ36MHUX CTIHOBUX apPMOOETOHHHX (3a/11300€TOHHUX ) KOHCTPYKILIIH

y MONEPEIHbO BUKOIAHIN TPAHIIIET, 1110 3alOBHEHA INTMHUCTUM po3urHOM. CTiHOBA



KOHCTPYKIIISI BUTOTOBJISIETHCS Yy HEPYXOMIM omanyOHIH Momayiab-(opMi Ha PiBHI
MOBEPXHI IPYHTY.

[Tin 9ac BUTOTOBICHHSI KOHCTPYKIliS MOCTYIIOBO BHIIABIIOETHCS 3 MOIYIIb-
dbopMu 1111 BITACHOIO Baror0 BUTOTOBJICHOT YaCTHHU CTIHU Ta Baroro 1apiB OETOHHO1
cyMimni, SKI YKIagaroThcsi B TMpoleci Oe3mepepBHoro OertonyBaHHs. Ilicis
BUJIABITIOBaHHS KOHCTPYKINi 3 onamyOHOi MOIyinb-(pOpMH BUKOHYETHCS KOHTPOJIb
SKOCT1 BUTOTOBJIEHOT KOHCTPYKIIi. YacTuHA CTIHOBOI KOHCTPYKIIii, III0 BUXOAUTH 13
omanyOku, Oe3MepepBHO OIMYCKAETHCS 0 TPAHIIET Ta MICHsI TOCATHEHHS MPOEKTHOT
BIIMITKH 3aKPITUTFOETHCS Y IPOEKTHOMY TOJIOKEHHI.

Amnani3 myOmikaiiid Ta BiIOMOTO MPAKTHYHOTO JIOCBiy IMOKa3aB, IO ITUM
npoOJeMHUM TUTAaHHSIM 3aiiMaiucs Oararo BYeHUX Ta iHeHepiB. HeoOxigHo
3a3HAYUTH, 10 y MPOAHAII30BaHUX MPAIIX PO3MISIHYTO OCHOBHI aCEKTH 3BEICHHS
MiJ3eMHUX CIOPY/A, 30KpeMa TEeXHOJOTli «CTiHAa B IPYHT1». Bin3HaueHO BUCOKY
€(hEeKTUBHICTb 3aCTOCYBaHHS TEXHOJIOT1i «CTIHU B IPYHTI» NP 3BEACHHI IT1JI3€MHUX
CIIOpy/ TIIMOOKOTO 3aKJIalaHHs B YMOBax MIUTHHOI MickKOi 3a0ymoBu. TexHomoris
«CTiHA B TPYHTI» XapaKTepU3YEThCs 3aCTOCYBaHHSIM TaIbOBUX 1 CTIHOBHX
(MOHOMITHUX, 30IpHUX Ta 301PHO-MOHOJIITHUX ) KOHCTPYKITIH.

Haiibinpmn mupokoro 3acTocyBaHHS HaOyjga TEXHOJIOTiS BIIAILTYBAaHHSA
CTIHOBMX MOHOJIITHUX KOHCTPYKIIIH, IO TOB’SI3aHO 3 BIJHOCHO HEBEIUKOIO
KUTBKICTIO MPOILIECIB Ta ONepallii, ki BUKOHYIOTbCS Ha Oy/l1iBeIbHOMY MaillaHYHKYy,
Ta 3 BIJCYTHICTIO MOTpeOM B oOpranizaiii BHUpOOHWYOT Oa3u JjIsi BUTOTOBJICHHS
301pHUX KOHCTPYKIIIM.

[Ipu ubOMy BHSBJICHO, 110 BJIAIUTYBAaHHS MOHOJITHOI CTIHOBOi KOHCTPYKIIT
BUKOHYE€TBHCSI IIUISIXOM YKJIaJaHHs OETOHHOT CyMillll Ha 3HaYHYy DIMOUHY Mif I1apoM
[JIMHUCTOTO PO3YHHY, IO MOCTYNOBO BUTICHSAETHCS 3 TpaHiiei. B pesynsrari poro
MOJIMBE TIE€pEeMIIIyBaHHA OETOHHOI CyMilIl 13 DJIMHUCTHM pPO3YMHOM Ta
HaBKOJIMIITHIM TPYHTOM, a TAaKOXX HAJMITAHHA TJIMHU Ha apMaTypHUN Kapkac, 110, 31
CBOTO OOKY, B€/ie IO 3HAYHOTO 3HM)KEHHS SKOCT1 CTIHOBOT KOHCTPYKIIII.

