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KAOEPA 3ANNI3OBETOHHUX
TA KAM'AHUX KOHCTPYKLIN



SIKA — BALU HAAINHUIA

NMPODECIAHUA NAPTHEP

Sika — WweeiLapcbkuUil KOHLEPH L0 NOHAA,
100 pokiB NpaLioe Ha BCIX KOHTUHEHTaX
cBiTY 3 060poTOM 6113bKO 6 MiNbAPAIB
A0Napis.

Sika cneujaniayeTbca Ha NPOAYKTax Ans
TaKUX Hanpsamis:

* [Mokpini (MBX Ta TNO membpaHu,
piAKi noniypetaHosi MembpaHu,
ytenntosay PIR, Heroptoyi NoKpuTTS,
6iTyMHi membpaHu);

www.sika.ua

liapoisonauia (enactmuHa miHepanbHa
rigpoisonauis, MBX membpanu, piaki
noniMmepHi membpaHu, 6itymHa
ripoi3onaLis, repmeTusaLlis Wais);

PemoHT 6eToHy (niacuneHHs
KOHCTPYKLii, BIAHOBNEHHS 6ETOHY,
3aXWUCHi MOKPUTTA, riapodpob6HI
NPONUTKM, aHOAHMI 3aXUCT);

Mignorv (matepianu 4ns nonimepHUX
nignor, matepiann Ha OCHOBI BOAHUX
Amcnepciii nonimepis, matepianu ana
3MiLLHEHHSA NOBEPXHi);

lepmeTusauis (repmeTusauia
BHYTPILWHIX WBiB, repmeTusauis
30BHiLLHIX WBIB);

03p061€eHHA (KNei 4nA NAUTKK,
3aTUPKK, KNET AnA GacasHUX cUCTEM,
Aepes’sHUX NOKPUTTIB Ta nigsior).

BYAYEMO A0BIPY



MIHICTEPCTBO OCBITU I HAYKHW YKPAIHU

KUIBCBbKUI HALIIOHAJIbHUI YHIBEPCUTET
BYIBHUIITBA TA APXITEKTYPU

I[TOJIbCbKA AKAJIEMIS HAVK
(ITPEJICTABHHUIITBO B YKPATHI)

POLSKA AKADEMIA NAUK

POBOYA ITPOI'PAMA TA TE3U JIOIIOBIJIENA
[IT HAYKOBO-ITPAKTUYHA KOH®EPEHIIIA

[MPUCBAYEHA 35-it PITYHNII
ABAPIT HA YOPHOBWJIBCBKII AEC

BYAIBJII TA CIIOPYIU
CIIEOIAJIBHOI'O TIPU3HAYEHHS:
CYYACHI MATEPIAJIM TA KOHCTPYKIIIT

22-23 xBitHst 2021 poky

KUIBCBKUI HAIIOHAJIBHUI YHIBEPCUTET BYIIBHULITBA TA
APXITEKTYPU

VYxpaina, M. Kuis, [ToBiTpodnorcskuii mpocmexkr, 31



OPT'AHIBATOPU KOH®EPEHIIIT

KUIBCHKUI HALIIOHAJIbHMI YHIBEPCUTET BYIIBHULITBA TA
APXITEKTYPU

CIIIBOPT AHI3ATOPU KOH®EPEHIIIT
MMOJIbCBKA AKAJIEMISI HAVK (ITPEJICTABHHUIITBO B YKPATHI)
KOH®EPEHUIA BIABYJAETHCS 3A YYACTI

MiHICTepCTBO OCBITH 1 HAyKH YKpaiHH,
MinictepcTBO 000pOoHH YKpaiHH,
Axanewmis OyniBHAIITBA Y KpaiHU.

HAYKOBHUI KOMITET KOH®EPEHIIII

Kyunikos [1.M. — ronosa

Kypascekuit O.]1.- 3aCTYyITHUK TOJIOBU

Asizos T.H., Kimimos H0.A.,
Bbabuu €. M., Knumenko €.B.,
baxenos B.A., Jlanenko O.1.,
Bambypa A.M., HocoBcrkuii A.B.
Bapabam M.C., ITaBmikoB A.M.,
binuk C.L., ITymkapsoBa K.K.,
brnixapcekwuii 3.41., Capunpkuii M.B.,
Bsttac M., Cremb6epr I1.,
Bohdan Demchyna Cyxanesnd M.B.,
Tl'oponeupkuii O.C., Uepnumes J1.0.
Hopodeer B.C., myxknep B.C.,
META KOH®EPEHIII{

CucremMHe JOCITIHKEHHS MPOOJIeM MPOSKTYBaHH, PO3paxXyHKY Ta €KCILTyaTarlii
OyIiBeIb Ta CIIOPY/T CIENiaThbHOTO TTPHU3HAYCHHS

MICIIE IPOBEJEHHS KOH®EPEHIIIT

KuiB KuiBcbkuii HallioHaNbHUH yHIBEpCUTET Oy IIBHHUIITBA 1 apXITEKTYPH
[MoBitpodutorcekuii mpocrexT, 31.

Kondepenuisn 0yae npopenena y nucranuiinin gpopmi
Ha miargopmi Microsoft Teams



TEMATHUKA KOH®EPEHIIII

* CyuacHi Oy1iBebHI MaTepialii Ta TEXHOJIOTT [Uist Oy 1iBeJb CIICIiaIbHOTO
NPU3HAYCHHSI.

* MeTou po3paxyHKiB OyliBeJb Ta CIIOpY/I.

* ExcriepuMeHTalbHI TOCIIHKEHHS KOHCTPYKIIN /17151 Oy 1iBeJIb Ta CIIOPY/
CHELIaILHOTO MPU3HAYCHHSI.

* [IpoexkTyBaHHs OyIiBeNb Ta CIIOPY/ CHEIiaTbHOTO IPU3HAYCHHS.
* TexHIYHMIA CTaH, PEKOHCTPYKIIiS Ta MiACUICHHS OYIiBEIb Ta CIIOPY/I.

* Komm'toTepHe MOZIeMOBaHHS KOHCTPYKIIIKA OYAiBEIb 1 CIIOpy/I CIeIiaTbHOTO
npuzHayeHHs 3a gonomoroto I1K "JIIPA-CAIIP"

EKCIIO3ULIMHA ITPOT'PAMA

[Tix wac mnpoBeneHHs KoH(epeHHii OakarouuM YyYacHHUKaM HaJa€ThCs
MOJKJIMBICTD JIJISl TIPE3CHTAIlll HAyKOBO-TEXHIYHHUX PO3POOOK 3 OyMdiBelb i CIOPY.

CHELIAILHOTO TPH3HAYCHHS,  HOBITHIX OyJiBENbHUX MaTepialliB Ta BHPOOIB,
HAYKOBO-METOMYHHX IPallb Ta PEKIAMHO-1H()OPMALIHHUX JPYKOBAaHUX MaTepiaib.
MYBJIKALII

3a pe3ympTaTaMu KOH(EpeHIii, KpamiMm podoTam Oyae 3ampOIOHOBAHO
oryOIikyBaTy HayKoBi mpaii B 8 BumycKy 30ipHMKa HayKOBUX mpaib «byniBenbHi
koHcTpykii. Teopis 1 mpakThKay.

Jo 30ipHmka yBilAyTh cTarTi, mo OyAyTh MOMAaHI 1 BIAMOBIAAIOTH yCIM
BHMOTaM JI0 O(OPMIICHHS, MICTSATh HAYKOBY 1 IPAaKTUYHY HOBHU3HY.

BinmoBinanpHiCTh 32 3MICT Ta PEIAKIIII0 HECE aBTOP CTATTI.
OPTAHI3BAIIVMHUI KOMITET

kypatoB O.1. — ronosa (KHYBA) [oskiBcbka B.B. (KHYFA)
Komnsixoa B.M. — 3acTynHHK rojioBu

(KHYBA) Bexkcnsipebka T.B.(KHYBA)
XKypascrekuit O.J]. (KHYBA)

Bonnapenxo O.I1. (KHYBA) Kypasceruit /1.0. (RHYBA)



HNAPTHEPU KOH®EPEHIIIT

OPprKkoMiTeT BUCIIOBIIIOE IIIUPY MOJSKY:

POLSKA AKADEMIA NAUK

a,
Z




PETJIAMEHT KOH®EPEHIIIT

3axin
Peectpanis
BinkpurTsa
KoH(pepeH1ii, naeHapHe
3acizaHHsA

ByniBeabHi KOHCpyKuii
Ta TEXHOJIOTIl

Cyu4acni OyaiBenbHi
MaTepiaau

Komn'toTepue
MO/IeJTIOBAHHS
KOHCTPYKIii OyaiBeJs i
CTIOPY] CHENiaILHOTO
NMpU3HAYEHHSA 32
nonomororo IK "JIIPA-
CAIIP".

Hara Yac npoBeaeHHs
22.04.2021 09:00-10:00
22.04.2021 10:00-13:00
Cexunisn 1

22.04.2021 14:00-18:00
Cexuist 2

23.04.2021 10:00-13:00
Cexkuis 3

23.04.2021 10:00-13:00

TpuBaicTh BUCTYIIB:

[Tnenapsi - 1o 20 xB.

Cexkuiiai — 10 10 xB.

Cekuin 1.
Cexknin 2.
Cexkuin 3.

3 ¢pinancoBux
MUTaHb

KOHTAKTH

Konsikosa Bipa MapkiBHa
Bbonnapenko Ouibra IleTpiBna

Bapa6am Mapis CepriiBHa

IlloBkiBchka BikTopist BacuaiBua

e-mail: knubazbk@gmail.com

IMocnnanus

IpueanaTuch 10
KoH(epeHii

IIpueaHaTuch Jo

KoHbepeHii

IIpueaHaTHCh 10

KoHdepeHIii

IlpueaHaTuch Jio

KoHdepeHii

067 509-06-05
097 683-68-85
095 286-39-90

066 460-00-01



POBOYA INPOTPAMA KOH®EPEHIIIT

PEECTPALISA YYACHUKIB
https://forms.gle/ WEVTMT7RhwsTB1Wr7

TVIEHAPHE 3ACITAHHSA
Hix’ennarucy 10 kondepeHuii

22 xBiTHsa 2021 p.

9:00 — Peecrpartist yaacHUKIB
10:00 — BigxputTs KoH(pepeHii, nepiie mieHapHe 3acilaHHs
13:00 — ITepepsa

1. Biranbze cioBo ['onoBu HaykoBoro komitery, pekropa KHYBA
npogh. Kynixkoe II.M.

2. BitaneHe cinoBo ['0I0BHM opraHi3aiiifHOro KOMITETy, HIPOPEKTOpa 3 HayKoBOi poOOTH
KHVYBA.
npogh. IllIkypamosg O.1.

3. Biransae cnoBo [Ipe3unenta akagemii OyniBHUITBA Y KpaiHu
npog., Hazapenxo I.1.

4. BiTanbHe CIOBO JTUPEKTOpa IHCTUTYTY MpoOiieM Oe3nekn aTOMHHX ejektpocTaniiii HAH
Ykpainu
npog., Hocoscokuii A.A.

5. IlepcrieKTHBBI pEIICHUS 3HEPTeTHYECKHX MpoOiaeM ['pysum u VYkpauHbl Ha OCHOBE
npuMeHeHnst ADC Majol MOIITHOCTH
k.m.n. T'ueuneinmeunu /I.51 (OOO «[IPOI'PECHy, 2. Tounucu, I'pysus)

6. Po3paxyHok criopy/1 B cucteMi "HazeMHa cropy/ia - GyHIaMeHTHI KOHCTPYKIIi - TpyHTOBa
OCHOBa
npogp. I'opooeuyvxuit O.C. (TOB JIIPA-CAIIP)

7. CyuacHi pimieHHs s OyniBHUITBa KoH(paiimenty HAEC
ooy. Ilanuenxo O.B. (TOB CIKA Ykpaina, KHYBA)

8. Bruax JIT HAIBK y BupimeHHI HayKOBO-TEXHIYHUIIX 3aja4 3 JikBimauii aBapii Ha IV
ononi Yopuoounscrkoi AEC.
npogp. bamoypa A.M. (/[I1 Haykoso - docrionuii incmumym 6y0ieeibHux KOHCMPYKYiiL)

9. OrJsi mepcreKkTuB cydacHoi poprudikarii
oouyenm, Muxanvuenxo C.B. (KHYFA)

10. Brius KoMIOHEHTHOTO ckiany Ha Tpancnopt ioHiB Cl Ta SO4* B HUIAKONYXHOMY
OeToHi.
acn. Boiixo 0., c.n.c. Kosanvuyk O. (H/[IBM, KHYBA)

11. Po3po0Oka TEXHOJOTIYHUX METOIB 3ano0iraHHs Ta MPUIMHEHHs Jy>KHOI KOpo3ii 6eTony
IIPY BUKOPHCTAHHI PEaKmiifHO 3/1aTHHUX 3alIOBHIOBAYIB.
acn. 3o3ynuneus B., c.n.c. Kosanvuyx O., cm. Pyozei /I. (H{IBM, KHYFA)

12. OuiHka Hecy4oi 3/[aTHOCTI 3a1i300€TOHHUX KOHCTPYKIIiil B MPOIIECi TX JKUTTEBOTO LUKITY 3
BUKOPHUCTaHHAM TexHouorii BIM.
npoe. bapaoaw M.C. (TOB JIIPA-CAIIP)

13. CyuyacHi eHeproed)eKTHBHI TEXHOJIOTIT B Oy/1iBHHUIITBI
npog. Hazapenxo L"?, k.m.n Iepezineus 1.2, suxnadau CuwocapB. 3, (KHVEA!, AFY?, IHO
KHYEA?)