Ha migcraBi aHanizy MOXKJIMBUX PIlIEHb OO0 MOJIMIIEHHS SIKOCTI MiA36MHUX

BEPTUKAJIBLHUX CTIHOBUX KOHCTPYKIIIH, 1110 3BOJSATHCS 3 PIBHS MMOBEPXHI IPYHTY, OYyI10
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3po0JICHO  TMPUIYIIEHHS, [0 3aCTOCYBaHHS  TEXHOJIOTil  rpaBiTaIlIHOTO
BUJIABIIIOBaHHS apMOOETOHHUX KOHCTPYKIM (BiZOMOro 3a MaTeHTOM Ha CHoci0
3BEJICHHS MOHOJITHOI OyIIBEIbHOT KOHCTPYKIIii) JO3BOJIUTH 3HAYHO MOJIMIIUTH
SIKICTB IMI3€MHUX CTIHOBUX KOHCTPYKIIIH Ta MiIBUIIATH MPOTYyKTUBHICTH TPOIIECY.
BianoBinHo 10 11i€1 po60YOi TimoTe3u oOpaHa MeTa MOCTIKEHHS — T1IBUIIECHHS
€(hEeKTUBHOCTI TEXHOJIOT11 BIAIITYBaHHS CTIH B IPYHTI IIUISIXOM OOTPYHTYBaHHS Ta
pPO3pOOICHHSI TEXHOJOTIi BIAIITYBAaHHS CTIHOBHX AapMOOETOHHUX KOHCTPYKLIN
METOIOM TPABITAIIHOTO BHUJABIIOBAHHS. 3TiJHO METH JOCIHIKEHHsS Oyso
BUKOHAHO aHaJIi3 TEXHOJIOTIH BJIAIITYBAHHS MOHOJIITHUX CTIH B KOB3HUX OMAIyOHHX
CHUCTeMax, SKI 3a CBOIMH NPHUHLUIIAMH TOMIOHI 10 METOMy TpaBiTALlifHOTO
BUJIABITIOBaHHS.

BiamoBimHo 1o po6odoi rimore3w OyB BHU3HAYEHUW OO’ €KT MOCTIIKCHHS —
TEXHOJIOT1sI 3BEJICHHS MIA3EMHUX CIOPYI 32 METOAOM «CTiHA B IPYHTI». 3TiIHO 3
METOI0 JOCHIKeHHs1 OyB c(hopMoBaHMI MpeaMeT AOCHIKEHHS — TEXHOJOTIYHI
napamMeTpH TPOIECIB YIAITYBaHHS CTiH B TPYHTI 3a METOJOM TPaBITAIIHHOTO
BUJIABITIOBaHHS apMOOETOHHUX KOHCTPYKITii.

Po3po0neHo MeTomuky IOCHIDKeHHS Ta OOpaHO BIAMOBIAHI METOAH
JOCII/DKEHHSA, 10 SIKUX BIJHECEHI: OMUCOBHM, TMOPIBHSUIBHUNA (3ICTaBIICHHS W
IPOTHCTABIICHHS), METOJ] E€KCIIEPTHOI OIIIHKH, METOIH EKCIIEPUMEHTAIBHOTO W
OpraHi3alifHO-TEXHOJIIOTIYHOTO ~ MOJENIOBaHHs,  (opmamizaiii,  CHCTEMHO-
CTPYKTYPHOTO ¥ CTaTUCTUYHOTO aHaji3y Ta CHHTE3y TEXHIYHHX pIllleHb;, Teopii
MHOXXHHH 1 TeOpil HMOBIPHOCTI.

J5is oOTpyHTYBaHHS TEXHOJIOT] IPaBITAIIITHOTO BUAABIIOBAHHS apMOOETOHHUX
KOHCTPYKIIIM MiA3eMHUX CHOPYA TPOBEICHO CHCTEMAaTH3aIlil0 Ta IOCIHiHKCHHS
(akTopiB, 1110 BIUTUBAIOTHh HA €(DEKTUBHICTH JAHOT TEXHOJIOT 11, IKUX OyJI0 BUBHAYEHO
3HA4YHy KUIbKICTh. HaiiOinpmn BIIMBOBUMH (DaKTOpaMU Ha MPOAYKTHUBHICTH 1
TPYAOMICTKICTh ~ TIPOILIECY BHUTOTOBJICHHS CTIHOBOi ~ KOHCTPYKII  METOJOM
TPaBITAIlIHHOTO BUJABIIOBAHHS € TEOMETPUYHI PO3MIpH KOHCTPYKIIi, dac

HaOWpaHHs po3NanayOHOT MIIIHOCTI, Yac MOYaTKy TY>KaBiHHS OCTOHY.



Ilin yac nmocmimxeHHs Oyna po3poOseHa MOJEIb KOMIUIEKCHOTO MPOIEeCy
BUTOTOBJICHHSI CTIHOBOi KOHCTPYKIII METOJOM TIpaBITAllifHOTO BUAABIIOBAHHA 3
MOYaTKy MOHTa)XKY ONaIyOHOI MOAYJb-(OpPMH Haja MONEPEIHbO BIAIITOBAHOIO
TpaHILEIO, IKa BUKOTIAHA 32 TPAJUIIITHIM METO/IOM «CTIHA B IPYHTI», 10 IEMOHTAXY
MOIYJb-(hOPMH TICJIS 3BEACHHS CTIHOBOI KOHCTPYKIli. OCHOBHMMH B KOMILJIEKCI
pOOIT BCTAHOBJICH] HACTYIHI MIPOIIECHU:

— MOHTaX ONaxyOHOI CUCTEMHU IpaBITALIMHOTO BUIABIIOBAHHS;

— cTabuTizallis TpaHiiei Ha Mepioj]] BUKOHAHHS pOOIT 3a JOMOMOTOK INIMHUCTOTO
pO34MHY, 110 Mepeadavyae 3aMiHy [IMHUCTOTO PO3YMHY MICJS BUKOIYBaHHS
TpaHIlei, HOro OUUILCHHS Ta PEreHepalliio;

— ynamTyBaHHS 301pHOT YaCTUHM CTIHOBOI KOHCTPYKIIIT a00 OMOpHOi OaJIKu, Ha SKY
MOBMHHA 0OMUPATUCA MOHOJITHA YACTUHA B ITPOLIECI BUTOTOBJICHHS KOHCTPYKIIIi,

— apMyBaHHs KOHCTPYKIIIi, 1110 Iepeadavae BIaIITyBaHHS apMaTypHOTO KapKacy Ta
BCTAHOBJICHHSI HEOOX1THUX 3aKJIaJHUX JeTaleH;

— OEeTOHYBaHHSI Ta MOCTYIOBE BUAABIIOBAHHS KOHCTPYKIIIi O TpaHIIIeT;

— BHCTOIOBAaHHS O€TOHY TmependayaeTbCs TMICAS  BIALITYBAHHS — IEPIIOTO
MOHOJIITHOTO SIpyCy /10 HaOupaHHsI 6€TOHOM HE0OX1HOT po3naayOHOI MIITHOCTI;

— BUIIPABJICHHS MOXJUBHUX Je(EKTIB OETOHYBaHHS CTIHOBOI KOHCTPYKIII Ticis ii
BUJIABJIIOBaHHS 31 CTAlllOHAPHOI OMaTyOHOT MOAYb-(OpMU;

— (bixcarlist CTIHOBOT KOHCTPYKIIIi y MPOEKTHOMY TOJIOKEHHI,

— 3allOBHEHHS IMa3yX MIDK CTIHOBOIO KOHCTPYKIIIE€O Ta CTIHKAMHU TpaHIel
TaMITOHAKHUM Marepiajiom;

— JIEMOHTaXX OOJIafHAHHS JIJIs BIALITYBAHHS M1A3€MHOI CTIHOBOI KOHCTPYKIIii.