EKOAOI 4RI PAUIOHAABHI PILLERHA
bIAbWE UIHAOCTI, MEHLWE WKOAN

®
www.sika.ua BYAYEMO JOBIPY A



ANA ENACTUHHOTO KPITIEHHA PEMOK
TA 3HVHEHHA BIBPALII

lcosit® KC

®
www.sika.ua BYAYEMO [10BIPY A



CEKIIIA 1

«byoieenvni koncmpykyii ma mexnonozii
Hpuennaruckh 10 kKoHdepeHuii

14:00 — Cekuiline 3aciganus

1. locnimxeHHS XapaKTepy pyiHyBaHHS 311300 TOHHIX KOJIOH B IPOCI4HiI 000iMi
npogp. IImyxnep B.", npogp. IMosoces C°, k.m.n. Illemposa O' ('XHYMI ineni O.M. Bexemosa,
2YIITF in. epois Yoprobuna HYIL]3 Vpainu)

2. ExcriepuMEHTaIbHO —TeOPETUYHI JOCIiIKEHHI KOHCTPYKIIH JUIs OyIiBenb Ta CIopy ..
k.m.n. Fanonosa JI., (XHYMI imeni O.M. Bexemosa)

3. BapiatuBHuii croci6 nouryky panioHaibHOI KOH(Irypauii miAmpHuX CTiH
npogp. Himyxnep B., Kanmuxoe O., (XHYMI imeni O.M. Bexemosa)

4. ExciepuMeHTaIbHI TOCIIKEHHS IIOCKOT 32113006 TOHHOT IUTUTH MiJICHIICHOT 30BHIIIHBOIO
HAIPYXEHOI0 apMaTyporo
k.m.H. Kypascovkuii O., acn. Tumowiyk B. (KHYEA)

5. BeToHN Ha OCHOBI IPOIYKTIB PELUKIIHTY OyAiBEIbHHUX BiIXOMiB
acn. Cmupnog A, npogh. Casunvkuii M., npogh. Hixigpoposa T. (/[BH3 I1/JABA)

6. TlincuneHHs cpilbuacTuX apok KOMIIO3UTHOK apMaTy PO Ha EMOKCUIHOMY KIIEHO
npo¢h. Muxaiinoscexuit /I.B., acn. Aooypaxmanos IlI. (KHYEA)

7. JocnimkeHHs e()eKTHBHOCTI MIICUIICHHS BUCSYMX METaJIeBUX KOHCTPYKIINH HACKPI3HOTO
repepi3y 30BHIIIHIM apMyBaHHIM METOJOM HaKJICIOBaHHs ()iOpOapMOBaHHUX CHCTEM
ooy. Pyounesa I., (KHYFA)

8. Hogwuii 6e3neunnii koHaitHMEHT — 1ocBi KoMmaHii Sika
kep. nanpamxy I'idpoizonauia 3axapos A.', oou. Cooro FO."?, ('TOB «Cixa Vipaina,

’HY «lvsiscora noaimexmixa»)

9. Hampy»xeHo-1epopMOBaHUH CTaH MOHOJIITHOTO PeOPHCTOrO MEPEKPUTTS CHIIOCY TIPH
MaKCHMaJIbHUX HaBAaHTAKEHHSIX
oou. Aoamenko B. (KHYBA).

10. AuxepyBanHs cTaneBoi (piOpH 31 3aTHYTUMH KiHISIMH y IpiOHO3epHUCTOMY OEeTOHI
npogp. Kinaw P."?, acn. Bidenxo L°, ('HTY AGH y Kpaxosi (Ionvwa), > JIHAY)

11. OcobuBOCTI OaraTomapoBUX KOHCTPYKIIIH 30BHIIIHIX CTIH
ooy. Maszypak A., acn. Kanvuenxo B., oouy. Maszypak O., (J/IHAY)

12. AHaiiz paMHUX BY3I1iB TpyOOOCTOHHOT KOJIOHH Ta CTaJIeBOi OAJKK B aCIEKTi
IIPOTPECYIOUOro pyHHYBaHHS.
acn. Jlasecokuii O. (KHYBA)

13. Ocob6aMBOCTI MPOEKTYBAHHS BEPTOJPOMHOI0 MailaHYKMKa Ha Jaxy OyaiBii
npodh. Ilepuaroe B., npogh. benamunckuii A., npogp. Axkmanodinosa O. (HAY)

14. Bankoea mooenb npu po3paxyHKy MiyHocmi 3a1i300emoHHUX naum npu npooasiio8anHi
npogh. Knimog 10. (KHYEA)

15. om0 pauioHaIbHOTO apMYBaHHS BY3JIOBHUX 3’ €IHAHb MOHOIITHUX IUTUT EPEKPHUTTS 3
BEPTUKAJIBHIMH €JIEMEHTAaMU
oouy. Agpanacwvesa JI., cmyo. Mockanenko M. (KHYBA)



16. Pe3ynbTaThl 3KCIEPUMEHTAIBHBIX HCCIICOBAHHUI ITMOKUX XKEIe300€TOHHBIX KOJIOHH,
apMUPOBAHHBIX BHICOKOIPOYHOH apMaTypoil.
ook.mexn.nayk /l[ymxeeuu Maueii, doyenm I'punée B. (Ynusepcumem nayxu u mexnuxu, (2. Boiocow,
Ionvwa).

17. TlaHens 3 nonepevyHo-KICEHOI IEPEBUHI apMOBAaHa KOMIO3UTHUMHU CTPIYKaMH
npo¢h. Muxaiinoscokuit /., acn. Komap M. (KHYFA).

18. TexHOOTIUHI ACHIEKTH PEKOHCTPYKIIT PH MiJACUICHHI 32113006 TOHHUX KOHCTPYKIIH
KOMIIO3UTHUMH MaTepialaMu
maz. Jluciok A., npogh. llInaxosa I'. (KHYFA)

19. T'eone3nuHmii MOHITOPUHT AedopMaliiii KOHCTPYKIIiil OrOpOKEHHsI KOTJIOBaHY Ta
MEPEKPUTTIB MPU PO3pOOIII KOTIOBAHY METOIOM «up downy
acn. flxkoeenxo M. (KHYBA) .

20. BpaxyBaHHs peanbHuX JedopManiii pyHIaMEHTHIX KOHCTPYKIIiif BACOTHOTO Oy IMHKY
IIPU YUCIOBOMY MOJETIOBaHHI HOro B3aeMOii 3 IPYHTOBOIO OCHOBOIO
oou. Hocenxo B., acn. Kawoioa O. (KHYbA)

21.ITonoxucTi apKy 3 KIEEHOT JepeBHHH apMOBaHi KOMIIO3UTHUMH CTPIYKaMH
npogp. Muxaiinoscvkuii /., ac.. Cknapoesa T. (KHYBA)

22. BunpoOyBaHHS LEHTPAJIbHO-CTHCHYTOI KOJOHU, BMKOHAHOi 3 TOHKOCTIHHUX THYTHX
npodinis
ooy. I'nimin O. ac. Paoeyvkuii C. (KHYHA)

23. TeopeTnyHi MapaMeTpy CTAICBUX TOPPOBAHUX OANOK OITHMAJIBHOT BUCOTH
ooy. Jlaspinenko JI. (KHYBA)

24. AcriexTH ynpaBIiHHS 3MIHaMU NIPH peaizaiii 610MIMETHYHUX OyAiBEIbHUAX MPOEKTIB
ooy. Illnaxos A., npogp. Illlnaxoea I'. (KHYFA)

25. 3MiHa HaNpy’KeHb y 3a1i300€TOHHUX (QyHJaMEHTaX 3€pHOCYIIMIBHUX KOMILIEKCIB IIpU
BpaxyBaHHI IapaMeTPiB IPYHTIB
ooy. Ilionyyvkuii B., ac. lumeun O. (KHYFA)

26. Hanipy>xeHo-1e(hopMOBaHHii CTaH HECYYHUX KOHCTPYKIIH HeryIstHOT Oy TiBii 3
cTanediopoOCTOHHUMY IUTUTAMH IIEPEKPHUTTS
ac. Ckopyk O. (KHYFA)

27. IlepCrieKTUBH HAYKOBHX JOCIIKCHB 3 MOXKJIMBOCTIO BUKOPHUCTaHHS Oimodity s Oymi-
BEJIbHUX MaTepiaib.
oou. Kypascvka H., (KHYBA)

28. TpimUHOCTINKICTD MOXMINX NIEPEPi3iB HEPO3Pi3HUX OAIOK 3 apMaTypOIO HAIPYKEHOIO Ha
OeToH
oou. Kozak O. (KHYBA)

29. JlocnipkeHHS IpoLiecy PO3IIeHHS ocaLy IPOMHCIIOBUX CTIYHHX BOZ 3 BIJIyYCHHAM
HIKeJII0.
doy. 3opsa 0., ooy. Tepnosyee O. (KHYEA)

30. AnexBaTHICTb 1 B3a€MOBIUIMB KOHCTPYKTUBHHX 1 pO3PAXyHKOBHX CXeM OyaiBii
npogh. Kpinax B., oou. Konakosa B., inoc. /lemuenko /1., (KHYHA)

31. KoMmOiHOBaHI MeTanoepes’siHi IBOTaBPOB1 OaIKu
oou. Cxnspos I. (KHYFA)



32. HaniBaHaliTMYHMIA METOJ CKIHYEHUX €JIEMEHTIB B JIHIMHMX 1 HENIHIMHMX 3a7adax
nedopmyBaHHs, pyiHYBaHHS Ta (POPMO3MIHEHHS IPOCTOPOBHX TiJT 3 ypaxyBaHHAM HEKAaHOHIYHOCTI
(bopmH Ta cKIIaHOT CTPYKTYpH
npogh. Maxcum’rwk 10, ookmopanm Mapmuniok 1., acn. Maxkcum’iox O. (KHYFEA)

33. BukopucraHHs MiCIIeBUX OY/IBEIbHUX MaTepiaiiB npu OyaiBHUITBI JOCTYITHOTO
MaJIoIIOBEPXOBOT'O XKUTIIA
ooy. Tumoxk B, oouy. Emenvanosa O. (KHYHA)

34. Po3paxyHOK 3a)1i300€TOHHOTO CXOJIOBOTO MapIlly Ha BOTHECTIHKICTb 13 3aCTOCYBAaHHSIM
YTOUHEHHX METOJIIB
acn. baiumana X, inoc. Joneus T., kano. mexn. nayk @ecenxo O. (AI1 «JH/JIBK»)

35. Oco0aMBOCTI MPOEKTYBaHHS cTaje3ani3o0eToHHux koHerpykuii 3rigHo JICTY-H b EN
1994-1
oou. ITocmepnax M. ac. Ilocmepnak O. (KHYBA)

36. OcobnuBocTi po3paxyHKy Oy/IiBelb 1 CHOPYA 3 ypaxyBaHHAM CTaill 3BeICHHSI
oouy. Cxkopyk JI. (KHVFA)

37. BukopucranHs MyQTOBHX 3’€IHaHb 30ipPHO-MOHOJIITHUX CTOBITYACTUX (DYHIAMCHTIB
npogh. Touxauees I'., acn. Hocau K. (KHYFA)

38 T'eome3nyHMii KOHTPONB CTIHKOCTI (YHZAMEHTIB TpH OydiBHUITBI Ta EKCIUTyaTarll
BUCOTHOI OyIiB1i 3a IHIUBiXyaIbHUM IPOEKTOM
npoe.inac. 3opin €2, acn. Axosenxo M."? (KHYEBA, JH/IBK)

39. KOHCTpYKTHBHE PIiIICHHS AEPEBOMETAICBOTO NMEPEKPUTTS I TiOpUHHUX OyIiBesb
acn. bBeponukoe M., ooy. Illexopkina C., npog. Casuysxuit M. (/[BH3 I1/JABA)

40. Oninka CTIHKOCTI IO IPOIrpecyrovoro 00BaIeHHs CTaHLil TpaHCIIOPTHOIO KOMILIEKCY

mBigKicHoro TpamBato 1o npoci. JI.Kyp6aca B m.Kuesi
k.m.n., Maxcumenxo B.I1. (H/[IFK)



CEKIIIA 2

«Cyuacni dyodisenvni mamepianu
IpuennarTuch 10 KoHdepeHmii

23 kBiTHa 2021 p.

10:00 — CekiriiiHe 3aciiaHHs

1. XimiuHi TeXHOJIOTiT HAaHOMOI(IKAI[] IEMEHTHUX KOMITO3HIIHHIX MaTepiatiB.
npogh. Cyxanesuu M., cm. Odapuenko /., cm. Ocmanoeuu I. (KHYBA)

2. PanianiiiHo-3aXMCHI BIIACTUBOCTI Ta pajiauiifiHa cTifKicTh piOHO3EPHUCTHX OETOHIB.
oou. Anonko /1., ooy. I'onuap O., cm. Mapynuax M. (KHYFA)

3. AHaui3 BIUIMBY y/IapHHX HaBaHTA)XEHb HA CTPYKTYPY LIAPiB MOKPHUTTS JOPIT 3 MaTepiaiiB
Ha OCHOBI BUCOKOMOJIEKYJISIPHUX MOJIMEPHHUX CIOJIYK.
ac. I'openenko O. (KHYE4)

4. Oxpemi acnieKTH BU3HAUCHHS e()EeKTUBHOCTI BOTHE3aXUCTY TKAHUH.
oou. bonoapenko 0., npogh. llanko 0., cm. Amnyx A. (H{IBM, KHYbA)

5. IlepcexTuBH OTpHMAaHHS Cy4YaCHHX MaTepialiB Ta BHpPOOIB Ha OCHOBI TEXHOTCHHUX
MPOAYKTIB.
oou. I'onuap 0., oou. Anonko /1., cm. Pyoseii /I. (KHYEA)

6. TexHomOrii BiTHOBJICHHS 3a/1i300€TOHHUX CIIOPY/ 3 BUKOPHCTAHHIM HaHOMOAU(IKOBAaHUX
[IEMEHTHO-TIOJTIMEPHUX PO3YHHIB.
npog. Cyxaneeuu M., cm. Tkau B., cm. I'aniva B. (KHYbA)

7. OcobnuBocTi MOPO30CTIHKOCTI OeroHy Ha OCHOBI MOJIU(IKOBAHOTO
[ITaKOMOPTIAHIIEMEHTY.
ooy. Bonoapenxko 0., cm. I'oy JI., cm. bpoooscvxuii C. (KHYFA)

8. JlocHmipKeHHsI TEpMIYHOTO pO3KJIaay KapOOHATHOI MIMXTH Ta MpPOLECiB (hOpMyBaHHS
KepaMiKH CIIeNiaIbHOTO IPU3HAYCHHS.
ooy. Kyniuenxo B., ooy. Bimoseyvka T., cm. Pesa O. (KHYbA)

9. OcobauBOCTI OTpUMaHHsS OCTOHIB MiABUINEHOT TPIIIMHOCTIMKOCTI JUISL JTOPOXKHIX
CTPUMYBAJIbHUX KOHCTPYKILIH.
ooy. Koueeux M., cm. Illeeuenko A.