Ha ocHoBi gaHoi mozeni OyJio BUKOHAHE JOCIIKEHHs BIUIUBY MOMNEPEIHBO
BiIIOpaHuX (PAaKTOpiB HA TPYAOMICTKICTb Ta HPOXYKTUBHICTH BUTOTOBJICHHS
CTIHOBOi KOHCTPYKIIi 3a METOIOM TpaBiTalllfHOTO BHUAAaBIIOBaHHSA. B mporeci
aHaj i3y HOPMAaTUBHUX JOKYMEHTIB IIOJO HOPM BHUTpAT Mpail 1 HOpM 4Yacy Ha
BUKOHAHHA OyAIBEJBHUX IPOLIECIB BCTAHOBJIECHO, IO ICHYIOYlI HOPMU HE MOXYTb

OyTH BUKOPHUCTaHI ISl JOCHIDKEHHS TPYAOMICTKOCTI IPOIECY BHUTOTOBJICHHS
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CTIHOBUX KOHCTPYKI[IH METOAOM TIpaBITAlliiHOTO BHUIABIIOBAHHSA, a TOMY B
JOCIIPKEHHI OyJ0 BUKOPUCTAHO METOJ LIJIOYHMCIOBOTO HOPMYBAHHS, MPHU SIKOMY
OKpeMHUi1 mpoliec AUIITh Ha OKpeMi orepariii Ta Aiii.

B mpoueci pocnimxenHs Oyllo BCTaHOBJIEHO, IO BJAIITYBAaHHS MEPIIOTO
Apycy CTIHOBOI KOHCTpykuii 3 6erony C25/30 (mpu Temmneparypi Big +10 °C mo
+25 °C) mOBMHHO 3HAaXOAUTHUCh B Mexax Big 4 g0 10 romguH, mo 3abe3nedye
HEOOXITHUI Yac IJIsl JOCATHEHHS OETOHOM NOTPIOHOI MIIHOCTI Ui MOYaTKy
BUJIABIIIOBAHHS KOHCTPYKIIli 0€3 MOXKIIMBOIO HOTO 3UEIJIEHHSI MaTepiaJioM Halyou.

BusiBneHo, 1o mBHAKICTh OMYCKaHHS TOTOBOi CTIHOBOI KOHCTPYKIIIT TOBUHHA
OyTu Mexax BiJl 5 cM/Toz 10 25 ¢M/TOf, 1110 103BOJISIE 3a0€e3MeUnTr Oe3MepPEePBHICT
nporecy OeTOHYBaHHS NP 30€pEeKEHHI MIIHOCTI MIOWHO C(POPMOBAHOIO APy
OETOHHO1 CyMIIII Ta YCYHEHHS MOXKJIMBOTO HOTO 3UEIUJICHHS 13 MarepiaioM Hairyou.
Ie BimmoBizae IHTEHCUBHOCTI OETOHYBaHHSA B Mexkax Bin 12 m*/rom mo 20 m*/rom.
[Ipu 3MeHIIIeHH] MIBUIKOCTI CIIOCTEPITa€ThCs 301IBIIIEHHS TPUBAIOCTI ITUKITY, IO
MOXKE€ TPHU3BECTH A0 NEPEBUILEHHS TPAHUYHOTO 4Yacy CTIMKOCTI TpaHiuei, a
301TBIIICHHS MIBUAKOCT1 CTBOPIOE PU3UKHU JIJI CTPYKTYPHOT IIJIICHOCTI KOHCTPYKITIT
4yepe3 HeOCTaTHINA Habip MIITHOCTI OETOHOM.

JlocipKeHHS. IPOAYKTUBHOCT] BUTOTOBJICHHSI KOHCTPYKIIIT I03BOJIUIIM BUSBUTU
aHAJIITUYHI 3aJEKHOCTI TMPOMYKTHUBHOCTI Ta TPYAOMICTKOCTI MpOIECY BiJ
TeOMETPUYHUX PO3MIPIB KOHCTPYKIIi1, Yacy HaOupaHHs po3nanryOHOI MIITHOCTI, 4acy
MOYaTKy TY>KaBIHHS OETOHY 1 Yacy HaOUpaHHS MaKCUMAaJIbHOI MIITHOCTI OETOHOM, 32
SIKOT 11I€ BIJICYTHE 34ETJICHHS 3 TOBEPXHEIO Mayou.