10. 3axucHI TOKPHTTS HA OCHOBI Jy’KHOTO aTIOMOCWIIIKATHOTO 3B’S3YIOUOr0 SIK 3acibd
3aro0iraHHs TPAHCHOPTY CyJib(haT-i0OHIB B OETOHI.
oouy. Koncmanmunoecokuii O., cm. Tumincokuii /]. (KHYHA)

11. OcoOnuBocTi Tigparamii MiHepaldiB NOPTIAHIIEMHTHOTO KJIIHKEpYy B HPHCYTHOCTI
KapOOHATHUX J100aBOK.
cm. Ma3zyp B., npogh. Ilywmkapwosa K., ooy. Kywneposa JI. (KHYHA)

12. Ponp KaoniHITOBOI TIJMHM B €BOJIOLIT CTPYKTYPHU 1 BJIACTUBOCTEH IILIAKOIY)KHHX
LIEMEHTIB.
oou. I'enesepa O., cm. Cxkapram C. (KHYbA)

13. BrimiB KHMCJIOT Ta 1X pO34MHIB Ha (POPMYBaHHS CTPYKTYpH 0a3aJIbTOBOTO BOJIOKHA.
oouy. beponuk 0., ooy. Maiicmpenko A., cm. Conozyo A. (KHYBA)

14. TlopomikoBi 1ako(apOOBi MOKPUTTS VIS 3aXUCTY BiJl KOPO3ii METaJeBUX KOHCTPYKIIIH
oou. Jlacmigxa 0., oouy. beponux O., cm. Tomin /I. (KHYbA)
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CEKIIIA 3

«Komn'tomepne mooentosanna koncmpykuii oyoisens i cnopyo cneyianbnozo
npuznauenns 3a oonomozoio INK "JIIPA-CAIIP" »
Hpuennaruch 10 KoHpepeHuii

23 xkBiTHa 2021 p.

10:00 — 15.00 — Cexuiiine 3acigaHHs

1. Po3paxyHok crane3ainizodeToHHnX KoHCTpyKii B [TK JIIPA-CATIP
k.m.n. Ienzepcokuii FO. (TOB JIIPA-CAIIP).
2. MeTozu po3paxyHKy BOTHECTIHKOCTI 3a1i300eToHHUX KoHCTpyKiii B [TK «JIIPA-CATIP»
k.m.n., bawuncoka O. (TOB JIIPA-CAIIP).
3. Po3paxyHok 3anizo0eronnux koHcrpykuiit 3a JIBH B I[TK JIIPA-CAIIP
k.m.n. I'enzepcokuii 1O. (TOB JIIPA-CAIIP).
4. CTepiKHEBI aHAJIOTH JUIS MOJICIIIOBAHHS OYiBEIbHUX KOHCTPYKLIiH
Kk.m.H., Pomawxkina M. (TOB JIIPA-CAIIP ), acn. Tomawescokuit A. (HAY,, m. Kuis).
5. Irepauiitni ckinyenni enementu B [TK "JIIPA-CAITP"
k.m.n. Iikynw A. (TOB JIIPA-CAIIP, KHVFA ).
6. 3ajiaHe apMyBaHHs, MOXKIIMBOCTI peaizanii Ta Bukopructanus B [IK JIIPA-CATIP
npoe.ine. Timok B.I1. (TOB JIIPA-CAIIP ).
7. MopentoBanHs nanensHux Oynaisens B [IK CATIDIP
npoe.inac.mexu.niompumku, JIazapcee O. (TOB JIIPA-CAIIP),
inare. mexu. niompumxu, Apmamonosa O. (TOB JIIPA-CAIIP).
8. Excrnieprusa 3amizo6etonHux KoHCTpyKLil y [TK «JIIPA-CAIIP»
acn. Tomawescokuit A (TOB JIIPA-CAIIP, HAY, m. Kuis).
9. OcobnmBOCTI [iF090T HOPMAaTHBHOT METOIMKU PO3PAXYHKY TPIIMHOCTIMKOCTI HOPMaIbHUX
niepepiziB 3113006 TOHHUX KOHCTPYKIii
k.m.H. [Imumpenxo €. (TOB JIIPA-CAIIP, HYBIII, m. Kuis).
10. ®opmyBaHHS KpeclieHb 3a11300€TOHHUX KOHCTPYKTUBHUX eneMeHTiB B CAIIDIP-35K
inac. FOcunenko C. (TOB JIIPA-CAIIP).
11. MopenroBaHHsl 3ali300€TOHHUX KOHCTPYKII 3 BHKOpUCTaHHSAM TexHomorii BIM.
dopMyBaHHS KpecIeHb 3113006 TOHHIX KOHCTPYKTHBHUX eneMeHTiB y CAIIDIP-3BK.
npoe.inowc.mexn.niompumku, Jlazapes O. (TOB JIIPA-CAIIP),
iHatc. mexn. niompumku, Apmamonoea O. (TOB JIIPA-CAIIP).

11



TE3U JOIOBIJIEM
CEKIIISA 1
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ITocBsimaeTcst yU9eHBIM, MEAAroraM M KOJUeraM 3aHHMAaBIIHXCSI
crpoutenbectBoM YADC 1 cozarensM npoeKTa BTOporo
capkocara 4-ro O1oka.

IlepcrieKTHBHI pelleHUs YHEPreTHYecKuX nNpodiaem I'py3un u YKpanHsl Ha 0OCHOBe
npumMeHenust ADC Ma/I0ii MOLIHOCTH

JIorconu Iuzunetiweunu, Kanouoam mexHu4ecKux HayK, 0OKmop uHdicenepul, npogeccop
I'pysunckuii Texnuueckuu Ynusepcumem, OOO ,, [IPOI'PECH .

B pabote mpociexuBaeTcsi TeCHash B3aUMOCBSI3b CO CTPEMHUTEIBHBIM POCTOM YHCICHHOCTH
HaceJeHHus 3eMJIM W CIIPOCOM Ha JIIEKTPOdHepruio. Pabora mpeaHazHadeHa s TeX, KOIO
0ECIIOKOUT BIIMSIHUE YEJIOBEKa HA OKPYIKAIONIYIO cpely, Oyjayliee MUpa U CyLIeCTBOBAHHE CaMOro
yenoBeka. Kak u OOJBIIMHCTBO CTpaH BO BceM mupe, ['py3us u YKpauHa CTOUT MEPEi KECTKHM
BBIOOpOM HamboJiee 1es1eco00pa3HOTro MPUEMIIEMOT0 U TIEPCIIEKTUBHOTO Pa3BUTHS MOTPEOISIEMBIX
BUJIOB DHEPrUM JJs HYX] HaceieHus. B ['py3um TpaaulMOHHO aKLUEHT JeNaeTCsl Ha pPa3BUTHE
THIPORJICKTPOCTAHIIMN, OJHAKO CTpaHa MMEET OOJbIINE IEepPCIEKTUBBI M BO3MOXKHOCTH JIUJIS
TApPMOHUYHOTO PA3BUTHsI TUAPOIHEPTETUKHU U JCPHON dHEpreTHKH. CTPOUTEIBLCTBO COBPEMEHHBIX
MaJIBIX MOJIYJIbHBIX PEAKTOPOB HAJIOJITO PELIMIO OBl HE TOIBKO MPOOJIEMbI DHEPTETHKH.

OcHoOBHasi 3a7iadya COBPEMEHHOCTH, IO OOECIIEYCHHUIO OajlaHca MEXJy BO3JCHCTBHEM Ha
9KOJIOTHIO, JIOCTYNOM K CYLIECTBYIOIIMM MPHUPOIHBIM DHEPropecypcam, ¢ y4eToM COXpPaHEHHS U
cOepexKeHHsT OPraHMYEeCKHX HCKOMAeMbIX M JIe(GUIMTHBIX y4acTKOB 3emiin?! OTBETOM sIBJISETCS
OCBOEHHE YKOJOTHUECKH YUCTOH U JJOCTYIHON BO30OHOBIISIEMOM SIEPHON YHEPIUHU JJIsl MHOXKECTBA
PErHOHOB 3eMITH.

C 1980 mo 1990rr B I'py3um [uist HYXJ CTPOUTENIBCTBA (B OCHOBHOM IIECOK W IIEOCHB),
no0ObIBanu M nepepabarbiBany 0a3anbToOBble KaMHU B KonuuectBe 1.2-1.5MiH. M3 KaxIblil roa.
Jlaxke mpu caMHMX CKPOMHBIX MOJCYETaX, IPU OOOTrallleHHH ATUX PY[, CTpaHa MOIJIA MOJYYHUThb OT
1500 go 175tonn TtutaHa, 25-40TOHH Topus W 7-8 TOHH ypaHa, a TaK)Ke APYTHX ICHHEUIIHNX
matepuaiios [1,2,3]. TepmosiaepHast SHEPTUs CErO/Hs TAKXKE HE SIBISETCS a0COIIOTHO OE30MacHOi,
0JIHAKO, TEOPETHYECKHU 3TO BO3MOKHO U TIOTPEOyeTCsl, HABEPHOE, €IIE HECKOJIBKO NECATUIICTHMA, JIIIs
JIOBEJICHUSI TEPMOSICPHBIX YCTAHOBOK [0 MapaMeTpPOB HEOOXOIMMOW IMPOU3BOJUTEIBHOCTH U
TexHU4YecKol HaaékHocTH. [loxoke, B Oimkaiiine TOIbI YEIOBEYECTBO OyIeT HCIOJIb30BaTh
peaKTophl Ha OBICTPBIX HEUTPOHAX, CXKHUTasl IOCTATOYHO PACIIPOCTPAHEHHBIN ypaH U TopHii. PaboThl
HaJl CO3aHUEM TEPMOSJIEPHBIX PEAKTOPOB HYKHO MPOJOHKATh, TOTOMY 4YTO WMEHHO WX
pa3paboTKa CMOKET JaTh HOBBIM TOJIYOK PA3BHTHIO UEIOBEUECTBA Ha OIvkaiiiee Oyymiee.

HeoOxoaumo o0bequHEHHE BCEX YCHIIMH COBPEMEHHBIX W MHHOBALMOHHBIX TEXHHUYECKUX
peuienuit st co3nanus dPPEKTUBHBIX U HAIEKHBIX YCTAHOBOK ISl IPOU3BOJICTBA TEPMOSIICPHOM
sHepruu. [locie perieHust TOro BOmpoca TepMosiepHas JHEPreThka OyAeT criocoOHa Ha MHOTHE
TBICSTYENICTUST W30aBUTh JIFOJCH OT yrpPO3bl IHEPreTHYecKOro rosmoaa. I[lpu Oosee aKTUBHOMN
3aMHTEPECOBAHHOCTH JIIOJICH M OOIIECTBa YK€ CKOPO TEPMOsIEpHAsi SHEPTHs CTAHET Ha CIYXOy
yenoBeuecTBy. OHAKO, Uil YCIEIIHOTO PEIICHHs 3TOH 3aJadd MOTPeOyOTCS MHOTOJIETHHE U
YIOpPHBIE YCHIINS YICHBIX M HH)KEHEPOB MHOTHX CTPAaH MUPA, YTO B MHTEPECaX BCETO YEIOBCUECTBA.

1. TurunedimBmm J[xonu. SnepHas eHepreTuka Ui HaC HE HMeEeT albTepHATHBBL PecrmyOmuka I'pysws.
22.08.2007r. cTp.2-4.

2. T'wrumeiimBunu  J1.4.. basameroBble kamuu I'pysum. Vcropuueckas chmpaBka M HEPCHEKTUBEI
IIMPOKOMACIITAOHOr0 NMPUMEHEHHsl M3Jenuii Ha OcHOBe mepepaboTKM 0a3ambToB Ul pasHbIX obmacteit
IPOMBILIIEHHOCTH ¥ cTpouTenbeTBa. Hayuno-Texuudeckuii xkypHan «Ctpoutensctso». Toumuen. Nel (50). 2019.
Crp. 6-17.

3. Turunenmsumu JI.. Casenko B. “Hauano HoBoi opbl npumenenus 0asanproBoro kamus”. Haywmo-
TeXHUYECKHUii )KypHain Bunoxuauuk u parponamusarop («Hayka u Texnuka»). Kue. Nel (125). 2019. Crp. 14-19.
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Dedicated to scientists, teachers and colleagues involved in the construction
of the Chernobyl nuclear power plant and the creators
of the project of the second sarcophagus of the 4th Block

Prospects for solving the energy problems of Georgia and Ukraine based on application of
low capacity NPP

J. Gigineishvili, Candidate of Technical Sciences, Doctor of Engineering, Professor

Georgian Technical University.
Ltd PROGRESI.

The work traces a close relationship with the rapid growth of the world's population and the
demand for electricity. The work is intended for those who are concerned about the human impact
on the environment, the future of the world and the existence of man himself.

Like most countries around the world, Georgia and Ukraine are faced with a tough choice of
the most appropriate, acceptable and promising development of consumed types of energy for the
needs of the population. In Georgia, the emphasis is traditionally placed on the development of
hydroelectric power plants, but the country has great opportunities for the harmonious development
of hydropower and nuclear energy. The construction of modern small modular reactors would solve
not only energy problems for a long time.

Nowadays main task is to ensure a balance between the impact on the environment, access to
existing natural energy resources, taking into account the preservation and conservation of organic
minerals and scarce plots of land?! The answer is the development of clean and affordable
renewable nuclear energy for many regions of the earth.

From 1980 to 1990 in Georgia for the needs of construction (mainly sand and crushed stone),
was mined and processed basalt stones in the amount of 1.2-1.5 mIn. m3 every year. Even with the
most conservative estimates, when enriching these ores, the country could receive from 1500 to 175
tons of titanium, 25-40 tons of thorium and 7-8 tons of uranium, as well as other valuable materials
/1,2,3/.

Nuclear energy today is also not absolutely safe, however, theoretically it is possible and will
probably take several more decades to bring nuclear installations to the parameters of the required
performance and technical reliability. It seems that in the coming years, mankind will use fast
reactors, burning fairly common uranium and thorium. Work on the creation of thermonuclear
reactors must be continued, because it is their development that can give a new impetus to the
development of mankind in the near future.