B pe3ymbraTri BHKOHAHOTO JOCIHITKCHHS BCTAHOBJICHO, IO TEXHOJIOTISA
I'paBITALITHOTO BU/IABJIIOBAHHS apMOOETOHHUX KOHCTPYKIIH MIA3€MHUX CIOPYI
e(eKTUBHA MPU BIAIITYBaHHI BEPTUKAIBLHUX CTIHOBUX KOHCTPYKIIii Ha ITTMOUHY Bif
15 M go 25 M mpu 3actocyBaHHI OeTOHy 3a kiacom He Hikde 3a C25/30 i
TeMIIepaTypl 30BHIIIHBOTO cepeaoBuina B iHTepsaii Big +10 °C go +25 °C. Takox
BCTAHOBJICHO, 1110 MpH MHOMHAX OlbiIe 25 M HEOOX1AHO 3aCTOCOBYBAaTH OETOHH 3

JIOMIIITKaMH, 1110 TTPUCKOPIOIOTH 1X TBEP/IIHHS.
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Ha mizncraBi BHKOHAHOTO MJOCHIKEHHS OyidM HajJaHlI pPEKOMEHJallli 1010
MPAKTUYHOTO  3aCTOCYBaHHS  TEXHOJOTIi  TpaBITAIMHOTO  BWIABIIOBAHHS
apMOOETOHHUX KOHCTPYKIIIH MiJ3€MHUX CHOPYI, MIOA0 O00JIacTi 3aCTOCYBaHHS,
MOCJIITOBHOCTI BUKOHAHHSI MPOLIECIB, MPOIYKTUBHOCTI 1 TPYAOMICTKOCTI MPOIIECIB.

JIis mpakTUYHOT peasizaiii pe3ylbTaTiB TOCTIKEHHS pO3pOOJIIEHO TEXHIUHE
3aBIAHHS O[O0 MPOEKTYBaHHS OMagyOHOT MOAY/Ib-POPMHU METOAY TpaBiTaIliHOTO
BU/IABITIOBAHHS.

HaykoBa HOBHM3HA pe3ylnbTaTy JOCHIDKEHHS Yy BUDISIAL  TEXHOJOTIT
I'paBITALIITHOTO BHUJIABIIOBAHHS apMOOETOHHMX KOHCTPYKIIIH CTIH B TpaHIIESX 3
[JIMHUCTOIO CYCIIEH31€10 XapaKTePU3y€eThCsl HACTYITHUMH O3HAKAMH:

— 6énepute OOTPYHTOBAHO KOHCTPYKTHUBHI MMapaMETPHU CTiH B IPYHTI M TEXHOJIOT14H1
napameTpH Mpolecy iX BIAIITYBaHHS, 32 SIKMMH BIJIKPUBAETHCS MOXKIIUBICTD
BUKOPUCTAHHS METONY TpaBITAIIIHOTO BUAABIIOBaHHS TMpHU 3a0e3MeueHH]
MIJBUIIEHOI SIKOCTI CTIH Ta MPOAYKTHUBHOCTI iX BiamTyBaHHA. Jlo Takux
napaMeTpiB BIIHECEHO F€OMETPUYHI PO3MIpH Ta MOHTAXXHA Bara KOHCTPYKIII,
yac HaOWpaHHS PO3MadyOHOI MIIHOCTI, Yac MOYaTKy TY)KaBiHHS OETOHY, Yac
HaOWpaHHS MaKCUMaJIbHOT MIITHOCT1 OETOHOM, 32 SIKO1 I11€ BiJICYTHE 34ETUICHHS 3
MOBEPXHEI0 MajyOH, a TAKOXK 3aJIEKHOCTI MPOIYKTUBHOCTI Ta TPYIAOMICTKOCTI
MPOIIECY BUTOTOBJICHHS KOHCTPYKIIT BiJ I T€OMETPUYHUX PO3MIpIB, Yacy
HaOWpaHHS PO3MATYyOHOT MIIHOCTI, Yacy MOYaTKy TYy>KaBiHHA OETOHY Ta yacy
HaOMpaHHS MaKCUMAaJIbHOT MIITHOCTI OETOHOM, 32 SIKOi I11€ BIJICYTHE 34ETIJICHHS 3
MOBEPXHEIO MATyOH;

— YOOCKOHAeHO  KOHCTPYKTHBHO-TEXHOJIOTIYHE  pIIIEHHS  MOIyJs-popmMu
OmaTyOKH JyTsl peatizallii HOBOT TEXHOJIOTIT TPaBIiTAIliiHOTO BUIABIIOBAHHS CTiH
B TIPYHTI, 3HaWJIeHI OCHOBHI KOHCTPYKTHBHI IapaMeTpu OINaITyOKH, SKI €
HIATPYHTSAM 14 ii TPOMHUCIOBOTO BUTOTOBIICHHS;

— ompumania nooarbwiull po36uUmox Teopis OyIiBeIbHUX MPOIECIiB B YacCTHHI
3BEJICHHS IMIJI3¢MHUX BEPTUKAJIbHUX CTIHOBUX KOHCTPYKIIIH Ta TEXHOJOTIi

3BEJICHHS IMI3€MHUX CTIOPYI.



[IpakTryHa IHHICTH POOOTH MOJISATAE Y MIABUILICHH] €()EKTUBHOCTI TEXHOJIOT11
BJIAILITYBAHHA CTIH B IPYHTI IIJISIXOM OOIPYHTYBaHHSI Ta PO3POOJIEHHS TEXHOJOTIT
BJIAIITYBAaHHS CTIHOBUX apMOOETOHHMX KOHCTPYKIIH METOAOM TpaBiTallliHOTO
BUJIABIIIOBaHHS, 1110 JO3BOJISIE KOHCTPYKTOpAaM PO3pOOUTH KOHCTPYKTHBHI PIIICHHS
onaiyOHOi MOAyIb-(POpMHU TPaBITAIIHHOTO BUIABIIOBAHHS, MPOEKTYBATHHUKAM
pO3pOOSIATH BIAMOBIIHI TEXHOJOTIYHI KapTu, a OyaiBeJbHUM OpraHizalism
peani3oByBaTl TEXHOJIOTIKO TpaBITalliiHOTO BUAABIIOBAHHA apMOOETOHHUX
KOHCTPYKIIIM MiJ3eMHUX CIOpPYA. 3aCTOCYBaHHS HaHOi TEXHOJIOTIi JI03BOJHTH
KOHTPOJIIOBATH SKICTh KOHCTPYKIIi Ha €Tarl il BUTOTOBJICHHS, 1110, 31 CBOTO OOKY,
MiIBUIUTE €(PEKTUBHICTh 3BEJICHHS MiA3€MHHUX CTIHOBUX KOHCTpPYKIH. Meton
IPaBITALIITHOTO BUIAABIIOBAHHS J03BOJISIE€ 301IBIIUTH MPOAYKTHUBHICTH MPOIIECY
BJIAILITYBAaHHA MOHOJITHUX CTIH B IPyHTI 10 17 % 1 3MEHIIUTH TPYIOMICTKICTb
npouecy 10 9 %.

KurouogBi cioBa: migzemHe OymiBHUIITBO, CTiHA B IPYHTi, MOHOJIITHUM OETOH,
[JIMHUCTUN PO3YMH, TpaBiTAIliiiHE BUABIIOBAHHS, OyIiBelbHA OCHACTKA, MOIY/h-

dbopma, TEXHOJIOTIYHUN MPOIEC, MPOAYKTHUBHICTh, TPYIOMICTKICTb.

ABSTRACT

Halenko Y.O. Technology of gravitational extrusion of reinforced concrete
structures. — Qualification scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 19 —
Architecture and Construction, specialty 192 — Construction and Civil Engineering.
— Kyiv National University of Construction and Architecture, Ministry of
Education and Science of Ukraine, Kyiv, 2025.

The dissertation is devoted to solving the problem of improving the quality of
underground wall structures and the efficiency of their construction from ground
level by using the method of gravitational extrusion of reinforced concrete

structures.



9

The dissertation reveals the relevance of the problem, which lies in the fact
that when using the most effective technology for the construction of underground
vertical wall structures — “diaphragm walls” it is not possible to control and ensure
the quality of monolithic and prefabricated-monolithic structures during their
construction, and when using prefabricated structures, the number of joints between
individual structural elements increases, the arrangement of which is complicated
and does not ensure a stable level of quality of wall structures, which accordingly
increases the cost of eliminating their defects.