It is necessary to combine all efforts of modern and innovative technical solutions to create
efficient and reliable installations for the production of thermonuclear energy. After solving this
issue, thermonuclear energy will be able to save people from the threat of energy hunger for many
millennia. With a more active interest of people and society, the thermonuclear energy will soon be
at the service of humanity. However, to successfully solve this problem will require many years and
persistent efforts of scientists and engineers from many countries of the world, which is in the
interests of all mankind.

1. Hyhyneishvyly D. Yadernaia enerhetyka dlia nas ne ymeet alternatyver. Respublyka Hruzyia. 22.08.2007h. str.2-
4

2. Hyhyneishvyly D.Ia.. Bazaltoveie kamny Hruzyy. Ystorycheskaia spravka y perspektyver shyrokomasshtabnoho
prymenenyia yzdelyi na osnove pererabotky bazaltov dlia razneikh oblastei promeishlennosty y stroytelstva.
Nauchno-tekhnycheskyi zhurnal «Ctroytelstvo». Tbylysy. Nel (50). 2019. Str. 6-17.

3. Hyhyneishvyly D.a. Savenko V. ‘“Nachalo novoi srei prymenenyia bazaltovoho kamnia”. Nauchno-
tekhnycheskyi zhurnal «Vynokhydnyk y ratsyonalyzator» («Nauka y yekhnyka»). Kyev. Nel (125). 2019. Str. 14-
19.
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JocaixeHns: xapakTepy pyiiHyBaHHs 32/1i300€TOHHUX KOJIOH B NPociuHiii 06oiimi

Banepiii Illmyxnep’, doxm. mexn. nayk, npo., 3ae. kagedpu 6y0isenvHux KoncmpyKyii
Cepeziii ITo30ce6?, Ooxm. mexn. Hayk, npogp., 20106HULL HAYKOSUIL CRIEPOGIMHUK
Onena Ilemposa’, kano. mexn. nayk, cm. 6uKi. Kageopu 6yoieenvHux KOHCMpYKyiil

Xapriscorutl nayionansnuii ynisepcumem micokozo ocnodapemsa imeni O.M. Bexemosa
Yepracoruil incmumym noscexcrnoi besnexu im. I'epois Yopnobuns HYI{3 Yipainu

Po3risiHyTO Ta BHPIMICHO 3aBIAHHS MONIYKY pAlliOHATBHOTO KOHCTPYKTHBHOTO DIiIICHHS
3aJ1i300€TOHHOT KOJIOHH B 00OWMI 3 NPOCIYHO-BHTSDKHOTO JIMCTA, MIAKPIIUICHOI apMaTypHHUMH
kineigivu [1]. TloOymoBa mporueayp paiioHamizaiii 3aCHOBaHa Ha EKCIUTyaTallil miaxoay O0i0HIYHOL
ONTUMI3alii KOHCTPYKTHBY [2], (’pyHaOBaHoro B CBOIO HEpry, CHEpreTHIHHMHU KpHUTEpisIMU

OCTOHHUX KOJOH Ha Jil0 CTaTMYHUX Ta MAJOLMKIOBUX BIUIMBIB NpH 2-X CXeMax Iepenadi
HaBaHTaXXeHHA. BunpoOyBano umcto GetonHi 3pasku (BC-0, 6mT.), 6eTOHHI 3pa3ku B MPOCIUHIN
o6oiimi (BC-I1, 6mir.), 6eTOHHI 3pa3ku B HpociuHii 00oiimi 3 apmarypuumu Kinmbusmu (BC-TTI,
6wr.). Bucora 3paskiB ckinagana 1000mm, giamerp — 450mm. OTpumaHno, 1110 3pa3Ku B IPOCIUHIH
000iiMi Ta B 000#iMi 31 IIMAHTOyTAMH BUTPHMYIOTh HaBaHTaxkeHHs Ha 5-30% 1 23-40%, BigmoBinHo,
OisIblIIe, HIXK YMCTO OETOHHI 3pa3Ku B 3aJIE)KHOCTI BijI CXeMH Iepe/iadi HaBaHTaXKEHHSL.

3 MeTOI0 OTpUMAaHHsS OLIbILI NEeTalbHOI KAPTUHM PyHHYBaHHS OyJO BHKOHAHO CKIHYEHHO-
CJIEMCHTHE MOJICTIOBAHHS 3pa3KiB JOCIITHUX Cepilf B CydacHOMY HpOrpaMHOMY ceperoBumi «LS-
DYNA». Oco0auBicTIO [aHOI CHCTEMH € MOXJIHMBICTh TOYHOTO OIKMCAHHS 30HU KOHTAKTY
CKIHYCHHHUX CJICMCHTIB (CE) [0 MAlOTh Pi3HY pO3MipHiCTI> [3]. Jns masoi 3amadi e ocoOIHBO
BAKJIUBO, aJKe KOHCprKLu;{ CKJIaJIA€ThCA 3 Tp]:OXBI/IMlpHI/IX CE 6erony, ,E[BOXBI/IMlpHI/IX CE cmm

3pasox cepii BC-0 3pasok cepii BC-IT 3pasok cepii BC-TII
Puc. 1. Xapaxrep pyiiHyBaHHs 3pa3KiB /I HABaHTAXKCHH: Yyepe3 ryOKH mpecy(3i1iBa) Ta depes cTajieBi
OrOJIOBHUKH (crpaBa)

CHiBCTaBICHHA pe3yNbTaTiB HATYpHUX BHIPOOyBaHb Ta MozemroBaHHI B «LS-DYNAy
[0Ka3aJ0 IOBHE SKiCHE CIBNAJIiHHSI KapTHHH pyiHyBaHHs. IloxmOka y BH3HAYCHHI pyHHIBHUX
3ycuiib ckiana 6musbko 20% I pisHHX 3pasKiB Ta cXeM pyHHyBaHHS, IO [OB’A3aHO, FOJIOBHUM
YHHOM, i3 SIKICTIO BHIOTOBJICHHS JOCHIAHUX 3pa3KiB KOJIOH. 3arajoMm, MO)KHa BBaXaTH, IO
moOy/0BaHa PO3paxyHKOBa MOJENb IIiJIBUIIEHOI KOPEKTHOCTi 3[aTHAa CTaTH BHIIPABJAHOIO
QIPTEPHATHUBOIO CKJIAJAHUM Ta BEJIbMHM KOIUTOBHUM HATYPHUM 1 HaBiThb J1a0OpaTOPHUM
BUNPOOYBAaHHAM, a OTPUMaHI Pe3yJIbTaT! B3arai MiATBEPIIKYIOTh €()eKTHBHICTD 3aIIPOIIOHOBAHOTO
KOHCTPYKTHBHOT'O PillICHHS.

1. V. Shmukler, O. Petrova, H. Mohammad. Rationalization of the parameters of the cylindrical bridge support
(theoretical basis). MATEC Web of Conferences 230, 02031 (2018).

2. Imykaep B.C., JIyruenko O.1., A.Haxem. YucenbHa Bepudikaliis oJHOro migxomy OioHIYHOI parjioHaizamii
KOHCTpyKiit. 36ipHuk HaykoBux npais YikpY3T. Bum. 189. 2020. C. 37-53.

3. Belytschko, T.; Chiapetta, R.L. & Bartel, H.D.: Efficient Large Scale Non-Linear Transient Analysis by Finite
Elements. International Journal for Numerical Methods in Engineering, 10 (1976) 1. P. 579-596.
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Investigation of the failure nature of the reinforced concrete columns in the mesh holder

V. Shmulkler', Dr.Sc., prof., head of the Department of Building Structures
S. Pozdieiev’, Dr.Sc., prof., chief researcher
O. Petrova’, PhD, senior lecturer of the Department of Building Structures

'0.M.Beketov Nationak University of Urban Economy in Kharkiv, Kharkiv, Ukraine
’Cherkassy Institute of Fire Safety named after Chernobyl Heroes of National University of Civil Protection
of Ukraine, Cherkassy, Ukraine

The problem of finding a rational constructive solution of a reinforced concrete column in a
mesh holder made of an expanded metal sheet, supported by reinforcing rings [1], is considered and
solved. The procedures of rationalization are based on the operation of the bionic optimization
approach of the construct [2], funded, in turn, by the energy criteria of Vasilkov-Shmukler. The
obtained results of the preliminary numerical analysis of the construct in the PC "Lira" were further
verified by conducting experimental field studies. In the course of experimental tests, three series of
samples of short concrete columns on the action of static and low-cycle effects in 2 load transfer
schemes were considered. Purely concrete samples (BS-0, 6 p.), concrete samples in a mesh holder
(BS-P, 6 p.), concrete samples in a mesh holder with reinforcing rings (BS-PSH, 6 p.) were tested.
The height of the samples was 1000 mm, diameter - 450 mm. In fig. 1 it is showed the general
appearance and the failure nature of prototypes. It was obtained that the samples in the mesh holder
and in the holder with frames can withstand a load of 5-30% and 23-40%, respectively, more than
pure concrete samples depending on the load transfer scheme.

In order to obtain a more detailed picture of the destruction, a finite-element modeling of the
samples of the experimental series was performed in the modern software environment "LS-
DYNA". A feature of this system is the ability to accurately describe the contact zone of finite
elements (FE) having different dimensions [3]. This is especially important for this task, because
the structure consists of three-dimensional FE of concrete, two-dimensional FE of the mesh and
absolutely solid bodies of the press sponges. As a result of modeling, both the destructive loads and
the failure nature of the samples in the animated form were obtained (Fig. 1).

.;M.l _.]
_ :!,'?12;1 ?::j
——— e " L"‘...:;']
= e
BS-0 sample BS-P sample BS-PSH sample

Fig. 1. The failure nature of the samples for loading: through the sponges of the press (left) and through
the steel headers (right)

Comparison of the results of field tests and modeling in "LS-DYNA" showed a complete
qualitative coincidence of the pattern of destruction. The error in determining the destructive forces
was about 20% for different samples and schemes of destruction, which is mainly due to the quality
of the prototypes of the columns. In general, we can assume that the constructed calculation model
of high correctness can be a justified alternative to complex and very expensive field and even
laboratory tests, and the results generally confirm the effectiveness of the proposed design solution.

1. V. Shmukler, O. Petrova, H. Mohammad. Rationalization of the parameters of the cylindrical bridge support
(theoretical basis). MATEC Web of Conferences 230, 02031 (2018).

2. Shmukler V.S., Luhchenko O.I., A.Nazhem. Chysel'na veryfikatsiya odnoho pidkhodu bionichnoyi
ratsionalizatsiyi konstruktsiy. Zbirnyk naukovykh prats’ UkrDUZT. Vyp. 189. 2020. S. 37-53.Belytschko, T.;

3. Chiapetta, R.L. & Bartel, H.D.: Efficient Large Scale Non-Linear Transient Analysis by Finite Elements.
International Journal for Numerical Methods in Engineering, 10 (1976) 1. P. 579-596.
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ExcrniepuMeHTAIbHO —TeOPeTHYHI JOCJIi/IzkeHHs KOHCTPYKUiii 1151 OyaiBesb Ta copy .

Jioomuna I'anonosa, xano.mexu.nayx, ooyenm xagheopu 6yoisenbnux KOHCmpyKyitl

Xapxiscokuil HayioHanbHUll yHigepcumen MicbKo2o 20cnodapcmed
imeni O.M. bexemosa (m. Xapkis)

Mera  JOCHIJKEHHA - BH3HAUCHHA YCEPEIHEHOrO TEPMIYHOrO  OIOpY  3pasKa,
eKCIIepHMEHTAIbHE BHBUCHHS PO3MOJITY TeMIepaTyp B Pi3HHX XapaKTepPHUX 30HaX K BCEPEINHI,
TaKk i Ha MOBEPXHI KOHCTPYKIl 3 TOYKM 30py BU3HAYCHHS MOXIIMBUX 30H INPOMEpP3aHHS i
KoHAeHcawil Booru [1]. BunpoOyBaHHS npoBOAWIHCS B KIIMaTHYHIA Kamepi Ha 0a3i nabopaTopii
kapenpu OyniBenbHux KoHCTpykiih XHYI'X imeni O.M. bekeroBa. 30BHIIIHIA BUIISAL 1
KOHCTPYKTHBHA CXeMa KJIIMaTH4HOI KaMepH HaBeJeHi Ha puc. 1,2, 3.

il

Puc.1 — 3aranbuuii BUTIsL Puc. 2— YcraHoBKa 115 BUIIPO-OyBaHb Puc. 3 - Buyrpimiii Buz
KITIMaTHYHOI KaMepH KOHCTPYKTHBHO — aHi30TPOIHOT IITUTH HUKHBOTO BiJICIKy Kamepn

KiimaTidara kamepa Maja B HIDKHBOMY BiZICIKY BEHTHJIITOD; JaTUYHK KOHTPOJIO TeMIIEPAaTypH
MOBITPsl B BEPXHHOMY Ta HH)KHBOMY BiZICiKaXx KaMepH; 00irpiBay; BiJCIK Ul HU3BKHX TEMIIEpaTyp
(cyxuit mim); BumpoOyBaHuii 3pa3ok. Ilpu MopemroBaHHI y 00’eMi KIIMaTHYHOI KaMepH
CTBOPIOBAIIUCS METEPEOJIOTIUHI MapaMeTpH, sKi 3a0e3revyroBajd yMOBH y KJIIMAaTHUHIA Kamepi
JIMCHUM yMOBaM €KCIUTyaTalil oropojkyrouoi KOHCTpykuii. [IpoBeaeHi uucenbHI TOCHIIKEHHS
aHOMaJIbHUX KIIMaTHYHUX BIUIUBIB Ta aBapiifHi TeMnepaTypHi pexxumH (puc. 4, 5.) HecTarioHapHOL
TeMIIepaTypHOI 3a/1a4i, B pa3i aBapiiHOr0 BIIK/IIOUCHHS CHCTEMHU ONAJICHHS B XOJOAHY IT'SITHACHKY
1 3HIDKCHHS TeMIEepaTypH BHYTPINIHBOTO MOBITPs B mpuMileHHi 10 + 5 ° C Ha pebpi :KOpPCTKOCTL
KOHCTPYKLIT (IPU MOCTIHHIM TeMneparypi 30BHIIIHBOTO MoBiTps -23°C mpoTsirom 5 1i0) cBigyath
mpo Te, 110 Temueparypa Ha peOpi >xopctkocti nocsrue 0°C, B ToW jxe yac mo Beiil ruiomii
KOHCTPYKII TemIeparypa depe3 5 1i6 smeHmuThes 10 3,9°C.

Puc.4. - [30105151 TEMIIEpaTyp KOHCTPYKTHBHO-
aHI30TPOITHOI KOHCTPYKIIT IPH HApyXHIH TemMmeparypi cHTYalii, aHOMaJIbHa HapyXHa Temmeparypa — 40°C.
minyc 42°C BuyTp. +18°C. Buyrpimns +5 °C Hecrauionap - 5 cyTok

Puc. 5. - Hecranionapuuii po3paxyHOK Ipu aBapHiiHii

UncenpHuil aHa3 pe3y/ibTylOUMX TEMIEPATypHHMX MOJIB TaHUX 3HAYCHb TEMIEPATyp Ha
MOBEPXHI KOHCTPYKIi, IO KOHTAaKTY€ 3 HABKOJHMIIHIM CEpEJOBHINEM 30BHIIIHBOIO IIOBITPS
MoKasye, II0 4Yepe3 3,5 TOJMHM Ha MOBEPXHI KOHCTPYKIIl BCTAaHOBHTHCS —CTalliOHAapHE
TeMIepaTypHe none. AHami3 iHpopMmarii mokasye, mo Hecydi KOHCTPYKIil [2] MalOTh HOJATKOBL
MO3UTHBHI BJIACTUBOCTI, MPO IO CBIYUTH 1X BHCOKHMH TepMiuHuil omip. IIpH KOHCTPYKTHBHIii
cxeMi, a00 IpH yMOBI CTBOPEHHS IIapy TepMoi3omsauii 3 coemianpHOi cymimm, Ii KOHCTPYKIIi
MalOTh MOXIMBICT BHKOPHCTOBYBATHCSI SIK OTOPOUKYBAIbHI (B JOCHTH BEIMKOMY iHTEpBai
TeMIepaTyp 30BHIIHBOr0 NoBiTps: -23°C<T<+41°C).

1. T'aronoBa JI.B. Pimenns TemnepartypHoi 3aaui Juist HeofHOpiHOT OaraTomapoBoi koHceTpykuii / JI.B. I'anonosa,
C.C. I'pebenuyk // 36ipuuk HaykoBHX Iparpk «CydacHi TEXHOJIOTIT Ta METOM po3paxyHKiB y OyniBuunTei» JIHTY.
—2016. —Bum. 5. - C. 199-214.

2. TlatenT Ha KopucHy Mojenb Ne89464 Vkpaina, E 04B 1/B (2006.01) Kapkacna Oynisis «Monodant» / B.C.
IImyxnep, B.M. ba6aes, C.O. Byraescokuii, K.B. bepexna, [.A. Kapsxkin, B.I. Konppamenko, .M. Ceipcki. — Ne u
2013 11919; 3asBka 10.10.2013; my6mikamis 25.04.2014. Bron. Ne§.
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Experimental-theoretical studies of structures for buildings and structures.

L. Haponova, candidate of technical Sciences, Associate Professor of the Department of
Building Structures

O.M.Beketov National University of Urban Economy in Kharkiv.

The purpose of the study is to determine the average thermal resistance of the sample, experimental
study of the temperature distribution in different characteristic zones both inside and on the surface of the
structure in terms of determining possible zones of freezing and condensation of moisture [1]. The
appearance and structural scheme of the climate chamber are shown in fig. 1,2, 3.

= . L —
Fig.1 - General view of the climate Fig. 2— Installation for tests of Fig. 2— Installation for tests of
chamber. structurally - anisotropic plate. structurally - anisotropic plate.

The climate chamber had a fan in the lower compartment; air temperature control sensor in
the upper and lower compartments of the chamber; heater; compartment for low temperatures (dry
ice); test sample.

When modeling the volume of the climate chamber, meteorological parameters were created,
which provided the conditions in the climate chamber with the actual operating conditions of the
enclosing structure.Numerous studies of anomalous climatic influences and emergency temperature
regimes (figs. 4, 5.) of the non-stationary temperature problem, in case of emergency shutdown of
the heating system in the cold five days and lower indoor temperature to + 5 © C on the edge of the
structure ( at a constant outside air temperature of -23°C for 5 days) indicate that the temperature at
the stiffener will reach 0°C, at the same time over the entire area of the structure, the temperature
after 5 days will decrease to 3.9°C.

Fig.4. - Isopoly temperatures of structural-anisotropic Fig. 5. - Non-stationary calculation in case of
design at an outdoor temperature of minus 42°C inside emergency abnormal external temperature - 40°C
+18°C. Internal +5 °C non-stationary 5 days.

Numerical analysis of the resulting temperature fields of these temperature values on the
surface of the structure in contact with the environment of the outside air shows that in 3.5 hours on
the surface of the structure will be a stationary temperature field. Analysis of the information shows
that the load-bearing structures [2] have additional positive properties, as evidenced by their high
thermal resistance. In the structural scheme, or under the condition of creating a layer of thermal
insulation from a special mixture, these structures can be used as a barrier (in a fairly large range of
outdoor air temperatures: -23°C<T< + 41°C).

1. Haponova L. Solution of the temperature problem for an inhomogeneous multilayer structure / Haponova L.,
Hrebenchuk S. // Collection of scientific works "Modern technologies and methods of calculations in construction"
LNTU. - 2016. - Vip. 5. - P. 199-214.

2. Patent for utility model Ne89464 Ukraine, E 04B 1 / B (2006.01) Frame building "Monofant" / V.S. Schmuckler,
‘W.M. Babayev, S.0. Bugaevsky, KV Berezhna, IA Karyakin, VI Kondrashchenko, IM Seirski. - Ne in 2013 11919;
application 10.10.2013; publication 25.04.2014. Bull. Ne8.
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BapiaTuBHuii cnocid nomyky pauionajabHoi KoHpirypauii niamipuux ctin

Banepin LlImyknep, dokm. mexu. HayK, npog., 3a8. kageopu 6y0ieenbHUX KOHCMPYKYIil
Onez Kanmuxos, kano. mexm. HayK, cm. 8uki. kKageopu 0y0ieenbHux KOHCMPYKYill

Xaprkiscoruil nayionanbhuil yHisepcumem micbkozo cocnooapemea imeni O.M. Bexemosa

KoHCTpyKTHBHI eneMeHTH OyxiBenb i CIopyn, sIKi CHPHHMAIOTh OiYHMII THCK BiJl CHITydOro
Cepe/lOBUINA, BITHOCATBCA JO TaKMX CHUCTEM, B SIKMX BEJIMYMHA 1 XapakTep HaBaHTaKEHHS
Oe3mocepeqHBO 3alekKaTh BiI KOH(QIrypamii MHOBEpXHI KOHCTPYKIii, sKka chpuiimMae 1e
HaBaHT@XCHHS. SIKIIO IIOBEpXHI KOHCTPYKIWii, IO cmpuiiMae OiYHMH THCK BII CHILy4OTrO
Cepe/lOBHUINA, HA/IATU BIIMIHHUI BiJ| IJIOIMHU O0OpHC, XapakTep O1YHOTO THCKY NpHUME BiAMIHHUI
BiJl KJIACHYHOTO TpUKyTHHKa po3moxin [1]. CkazaHe € HpUBOAOM ISl PO3IJSLY HPOOJIEMH, IIO
TOJISITA€ B TIONIYKY 30BHIIIHBOI FeOMeTpil KOHCTPYKIIIT, SIKa 3a/a€ HAHOUIbII PUHHATHHNA PO3IIOJILI
0IYHOrO THUCKY CHITYH4OrO.

TlocranoBka 3aga4i 6a3yeTbcs Ha TiMOTe3aX 1 MPUITYIICHHSX, BiAMoBiaHUX Teopii Kyrowna.
Posrisimaersest KpuBodiHiiiHa 00010HKa (IiamipHA CTiHA), IO YTPUMYE MACHB CUILydOro. 3riJHO
MPUHHATHX TiloTe3 3aJada PO3MIIANAETBCS SK IUIOCKA, a PO3PaxyHKOBA CXeMa SBIIE COOOIO
JKOPCTKO 3a/1i7TaHU# OLJIsi OCHOBM KPHUBOJIIHIHHUN KOHCOJIbHUN CTEPIKEHb.

B mpononoBaHomy minxoni nepeadadaeTbesi AUGEpEHIalis T0CHiIKyBaHOT KPUBOJIHIHHOT
CHCTEMH Ha 71 JiHIHHHX eneMeHTiB. [Ipy IbOMY, €JIEMEHTH MAalOTh OJHAKOBY BEPTHKAIBHY
MPOEKLIIO /1, @ CHCTeMa B LIVIOMY Ma€ 3a/JaHi 30BHILIHI T€OMETPUYHI MapaMeTpH - TOPU30HTAIIBHY
(B) i BepruKkanbHy (H) npoekiii. KoskeH eneMeHT Mae BIACTUBHI TUIBKH HOMY KyT HAXWITY (i, SIKUH
JIKUTH B lianazoHi ai € [p; 90 °/, ne ¢ - KyT BHYTPILIHBOT'O TEPTSI CHITyYOI'0 CepeIOBHUIIIA.

Jlns momryky paunioHanbHOI KoHpirypauii cnpuiiMaroyoi OiYHUE THUCK CHITy4OTro HOBEpXHI
3aCTOCOBAHMN CHEPTCTUYHMH MiAXiX, 3alpONIOHOBAHHWI Ta apryMeHTOBaHWMII B podoti [3].
BBakaerbcsi, mo cepex yciei MHOXHMHM KOHGIrypamiii JOCiiUKyBaHOIO THITy ITOBEPXOHb
pauioHaneHOl Oyzne Ta, y sikoi noreHuiiiHa enepris aedopmanii (IIEJ]), B pamkax 3amaHux
0OMEXeHb Ta IIPH BapilOBaHHI 3MIHHUMH [TapaMeTpaMH CUCTEMH, 3aliMe MiHiMaJIbHe 3HAUCHHS.

IIpu 3amaHMX XapakTepuCTHKax cumydoro cepejnosuina BenuunHa IIEJ] uepe3 Husky
anreOpaiyHuX NepeTBOPEHb ONKCAaHA Yepe3 KOMOIHALII0 KYTiB HAXUITY ¢ KOXKHOTO 3 SJICMEHTIB, a B
3araJbHOMY BHUIJISI TaKMX KOMOiHauiii HeoOMexxeHa Oe3iiu. BapitoBaHHs KoHirypaiieto 6id4HOT
MOBEPXHI MiMIPHOI CTIHM, MOXIMBO 3HAWTH TaKy ii reomerpiro, mpy skiif Beanuuna I1E]] npuiime
MiHIMaJbHe 3Ha4YeHHs. TakuM YMHOM 3a/1aya 3BEJICHA JIO MOIIYKY Takoi KOMOIHAIii o, pH sKiit
BBEJICHHI KpUTepii (B po3risiHyTiit noctanosui - [1E/]) 3aiime cBo€e MiHiMaJIbHE 3HAYCHHS.

Peanizamito pilieHHsT MOCTAaBICHOI 3a/Jadi BHKOHAHO METOJOM HAaBEICHOTO Tpajli€HTa B
cepenoBuie Microsoft Excel, uyepe3 nanOymoBy «Ilomiyk pitneHHs». [IpornoHOBaHMMA iaxis
BIIKpUBA€ MOXIMBICTh BU3HAUCHHS pAlliOHAJIbHOI 30BHIMIHBOI IeOMETpil KOHCTPYKIIH, Mo
CHPUIMArOTh OIYHHI TUCK BiJ CHITy4Or'O CEpe/IOBHUIIA.

1. V.N. Babaev, V.S. Shmukler, S.H. Feirushah, O.A. Kalmykov, V.M. Zinchenko, Rational design of retaining
walls BUITEMS “Journal of applied and emerging sciences” — Vol. 3, Issue 1, p.94-121, 2012.

2. O Kalmykov, R Khalife, A Grabowski. Search for rational contour of back surface of retaining wall. AIP
Conference Proceedings. 2019.

3. B.C. HImykuep, 10.A. Kimmos, H.IL. Bypak, Kapkacubie cucrembl obierdeHHOro tuma. XapbkoB: 300Tbie
crpanuipl, 2008, 336 c.
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Variative method searching rational configuration of retaining walls

V. Shmukler, Dr.Sc., prof., head of the Department of Building Structures
O. Kalmykov, PhD, Associate Professor of the Department of Building Structures

O.M.Beketov Nationak University of Urban Economy in Kharkiv, Kharkiv, Ukraine

Structural elements of buildings and structures that perceive the lateral pressure from the bulk
environment belong to systems in which the magnitude and nature of the load directly depend on
the surface configuration of the structure that receives this load. If the surface of the structure that
receives the lateral pressure from the bulk environment, give a different shape from the plane, the
nature of the lateral pressure will take a different distribution from the classical triangle [1]. This is
a reason to consider the problem of finding the external geometry of the structure, which determines
the most acceptable distribution of the lateral pressure of the bulk.

The problem statement is based on hypotheses and assumptions corresponding to Coulomb's
theory. A curved shell (retaining wall) holding an array of bulk is considered.

According to the accepted hypotheses, the problem is considered as flat, and the calculation
scheme is a rigidly embedded at the base of the curved cantilever rod.

The proposed approach assumes the differentiation of the studied curvilinear system into n
linear elements. In this case, the elements have the same vertical projection h, and the system as a
whole has given external geometric parameters - horizontal (B) and vertical (H) projection. Each
element has its own angle of inclination ai, which lies in the range ai € [¢; 90 °/, where ¢ is the
angle of internal friction of the bulk environment.

To find a rational configuration of the side pressure-perceiving bulk surface, the energy
approach proposed and argued in [3] is used. It is assumed that among the whole set of
configurations of the studied type of surfaces, the rational one will be the one in which the potential
deformation energy (PDE), within the given constraints and when varying the variable parameters
of the system, will take the minimum value.