One way to solve this problem is to use the technology of gravitational
extrusion of reinforced concrete vertical wall structures of underground structures,
which will allow controlling the quality of manufactured structures before lowering
them into the trench, and due to the absence of dimensional restrictions, as in
prefabricated structures, will reduce the number of joints between structural
elements.

Gravity extrusion technology involves the construction of vertical
underground reinforced concrete (reinforced concrete) wall structures in a pre-dug
trench filled with clay mortar. The wall structure is manufactured in a stationary
formwork module at ground level.

During construction, the structure is gradually extruded from the module mold
under the weight of the manufactured wall section and the weight of the layers of
concrete mixture, which are laid in the process of continuous concreting. After the
structure is pushed out of the formwork module, the quality of the manufactured
structure is checked. The part of the wall structure that comes out of the formwork
is continuously lowered into the trench and, after reaching the design mark, is fixed
in the design position.

An analysis of publications and known practical experience has shown that
many scientists and engineers have addressed this problematic issue. It should be
noted that the analyzed works consider the main aspects of the construction of
underground structures, in particular the “diaphragm wall” technology. The high

efficiency of the “diaphragm wall” technology in the construction of deep



10

underground structures in dense urban areas has been noted. The “diaphragm wall”
technology is characterized by the use of pile and wall (monolithic, prefabricated,
and prefabricated-monolithic) structures.

The technology of constructing monolithic wall structures has become the
most widely used, which is associated with a relatively small number of processes
and operations performed at the construction site and the absence of the need to
organize a production base for the manufacture of prefabricated structures.

At the same time, it has been found that the construction of a monolithic wall
structure is carried out by laying concrete mixture to a considerable depth under a
layer of clay mortar, which is gradually displaced from the trench. As a result, the
concrete mixture may mix with the clay mortar and surrounding soil, and clay may
stick to the reinforcement cage, which in turn leads to a significant reduction in the
quality of the wall structure.

An analysis of methods for erecting underground vertical walls from ground
level showed that applying gravity extrusion of reinforced concrete (as described in
the monolithic-structure patent) can significantly enhance wall quality and boost
productivity. Accordingly, this research aims to substantiate and develop an efficient
gravity-extrusion technology for soil-based reinforced concrete walls by examining
sliding formwork systems analogous to the gravity extrusion method.

In accordance with the working hypothesis, the object of the study was
determined — the technology of constructing underground structures using the
“diaphragm wall” method. In accordance with the purpose of the study, the subject
of the study was formed — the technological parameters of the processes of
constructing walls in the ground using the method of gravitational extrusion of
reinforced concrete structures.

A research methodology was developed and appropriate research methods
were selected, including: descriptive, comparative (comparison and contrast), expert
assessment, experimental and organizational-technological modeling, formalization,
systemic-structural and statistical analysis and synthesis of technical solutions; set

theory and probability theory.
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To justify the technology of gravitational extrusion of reinforced concrete
structures of underground structures, a systematization and study of factors affecting
the effectiveness of this technology was carried out, of which a significant number
were identified. The most influential factors on the productivity and labor intensity
of the wall construction manufacturing process using the gravity extrusion method
are the geometric dimensions of the structure, the time required to achieve formwork
strength, and the time required for the concrete to begin to harden.

During the study, a model of the complex process of manufacturing wall
structures using the gravity extrusion method was developed, from the beginning of
the installation of the formwork module over a pre-dug trench, which was dug using
the traditional “diaphragm wall” method, to the dismantling of the module after the
construction of the wall structure. The following processes were identified as the
main ones in the complex of works:

— installation of a gravity extrusion formwork system,;

— stabilization of the trench for the duration of the work using a clay solution, which
involves replacing the clay solution after digging the trench, cleaning it, and
regenerating it;

— installation of the prefabricated part of the wall structure or support beam, on
which the monolithic part should rest during the construction process;

— reinforcement of the structure, which involves the installation of a reinforcement
cage and the necessary embedded parts;

— concreting and gradual extrusion of the structure into the trench;

— concrete curing is provided after the installation of the first monolithic tier until
the concrete reaches the required formwork strength;

— correction of possible defects in the concreting of the wall structure after it has
been pushed out of the stationary formwork module;

— fixing the wall structure in the design position;

— filling the cavities between the wall structure and the trench walls with tamping

material;



12

— dismantling of equipment for the construction of underground wall structures.