Given the characteristics of the bulk environment, the value of PDE through a number of
algebraic transformations is described by a combination of angles a; of each of the elements, and in
General, such combinations are unlimited.

Varying the configuration of the side surface of the retaining wall, it is possible to find such a
geometry at which the value of the PDE will take the minimum value.

Thus, the problem is reduced to finding such a combination of a;, in which the introduced
criterion (in this formulation - PDE) will take its minimum value.

The implementation of the solution of the problem is performed by the method of the gradient
in the Microsoft Excel environment, through the add-in "Solution Search". The proposed approach
opens the possibility of determining the rational external geometry of structures that perceive the
lateral pressure from the bulk environment.

1. V.N. Babaev, V.S. Shmukler, S.H. Feirushah, O.A. Kalmykov, V.M. Zinchenko, Rational design of retaining
walls BUITEMS “Journal of applied and emerging sciences” — Vol. 3, Issue 1, p.94-121, 2012.

3. O Kalmykov, R Khalife, A Grabowski. Search for rational contour of back surface of retaining wall. AIP
Conference Proceedings. 2019.

4. V.S. Shmukler, Yu.A. Klimov, N.P. Burak, Karkasnyie sistemyi oblegchennogo tipa. Harkov: Zolotyie stranitsyi,
2008, 336 s.
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ExcnepuMeHTAIBHI 10CTiIKEeHHS TLI0CKOI 32113006 TOHHOI IJIMTH
MiJACHJIeHOT 30BHILIIHBOI0 HATIPYKEHOI0 APMATYPOIO

Onekcandp Kypascvkuii, xano.mexn.nayk, 3aeioyeay kaghedpu 3anizobemonnux ma

Kam sIMUX KOHCMPYKYiil
Bnaoucnae Tumowgyk, acnipanm xaghedpu 3anizobemonHux ma Kam SsHUX KOHCMPYKYill

Kuiscokuil nayionanvnuil ynisepcumem 6yoisnuymea i apximekmypu (m. Kuis)

Mera OocHimXKeHHS — IPOBECTU IOPIBHSAHHA POOOTU EKCIEPUMEHTATIbHOI Ta TEOPETHYHOL
MOZEJN, a TaKoX IIOPIBHSHHS EKCIICPHMCHTAIPHUX HAaHHX 3 TCOPETHYHHMH, L0 OTPHMaHi B
pe3yibTarti HeJTiHIHHOro po3paxyHKy. 30BHIIIHIM BUTJIA 1 KOHCTPYKTUBHA CXeMa 3al1i300€TOHHOT
TUTMTH HaBeJieHi Ha puc. 1 Ta 2.

-

Puc.l - Baranphuil Bursia 3anizo0eToHHOI uTH Puc.2 - Po3paxyHkoBa Mojenb 3aii300eTOHHOT
MIICKUICHOT 30BHILIHBOIO HAMPYKEHOK apMaTyporo IUIATA  TiJCHICHOT 30BHIIIHBOK HAIPYKECHOI
apMartyporo

ExkcnepumenTansHa Mojienb Oyila BUKOHaHa Ha 0a3i slabopaTopii kadeapu 3ami300eTOHHUX Ta
KaM’SIHUX KOHCTpYKLiii KHIBCbKOro HAILlIOHAJIBHOTO YHIBEPCUTETY OYiBHHUIITBA i apXITEKTYpPH.

Knac 6erony C 35/40. ApmyBanHs 1uinTH 3BapHa citka @ 3 Mm 3 kpokom 100x100 mm.

Kpoxk konon — 1000 mm.

ToBuwmaa IUTH — 25 MM.

[HuKaTOpH ISl BUMIpIOBaHb — FOJUHHUKOBOTO TUmy. s nedopmamiii 3 MiHOK MOIUIKH
0,001 mwm, aust mporunis 0,01 mm. baza st inaukaTopis nedopmarniit L=250 mm.

HaBanTaxceHHst 0yJ10 MO/IICHO Ha 4 eTaIy :

- 1 eTan — cymapHe HaBaHTaXeHHs 251 Kr.

- 2 eTam — cymapHe HaBaHTa)keHHs 581 Kr.

- 3 eran — cymMapHe HaBaHTaXeHHs 677 KT.

- 4 etan — cyMapHe HaBaHTa)KeHHs 773 Kr.

HaBaHTa)KeHHSI CTBOPIOBAJIOCS 3a JOIOMOIOI0 CTAJICBUX MPYXKMH Baroro Bix 15 no 19 xr, ta
MIIIKaMH 3 TTiICKOM Baroo 3 Kr.

B pe3ynbrati ekcriepuMeHTy OyJ10 BCTAaHOBJICHO BIAMOBIIHICTH Pe3yJIbTaTiB PO3PAXyHKOBHM.

1. XKypascokuit O.[1., Tumouryk B.A. Po3paxyHOK IUIOCKHX 3ali300€TOHHHX IUINT, TMiJCHICHHX 30BHIIIHBOIO
HAIPy»KEHOI0 apMaTyporo. byaiBenbHi koncTpykuii. Teopis i npakruka: 30. Hayk. np. Kuis, KHYBA, 2017. Bur.1.,

c.193-198.
2. Kypascokuii O.J1., Tumouryk B.A. JlociikeHHs IIOCKOI 3ai1i300€TOHHOI IUIMTH IMiJCHJICHOT 30BHILIHBOIO

Hanpy»XeHow apmaryporo. byniBenbHi koHctpykiii. Teopis i mpaxtuka: 30. Hayk. mp. Kui, KHYBA, 2020.
Bun.7.c4-11.
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Experimental research of the flat reinforced concrete slab
with strengthening by external prestressed reinforcement

O. Zhuravskyi , candidate of technical sciences, head of the Department of Reinforced
Concrete and Stone Structures

V. Tymoshchuk, postgraduate of the Department of Reinforced Concrete and Stone
Structures

Kyiv National University of Construction and Architecture

The purpose of the study is to compare the work of experimental and theoretical models, as
well as to compare experimental data with theoretical ones obtained as a result of nonlinear
calculation. The appearance and structural scheme of the reinforced concrete slab are shown in Fig.
1 and 2.

-

Fig.1 - General view of the reinforced concrete slab Fig.2 - Calculated model of reinforced concrete
reinforced with external prestressed reinforcement slab  reinforced with  external prestressed
reinforcement

The experimental model was performed on the basis of the laboratory of the Department of
Reinforced Concrete and Stone Structures of the Kyiv National University of Construction and
Architecture.

Concrete class C 35/40. Reinforcement of a plate is a welded grid @ 3 mm with a step
100mm.

Step of columns - 1000 mm.

Plate thickness - 25 mm.

Indicators for measurements - clock type. For deformations with a division price of 0.001
mm, for deflections of 0.01 mm. Base for indicators of deformations L =250 mm.

The load was divided into 4 stages:

- Stage 1 - total load 251 kg.

- Stage 2 - total load 581 kg.

- Stage 3 - total load 677 kg.

- Stage 4 - total load 773 kg.

The load was created by means of steel springs weighing from 15 to 19 kg, and sandbags
weighing 3 kg.

As a result of the experiment, the conformity of the results with the calculated ones was
established.

1. Zhuravskyi O.D., Tymoshchuk V.A. Rozrakhunok ploskykh zalizobetonnykh plyt, pidsylenykh zovnishnoiu
napruzhenoiu armaturoiu. Budivelni konstruktsii. Teoriia i praktyka: zb. nauk. pr. Kyiv, KNUBA, 2017. Vyp.1.,
s5.193-198.

2. Zhuravskyi O.D., Tymoshchuk V.A. Doslidzhennia ploskoi zalizobetonnoi plyty pidsylenoi zovnishnoiu napruzhenoiu
armaturoiu. Budivelni konstruktsii. Teoriia i praktyka: zb. nauk. pr. Kyiv, KNUBA, 2020. Vyp.7.s.4-11.
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Beronn Ha 0CHOBI NPOAYKTIB pelMKIIHIY OyiBeIbLHUX BiIxoaiB

Anmon Cmupnos, acnipanm,
Muxkona Casuuybkuit, 0.m.m., npogh., pekmop,
Temsana Hikighoposa, 0.m.n., npo., dexan Bydisenvrozo paxyrsmemy,

Jeporcasnuil guwuil HaguaIbHULL 3aK1A0
«IIpuoninposcvka depacasna akademis OydisHuymea ma apximexmypu» (m. [ninpo)

VY 2017 p. KMV cxBaneno HamioHanbHy cTparteriio ynpapiiHHS BiaxogaMu B YKpaiHi 10
2030 p. Ha tperbomy ertami ii peamizarii (2024-2030 p.p.) mepenbavyaeTbesi 3AIMCHEHHs 3aX0/IiB
II0JI0 MOJICPHi3allii MaTepiaJbHO-TEXHIYHOI 0a3u 3 mepepoOIeHHs Ta yTHII3allil BiIXO/iB, a came:
MPUIHATTS HOPMATUBHO-NIPABOBHUX AKTIB JUIsS CTUMYJIIOBaHHS MEPepOOIeHHS BiJXOJIB, CTBOPEHHS
eekTUBHOT TH(PACTPYKTYPH TOBOKECHHsS 3 OyIiBEIbHUMHM BiIXOJaMH, BKJIIOYCHHS IUIAHIB
yIpaBIiHHS BiIXOAaMH 10 MPOCKTHO-KOLITOPUCHOT JOKYMEHTAIII.

3 iHmoro 00Ky, He3BaXKAalOUU Ha BUCOKY CHEPrOEMHICTh BUPOOHHUILTBA, OCTOH 3aJIUIIAETHCS
HAWIOMIMPEHIIINM Oy/AiBeIbHUM MaTepiasioM. JIOMYHUM € NHUTaHHS MOXKJIMBOCTI 3aCTOCYBaHHS
opiOHEHOro Oy IIBEIBHOr0 OPYXTY 3aMiCTh BUKOITHHX CKJIAJI0OBUX OCTOHHUX CyMillIei.

BcranoBieHo, mo Mg Yac BHPOOHMITBA KPYIIHOTO 3allOBHIOBaYa 3 OCTOHHOIO OpyXTy
BHUTpa4yaeThCcsi B § pas3iB MEHIIE €Heprii, HiK Ha BHIOOYTOK MPHUPOAHOTO mHieOHs. Pesymbratn
nocnipkensb [1, 2] cBiguaTh, MO 3acTOCyBaHHS LIeOHsS 3 OSTOHHHMX BiIXOJIB B KOMOIHAmii i3
KBapLOBUM ITICKOM B SIKOCTi JIpiOHOrO 3allOBHIOBAa4Ya MPAaKTHYHO HE 3HIKYE (Di3MKO-MexaHiuHi
BJIACTHBOCTI OETOHY MOPIBHAHO 3 OETOHOM Ha MPUPOJHOMY ILeOHI. 3a pe3ysibTaTaMu JTOCHiIKEHHS
[3] BcTaHOBIICHA BINOBIAHICTE 3¢PHOBOTO CKJIAaTy BTOPUHHOTO IICOHS pisHHUX (pakuiii BUMoram
JACTY b B.2.7-75-98.

B poboti [4] 3a3HauaeThCS, MO BAXIMBOIO YMOBOIO OTPUMAHHS SKICHOrO OCTOHY €
COPTYBaHHS TTOIPIOHEHOr0 OETOHHOTO OPYXTY.

B nmocnimkenni [5] BUKOHyBajdMCh BHIPOOYBAaHHS CaMOYILUIBHIOBAIBHHX OETOHIB 13
3actocyBanHsM  100% BTOpMHHOrO JpiOHOTO 3alOBHIOBaYa. B 3aJleKHOCTI  BiJj 4YacTOK
MIacTU(IKATOPIiB Ta KPYIMHOTO MepepoOICHOro 3aloBHIOBaYa OTPUMaHI MIIIHOCTI Ha CTHCK Bif 32
no 57 MIla. Takox BHSBICHO, IO 3aCTOCYBaHHS OLIBIIOI YaCTKM BTOPHHHHUX 3allOBHIOBAUIiB
MIPU3BOIUTD 10 3HIKCHHS TEIUIONPOBITHOCTI OCTOHY.

V 3Biti [6] 3a pe3ysbTaTaMu 6araThboX NOCIHIIKEHb CHOPMYIIbOBaHI 0COOIMBOCTI OETOHIB Ha
BTOPHHHOMY KPYITHOMY 3aIIOBHIOBAYi:

— BOJIOIIOIIMHAHHS BTOPUHHOTO eOHA B 5-10 pa3iB Ginblie 3a HaTypaIbHHMIT eOiHb;

— BIUIMB BTOPHMHHOIO 3amoBHIOBaya uacTkor 20-30% Big Macu BChOrO 3allOBHIOBaYa

HE3HAYHUM;

— MOPHUCTICTh BTOPHHHOT'O 3aII0OBHIOBAYa MIPOTITOM 5 POKiB 3MeHIIyeThes Ha 45%;

— IpH OJHAKOBOMY BOJIO-IIEMEHTHOMY CIIIBBIJIHOLICHHI KapOOHi3alisi Ta HPOHUKHICTH
XJIOPH/IIB BHILI B OCTOHAX Ha BTOPHHHUX 3aIIOBHIOBAYaX.

1. Besrogos .M., TlaxparauuoB A.A., Tka4y E.B. ®u3nko-MexaHHIECKHE XapaKTEPUCTHKU OETOHA Ha IeOHE 13
npobuieHoro 6erona. Becmuux MI'CY. Mocksa, 2016, Ne10, C.24-34.

2. 1lesuenxo B.A., lllatpoBa C.A. MccnenoBanue BO3MOKHOCTH IMONYYEHHMs 3alOJTHHTEINS JUIs OETOHOB M3
GeToHHOTrO JIoMa. Dnoxa Hayku. Aunnck, 2017, Ne9, C.165-168.

3. Tonosun H.I'., Anumos JL.A., Boponun B.B. IIpobiema yTuimusanuu xene300eToHa u mouck 3hGpeKTHBHbIX
nyrteii ee pewenus. Becmuux MI'CY. Mocksa, 2011, Ne2, C.65-71.

4. Richardson A.E., Coventry K., Graham S. Concrete manufacture with un-graded recycled aggregates.
Structural Survey. Bingley, UK, 2009, Ne27. P.62-70.

5. Huynh Trong Phuoc, Nguyen Tien Dung, Ngo Si Huy, Vo Duy Hai. An Experimental Study on Properties of
High-Performance Concrete Using Recycled Aggregates. Journal of Science and Technology. Danang City, 2017,
Nel2 (121). P.19-23.

6. Hannele Kuosa. Reuse of recycled aggregates and other C&D wastes. Research Report VIT-R-05984-12.
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Concretes Based on Recycling Products
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Prydniprovska State Academy of Civil Engineering and Architecture, Dnipro

In 2017 the Cabinet of Ministers approved the National Waste Management Strategy in
Ukraine until 2030. At the third stage of its implementation (2024-2030) it is planned to take
measures to modernize the material and technical base for waste processing and utilization: the
adoption of regulations to stimulate waste recycling, the creation of an effective infrastructure for
the management of construction waste, inclusion of waste management plans in the design and
estimate documentation.

On the other hand, despite the high energy intensity of production, concrete remains the most
common building material. Logically the question arises as to the possibility of using shredded
construction waste instead of fossil components of concrete mixes.

It is established that during the production of large aggregate from concrete scrap 8 times less
energy is used than for the extraction of natural rubble. The results of research [1, 2] show that the
use of rubble from concrete waste in combination with quartz sand as a fine aggregate does not
reduce the physical and mechanical properties of concrete compared to concrete on natural rubble.
Analyzing the results of the study [3] established the compliance of the grain composition of
secondary crushed stone of different fractions to the requirements of DSTU B V.2.7-75-98.

In [4] it is noted that an important condition for obtaining quality concrete is the sorting and
graining of crushed concrete scrap.

In the study [5] tests of self-compacting concrete using 100% secondary fine aggregate were
performed. Depending on the particles of plasticizers and coarse recycled aggregate, compressive
strengths from 32 to 57 MPa are obtained. It was also found that the use of a larger proportion of
secondary aggregates leads to a decrease in the thermal conductivity of concrete.

The Report [6 based on the results of many studies formulated the features of concrete on the
recycled coarse aggregate:

— water absorption of rubble from concrete scrap is 5-10 times more than natural rubble;

— the effect of the recycled aggregate portion of 20-30% by weight of the total aggregate is

negligible;

— the porosity of the secondary aggregate decreases by 45% within 5 years;

— carbonization and permeability of chlorides are higher when using secondary rubble at the
same W/C ratio.

1. Bezgodov I. M., Tkach E. V., Pakhratdinov A. A. Fiziko-mehanicheskie harakteristiki betona na schebne iz
droblenogo betona. [Stress-Strain Properties of Concrete Made of the Chip of Crushed Concrete]. Vestnik MGSU.
Moskva, 2016, Ne10. P.24-34. (in Russia).

2. Shevchenko V. A., Shatrova S. A. Issledovanie vozmozhnosti polucheniya zapolnitelya dlya betonov iz
betonnogo loma. [Research of the Possibility of Production of Filler for Concrete Aggregate from Concrete Scrap].
Era of Science. Achinsk, 2017, Ne9, P.165-168. (in Russia).

3. Golovin N. G., Alimov L.A., Voronin V.V. Problema utilizatsii zhelezobetona i poisk effektivnyih putey ee
resheniya. [Reinforced Concrete Recycling: Problem and Potential Solutions]. Vestnik MGSU. Moskva, 2011, Ne2.
P.65-71. (in Russia).

4. Richardson A.E., Coventry K., Graham S. Concrete manufacture with un-graded recycled aggregates.
Structural Survey. Bingley, UK, 2009, Ne27. P.62-70.

5. Huynh Trong Phuoc, Nguyen Tien Dung, Ngo Si Huy, Vo Duy Hai. An Experimental Study on Properties of
High-Performance Concrete Using Recycled Aggregates. Journal of Science and Technology. Danang City, 2017,
Nel2 (121). P.19-23.

6.  Hannele Kuosa. Reuse of recycled aggregates and other C&D wastes. Research Report VTT-R-05984-12.
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Iincunaenus CTpi.]'ll)‘laCTl/IX APOK KOMIIO3UTHOI apMaTypoI0 Ha €NOKCU/IHOMY KJICIO

[Menuc  Muxaitnoecokuit, 0.m.H., npogecop Kageopu Mmemaniesux ma 0epes sHux
KOHCmMpYKYitl
1lleskem Aoboypaxmanoe acnipanm xagheopu memanesux ma 0epes sHux KOHCMpYKyiil

Kuiscoruti nayionanvnuil ynieepcumem oyoisnuymea i apximexmypu (m. Kuis)

Bucoki Temmnu Ta piBeHb Cy4acHOro OyAiBHHULTBA Ipel SBISIIOTH SKICHO HOBI BUMOTH JIO
OyIiBelbHUX MarepiaiiB Ta KOHCTpyKiii. [Ipyu npoMy Bennka yBara NpUAUISETHCS BUPOOHUIITBY
CY4acHUX KOHCTPYKIiil KIeeHUX JepeB’sHHX. Taki KOHCTpyKLIl uepe3 psAx TEeXHIKO-eKOHOMIYHHX
MOKa3HUKIB JOMIHYIOTb HaJl MECTaJECBHMH Ta 3aJli300CTOHHHMHM, a CaMe: MAalOTh MaJly MOHTAXKHY
Macy, BiJIHOCHO BUCOKY MIIIHICTb Ta JXOPCTKICTb IPU JOCTATHINH HAAIHHOCTI Ta JOBIOBIYHOCTI.

OnuH i3 UUISAXIB YCYHEHHsI HEJOJIKIB Ta MiJBUIICHHS TEXHIKO-CKOHOMIYHOT e)eKTHBHOCTI €
apMyBaHHS Iepepi3iB KOHCTPYKLIH 3 KJIe€HOI JepeBUHH KOMIIO3UTHOIO apmaryporo. Lle no3Boise
CYTTEBO CKOPOTHTH BHUTPAaTH JACPEBUHU, 3MCHIINTH MOHTaXHY Macy, MiIBUIIUTH SKICTh Ta
HaJIiMHICTD JepeB’sTHUX KOHCTPYKIIH, [0 MPALOIOTh B OCHOBHOMY Ha 3TMH Ta CTHCK 31 3THHOM.
Bucoka MIIHICTh KOMIIO3UTHOT apMaTypH IPH HEBEJNUKii MUTOMIH Ba3i, HECXUIBHICTH 10 KOPO3il,
YHIKaJIbHa XiMi4Ha CTIHKICTh € OCHOBHUMH 11 IIepeBaraMu HaJl CTaJeBOI0.

Ha cboronHiuHiii JeHb apMyBaHHsI €JICMEHTIB 3 KJICEHOI JICPEBUHU CTAJICBOIO apMaTyporo €
IPYHTOBHO JOCHIi/UKEHUM 1 IIHPOKO BHKOPHCTOBYETBCS MPH BHUPOOHHITBI AEpPEB’SIHUX
KOHCTpyKLii. IIpoTe mNHUTaHHS BHKOPHUCTaHHS KOMIIO3MTHOI apMaTypu INOTpeOye I0IaTKOBHX
JIOCIIIIDKEHbB.

Mera AOCTIDKEHb MOJSIra€ B IMIJCHICHHI €IEMEHTIB CTPUIbYACTHX apOK KOMIIO3HTHOIO
apMaTypoI Ha CMOKCHUAHOMY KJICH, JUIsl IiJIBUIICHHS HEeCcydoi 34aTHOCTI mpu iX poOOTi Ha 3ruH
BUKOPHCTOBYIOYH METOAMKY 3a aHajiorieio [1]. EneMeHTH CTpinb4acTHX apok 3 KICE€HOI IepeBUHU
apMYOTHCSI KOMIIO3UTHOIO apMaTyporo, ISl IbOTO BUPI3AOThCS MITPOOHU JUIsl YKIaJaHHS apMaTypH,
ITICJIST YOTO BOHM 3allOBHIOIOTHCS €MOKCHJHI KJIGEM 1 B HUX BKJIQJAETHCSI KOMIIO3UTHA apMaTypa.
(puc. 1.) ApmyBaHHS J03BOJIA€: 30UIBIIMTH HECYdy 3MaTHICTb, IPH 30EpPEKCHHI T€OMETPUYHHX
PO3MipiB MMONEPEUHHX Mepepi3iB.

. ApMyBaHHs
BEPXHBOI 30HH

aApMyBaHHs
HUKHBOT 30HU

Puc. 1. ITonepeunwuii nepepi3 cTpiipuacTol apKu 3 KJICEHOT IEPEBUHH,
apMOBaHOI KOMIIO3UTHOIO apMaTypoIO

Ha ocHOBI npoBeseHOro aHamizy po3paxyHKOBHX ITOKa3HHKIB €KOHOMIYHOT €(eKTHBHOCTI
BCTAQHOBJIEHO JOLIIBHICTh BUKOPUCTAHHS CKJIOIUIACTHKOBOI Ta 0a3aJIbTOILIACTHKOBOI apMaTypH B
KOHCTPYKILSX 3 KIEEHOT IEPEBUHN, SIKi eKCIUTYyaTYIOThCSl B CHOPYIaX 3 arpeCUBHHM CEpEIOBHINEM
a0o 31 cneuudiYHUMHM yMOBaMH POOOTH TEXHOJIOTIYHOrO OO0JaJHaHHS, MO 3a0e3nedyye HIo
KOpO3iiiHy CTIMKICTh, NOBHIMII TepMiH eKcCIUTyaTalii, Oe3NeperkoqHe MPOHMKHEHHS paxio- Ta
€JIEKTPO-MAarHiTHUX XBUJIb J0 00JIaIHAHHS.

1. JI. B. Muxaiinosceknii, M. A. Komap. [mwkeHepHa MeTOIHMKa PO3paxyHKY EJIEMEHTIB 3 KJICEHOI JCPEBHHH,
apMOBaHOI KOMIIO3UTHOI apMaryporo / Muxaitnosckuii J[. B., Komap M. A. // ByaiBenbHi KOHCTPYKIIii, Teopis i
npaktuka Ne7 KHYBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - C. 93 - 100. — 128 c.
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Reinforcement of arrow arches with composite reinforcement on epoxy glue

D. Mykhailovskyi, of Doctor of Philosophy, Professor of the Department of Metal and Wooden
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Kyiv National University of Construction and Architecture

The high pace and level of modern construction place qualitatively new requirements on
building materials and structures. Much attention is paid to the production of modern glued wooden
structures. Such structures, due to a number of technical and economic indicators, dominate over
metal and reinforced concrete, namely: they have a low installation weight, relatively high strength
and rigidity with sufficient reliability and durability.

One of the ways to eliminate the shortcomings and increase the technical and economic
efficiency is the reinforcement of cross-sections of plywood structures with composite
reinforcement. This allows to significantly reduce the cost of wood, reduce the installation weight,
increase the quality and reliability of wooden structures that work mainly on bending and
compression with bending. High strength of composite reinforcement at low specific weight,
resistance to corrosion, unique chemical resistance are its main advantages over steel.

Today, the reinforcement of glued wood elements with steel reinforcement is thoroughly
researched and is widely used in the manufacture of wooden structures. However, the use of
composite reinforcement requires further research.

The purpose of the research is to strengthen the elements of the arrow arches with composite
reinforcement on epoxy glue, to increase the bearing capacity during their work on the bend using
the method by analogy [1]. The elements of the arrow arches are made of glued wood with
composite reinforcement, for this purpose the struts are cut for laying reinforcement, after which
they are filled with epoxy glue and composite reinforcement is placed in them. (Fig. 1.)
Reinforcement allows: to increase the load-bearing capacity, while maintaining the geometric
dimensions of the cross sections.

=\ apMyBaHHs
BEPXHBOI 30HU

__ apwysammn

HIKHBOI 30HU

Fig. 1. Cross section of the arrow arch of glued wood, reinforced with composite reinforcement

Based on the analysis of the calculated indicators of economic efficiency, the feasibility of
using fiberglass and basalt-plastic fittings in plywood structures, which are operated in buildings
with aggressive environments or with specific operating conditions of technological equipment that
provides corrosion resistance, longer service life, unimpeded radio penetration. and electromagnetic
waves to the equipment.

1. D. V. Mykhailovskyi, M. A. Komar. Ingenerna metodika rozrahunku elementiv z kleenoi derevini, armovanoi

kompozitou armaturou / Mykhailovskyi D. V., Komar M. A. // Budivelni konstukchii, teoria i praktika Ne7
KNUBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - S. 93 - 100. — 128 S.
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A/IeKBaTHICTD i B32€MOBILIMB KOHCTPYKTHBHHX i PO3PaXyHKOBHX cXeM OyaiBJIi
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KOHCMpYKYitl

Jmumpo /lemuenko, inowcenep

Kuiscokuii nayionanonuil ynisepcumem oyoisnuymea i apximexkmypu (m. Kuis)

Ha mpuxnani 9-tu nmoBepxoBoi OyniBii mapkiry, nmodynosaHol Ha nmodatky 2000 pokiB Ha
mwiomi [Tepemoru B M. Kuesi, po3risiHyTo jesiki npoOieMu B poOOTI KOHCTPYKIIH, sIKi MOBsI3aHi 3
BUOOPOM pO3paxyHKOBUX MOJeJIel, BAKOPUCTAHUX IIPH iX IPOEKTyBaHHI. BukoHyBanucs nepesipHi
PO3paxyHKH IO BHABICHHIO DPE3epBiB MINHOCTI B eJIEMEHTaxX Kapkacy 1 (yHmaMeHTax Uit
MOTeHIIabHOT Ha 0y JOBH.

KonctpyktuBHO OyniBas noOynoBaHA B MOHOJITHOMY 3ali300€TOHHOMY 3B’SI3KOBOMY
Kapkaci 1o Oe3puresibHild cxemi. BepTUKaIbHUMH HECyYHMMH €JIEMEHTaMH SBISIFOTHCS MOHOJITHI
KoIOoHU Kapkacy mepepizoMm 500 x 500 mm i miadparmu sxopcrkocTi. DyHIAMEHTH BHKOHAHI 3
OypoHabuBHUX naib d = 620 MM 3 OKPEMUMH 3a11i300eTOHHIMH POCTBEpKaMH (puc.1,a).