Based on this model, a study was conducted on the impact of pre-selected
factors on the labor intensity and productivity of wall construction using the gravity
extrusion method. In the process of analyzing regulatory documents on labor and
time standards for construction processes, it was established that the existing
standards cannot be used to study the labor intensity of the process of manufacturing
wall structures using the gravity extrusion method, and therefore, the study used the
integer standardization method, in which a separate process is divided into separate
operations and actions.

The study found that the installation of the first tier of a wall structure made
of C25/30 concrete (at a temperature of +10 °C to +25 °C) should take between 4
and 10 hours, which provides the necessary time for the concrete to achieve the
required strength to begin extruding the structure without possible adhesion to the
deck material.

It was found that the speed of lowering the finished wall structure should be
between 5 cm/hour and 25 cm/hour, which ensures the continuity of the concreting
process while maintaining the strength of the newly formed layer of concrete mixture
and eliminating its possible adhesion to the deck material. This corresponds to a
concreting intensity of between 12 m3/hour and 20 m?*/hour. A decrease in speed
leads to an increase in cycle time, which can result in the trench stability limit time
being exceeded, while an increase in speed creates risks to the structural integrity of
the structure due to insufficient concrete strength.

Studies of the productivity of the structure's manufacture have revealed
analytical dependencies of the productivity and labor intensity of the process on the
geometric dimensions of the structure, the time required to achieve formwork
strength, the time required for the concrete to begin to set, and the time required for
the concrete to achieve maximum strength, at which there is still no adhesion to the
deck surface.

As a result of the study, it was established that the technology of gravity

extrusion of reinforced concrete structures of underground structures is effective in
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the construction of vertical wall structures at a depth of 15 m to 25 m when using

concrete of a class not lower than C25/30 and an ambient temperature in the range

from +10 °C to +25 °C. It was also established that at depths greater than 25 m, it is
necessary to use concrete with additives that accelerate its hardening.

Based on the study, recommendations were made on the practical application
of the technology of gravity extrusion of reinforced concrete structures of
underground structures, on the scope of application, the sequence of processes,
productivity, and labor intensity of processes.

For practical implementation of the research results, technical specifications
have been developed for the design of a formwork module for the gravity extrusion
method.

The scientific novelty of the research result in the form of a technology for
gravity extrusion of reinforced concrete wall structures in trenches with clay
suspension is characterized by the following features:

— installation of a gravity extrusion formwork system;

— For the first time, the design parameters of diaphragm wall and the technological
parameters of their construction have been substantiated, opening up the
possibility of using the gravity extrusion method while ensuring higher wall
quality and construction productivity. These parameters include the geometric
dimensions and installation weight of the structure, the time required to achieve
formwork strength, the time required for the concrete to begin to set, the time
required for the concrete to achieve maximum strength, at which there is still no
adhesion to the deck surface, as well as the dependence of the productivity and
labor intensity of the construction process on its geometric dimensions, the time
required to achieve formwork strength, the time required for concrete to begin to
set, and the time required for concrete to achieve maximum strength, at which
point there is still no adhesion to the deck surface;

— Has been improved the structural and technological solution of the formwork

module for the implementation of the new technology of gravitational extrusion
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of diaphragm walls, and the main structural parameters of the formwork have
been found, which are the basis for its industrial production.

— Has been further developed the theory of construction processes in terms of the
erection of underground vertical wall structures and the technology of
underground construction.

The practical value of the work lies in increasing the efficiency of the
technology for constructing diaphragm walls by substantiating and developing the
technology for constructing reinforced concrete wall structures using the gravity
extrusion method, which allows designers to develop structural solutions for the
formwork module for gravity extrusion, enabling designers to develop appropriate
technological charts and construction organizations to implement the technology of
gravity extrusion of reinforced concrete structures of underground structures. The
use of this technology will allow the quality of the structure to be controlled at the
stage of its manufacture, which, in turn, will increase the efficiency of the
construction of underground wall structures. The gravity extrusion method allows
increasing the productivity of the process of constructing monolithic diaphragm
walls by up to 17% and reducing the labor intensity of the process by up to 9%.

Keywords: underground construction, diaphragm wall, monolithic concrete,
clay mortar, gravity extrusion, construction equipment, module form, technological

process, productivity, labor intensity.