Kosionu i mani anpokCMMOBaHi CTEp)KHSIMH, MPUBEACHUMH 10 OCi €JIEMEHTIB, & POCTBEPK —
IUIACTHHAMH, NPUBEACHUMHU JO CEPEAUHHOI IUIOIMHU 1 3’€IHAHHMH >KOPCTKAMH BCTaBKaMHU
(puc.1,0). AmnamizyBanmucs 3yCHJUII B KOJOHAaX NpPU PO3PaXyHKOBIM cXemi 3 3alleMJICHHUMHU
KOJIOHAMHU B ()yHIaMeHTaX (cXxeMa Mo SKil MPOeKTyBaBcs KapKac OyJiBii) Ta IpH CIUIbHIN poOoTi
KOJIOH 3 (hyHIAMCHTHUMH KOHCTPYKWisSMH puc.l,r). PosrisgaBcs Takok BapiaHT KOJIM JEsKi,
OKpPEMO CTOSI4i pOCTBEPKHU, OOETHYBAIIMCh MK cO00I0 CTpidkaMu puc.1,n).

Ha puc. 1 HaBezneHi 3rHHAaIbHI MOMEHTH B MiCIIi IPUEIHAHHS OJHI€T i3 KOJIOH IO POCTBEPKY
IIPH Pi3HHUX CHOCO0aX MOJEIIOBAHHS B3a€MOJIIT Kapkacy 3 ()yHIaMEHTaMH i TPYHTOBOIO OCHOBOIO.

866 106 877 1is

0) B)
Puc. 1. 3ruHanbHi MOMEHTH B KOJIOHI:
a) KOHCTPYKIist PyH/IaMEHTY; 0) po3paxyHKOBa MOJIEJIb; B) IIPHU 3aleMIIeHHI B pyHIaMeHTI;
T') TIPH B3aEMOJIIT 3 OKPEMHUM POCTBEPKOM; 1) TIpH 00’ €THAHUX POCTBEPKaX.

PesynbraTi cTaTHYHUX PO3paxyHKIB MOKa3aJld 3HAYHUI MEepepo3MoIil 3yCHilb B KapKaci npu
pi3HEX croco0ax MOJETIOBaHHS POOOTH Kapkacy. SIKIIO MO3Z0BXKHI CHIIM B PO3IJISIHYTIH KOJIOHI
Maibke He 3MIHIOIThCs, Bin N = 3880 kH no N = 3470 xH (po3bixuicte B Mexax 10%), To
3THHAJIBHI MOMEHTH PI3HATBCS TyXkKe CYTTeBO, Bit M = -20 kHm 0o M = 565 xHwm (puc.1, B, 1).
3ruHanbHi MOMEHTH B MPOOJISMHHX KOJOHAX MOXKHA 3HAYHO 3HM3UTH HPH KOHCTPYKTUBHOMY
00’€eTHaHHI BIATIOBIIHUX POCTBEPKIB 3 CYCiTHIMH 3a11300€ TOHHUMHU CTpidkamu (puc. 1,1).
Bucnosku:
- BIUIMB CIUIBHOT pOOOTH KapKacy 1 pyHIaMEHTIB CYTTEBHH 1 MPOSBISAETHCS TUIBKH B MEXax
JIEKUIBKOX HIDKHIX IIOBEPXIB KapKacy;

- pO3paxyHKHM HECY4YMX KOHCTPYKLIil Kapkacy CIliJi BUKOHYBaTH SIK CHCTEMH «OCHOBa —
(yHIaMEHT — criopyia»;

- aJIeKBaTHA PO3PAaXyHKOBA CXeMa J03BOJISIE POEKTYBATH HAJIiIHY KOHCTPYKTUBHY CHCTEMY
OyniBii.
1. Toponeuxuii A.C. u ap. IIporpammusiii komruieke JIMPA-CATIP 2013. Yue6noe nocodue. -M.2013. -376 c.
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Adequacy and mutual influence of constructive and settlement schemes of the building
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Concrete and Stone Structures

D.Demchenko, engineer

Kyiv National University of Civil Engineering and Architecture

On the example of a 9-storey car park built in the early 2000s on Victory Square in Kyiv,
some problems in the operation of structures were considered, which were associated with the
choice of design models used in their development. Test calculations were performed to identify
strength reserves in the frame elements and foundations for the potential superstructure.

Structurally, the building is built in a monolithic reinforced concrete connecting frame
without a crossbarless scheme. Vertical bearing elements are monolithic columns of a framework
with a section of 500 x 500 mm and diaphragms of rigidity. The foundations are made of bored
piles d = 620 mm with separate reinforced concrete grids (Fig. 1, a).

Columns and piles are approximated by rods brought to the axis of the elements, and the grille
- by plates brought to the middle plane and connected by rigid inserts (Fig. 1, b). The forces in the
columns were analyzed during the calculation scheme with clamped columns in the foundations
(the scheme according to which the building frame was designed) and during the joint work of the
columns with the foundation structures of Fig. 1, d). The variant when some, free-standing grids
were united among themselves by tapes of fig. 1, e) was also considered.

In fig. 1 shows the bending moments at the junction of one of the columns to the grille in
different ways of modeling the interaction of the frame with the foundations and the soil base.

193 408 <743 -8.78

957 4y 594 105

“6.83 453 -5.18 6.
866 106 877 1is

a b c d e
Fig. 1. Bending moments in the column:
a - the construction of the foundation; b - calculation model; ¢ - when pinched in the
foundation; ¢ - when interacting with a separate grille; e - with combined grilles.

The results of static calculations showed a significant redistribution of forces in the frame
with different methods of modeling the frame. If the longitudinal forces in the considered column
almost do not change, from N = 3880 kN to N = 3470 kN (discrepancy within 10%), then the
bending moments differ very significantly, from M = -20 kNm to M = 565 kNm (Fig.1 , c, d).
Bending moments in problem columns can be significantly reduced by constructively combining
the appropriate grids with adjacent reinforced concrete strips (Fig. 1, d).

Conclusions:

- Te impact of the joint work of the frame and foundations is significant and is manifested
only within a few lower floors of the frame;

- Calculations of load-bearing structures of the frame should be performed as a system
"foundation - foundation - structure";

- Adequate calculation scheme allows you to design a reliable structural system of the
building.

1. Horodetskyi A.S. y dr. Prohrammnsii kompleks LYRA-SAPR 2013. Uchebnoe posobye. -M.2013. -376 s.
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Hanpy:xeHno-1e¢popMoBaHHii CTAH MOHOJITHOTO PeGPHCTOro NEPEKPUTTS CHIIOCY TPH
MaKCHMAJILHUX HABAHTAKEHHSX

Bauecnae Aoamenxo., k.m.n., doyenwm, OoyeHm Kagheopu Memaniesux ma 0epes'sHux
KOHCmMpYKYitl

Kuiscokuii nayionanonuil ynisepcumem oyoienuymea ma apximexmypu (m. Kuig)

Jlnst MOHOJITHMX peOPUCTHX IEPEeKPUTTIB CHIIOCIB XapakTepHa poOOTa NpPH 3HAUYHHX
KOPHCHUX HaBAHT)XCHHSX, IIMKIIYHOCTI HOro mpukiIageHHs. s Takux CIopyll, BpaXOBYIOUH X
crerbiky, MOXIHBE MEPEBAHTAKCHHS IEPEKPHUTTIB. Y JIaHOMY BHIAAKY, IOCTAa€ 3aBIaHHSI
KOHTPOJIIO TEXHIYHOTO CTaHy NEPEKPUTTSA y IPOIECi IUKIIB 3aBAHTAXKCHHS — DPO3BAHTAKCHHS
cuiocy. st SIKICHOTO KOHTPOJIIO, 13 OAHOrO OOKYy CIiJl MaTh JOCHIAHI JaHi Hampy)XeHOo —
nedopMoOBaHOro cTaHy, a i3 IHIIOroO — aJIeKBaTHY YHCIOBY MOJEINb, sKa O 13 IOCTaTHIM CTYIICHEM
TOYHOCTI MOZIeJTIOBaNa (JaKTHYHUH HAIPYKEHO — Ne(h)OPMOBAHHI CTAH IIEPEKPHUTTS.

Cuoc st 36epiransas 500 tuc. kH mykpy — MiCKy CKIQJIa€ThCS 13 MiJACHIOCHOTO TOBEPXY,
SIKAl BUKOHAHO 13 MOHOJIITHOTO 3a/li300€TOHY; BJIACHE CHJIOCY, SIKHH SIBJIAE COOOI0 LITIHAPUYHY
CTaJIeBy HECydy KOHCTPYKIIIO i3 BHYTPINIHIMH peOpaMH JKOPCTKOCTI; HaJCHJIOCHOTO OyHKeEpYy;
rajiepei MoJaBaHHs [yKpY; MaaeBoro GyHIAMEHTY 3 POCTBEPKOM.

3aniz00eToHHEe pPeOpPHCTE MEPEKPUTTS, € CKIANOBOI0 YAaCTHHOIO MiJCHJIOCHOIO MOBEPXY, i
SIBJIIE  COOOK0 MOHOJIITHY KOHCTPYKIIFO JiameTpoM 45 M, siKa CKIQJA€TbCs 13 MOHOJITHOI
3a1i300€TOHHOI IIUTH TOBIMMHOK 430MM, oOpaMieHOi MO 30BHIIIHBOMY KOHTYpPY KLIBIIEBOIO
oankoro (bkl) Bucororo 955mm, monomitHux Oanok (B1...B9) Bucotoro 770MM, po3MilICHUX 110
ciTui KoJoH i3 kpokom 4,0x4,0m, nepepizom 800x800, 1000x1000, 800x1000mMm.

JocnigHa 9acTiHA poOOTH, BPaXOBYIOUH MACIITaOHICTh JAHOI CHOPYAM 1 TPHBAIICTD LUKITY
3aBaHTaXXEHHS — pO3BaHTaKEHHs cuiocy (Oim3bko 10-TM MicsIiB), BKIIOYajda OTPUMAaHHS
EKCIIEPUMEHTAIBHUX BEJIUYMH HPOTHHIB MOHOJNITHHX OalOK HEHTPAIbHOI YaCTHHH TEPEKPUTTS
(tumy B9) min wac uMKIy 3aBaHT@KCHHS — PO3BAHTAXKCHHS CHJIOCY. BHMIproBaHHS NpPOTrHHIB
MOHOJITHUX 0aJIOK BUKOHYBAJIM 32 JOIIOMOIOI0 1HAMKATOPIB FOJAMHHUKOBOTO THIy (Xix 0...10MM).

HeniniiiHe MonenroBaHHS poOOTH MOHOJITHOTO IIEPEKPHTTS BHKOHAHO 3a pomomororo ITK
«Jlipa-CATIIP» [2]. ¥V npuiiHsaTiii Qi3MUHO HENiHIHHIA CKIHUCHHO-EJIEMEHTHIH MOJIeli, MOHOJITHA
IUINTA, 3a1i300€TOHHI OaJKM, 30BHIIIHS MOHOJITHA CTiHA 3MOJeNboBaHi (piznuHo HeniHiiiHuMu CE
Ne241, 242 i 244, xinbuesa O6anka ta KojoHd — (izuyno HeniHiiHuMu CE No210. PeanbHi giarpamu
nedopmyBaHHs OCTOHY i apMaTypH 3aK/IaieHl y BHUIVISII €KCIOHEHIIHHMX KPUBHX, 3QJICKHO BiJ
KJIaciB OCTOHY i apMaTypH €JICMEHTIB MOHOJITHOro nepekputrs. Kilacm GeToHy npu3HadeHi Ha
OCHOBI JI0JIaTKOBO MpOBeJeHNX o0cTexenb, C16/20 ta C20/25. HaBaHTakeHHsI Bijl I[yKpY — IIICKY,
IIpY BUKOHAHHI HENTiHIMHUX PO3PaxyHKIiB, MPUHHATO BHXOMISIYH 13 MAKCHMaIbHOTO 3aBaHTAKCHHS
cuiocy Ha jganomy mukii — 400 120xH. Jlane naBantaxenus B ITK «JIIPA-CAIIPy, 3amano 3
ypaxyBaHHSIM KOHYCY HpHpoaHOro Biakocy 33°. Bynu orpumani po3paxyHKOBI HeNiHiIHHI 1
JOCTigHI mporuHn s 1-i rpynm Ganok mpu modatkoBux (256 680kxH), mikoBux (400 120xH) i
KIHIIEBUX Ticisi po3BaHTaxkeHHs (256 680xH) HaBaHTakeHHsX, Ta 2-i rpynu Oanok, 282 350kH —
400 120xH — 282 350xH BinnosizaHo.

CriBcraBlieHHSI IPUPOCTIB HeniHiiHKX nporuHiB (400 120kH - 256 680xH) 3 npupocramu
JOCTIJHUX HPOTHUHIB, i 1-1 rpymu 6anok, nokasye y cepeiHboMy 10% nepeBUIICHHS TOCTITHUX
IIPUPOCTIB IPOTHHIB HAJ PO3paxXyHKOBUMHU. AHAJOTIUHE CIIBCTaBICHHS It 2-1 rpynu G6anok (400
120kH — 282 350kH), nokasye y cepeanbomy 14% nepeBuILEHHS JOCTITHUX ITPUPOCTIB IPOTUHIB
HaJ PO3PAXyHKOBHMH. 3arajioM, CepeJHE IEPeBHINCHHS MOCIiIHUX NPUPOCTIB HPOTHHIB HAaJ
po3paxyHKkoBUMH ckiagae 12%, T00TO, OTpUMAaHO 3a0BiUIbHY 301KHICTH MPHUPOCTIB IOCITIIHUX
MPOTMHIB 0aJOK Ta BIAMOBIAHUX HPUPOCTIB HENIHIMHUX PO3PAaXyHKOBUX IMPOTHHIB MOHOJITHHX
0aJIOK peOPHCTOrO IEPEKPUTTS CHIIOCY.

1. IBH B.2.6-98:2009. Berouni Ta 3a1i306eToHHi KoHCTpyKLii. OcHOBHI mooxkenHs. — Kuis: Minperiondyn, 2011.

2. Ilporpammusrii kommiaeke JIMPA-CATIP® 2013: Yuebnoe nocodue / I'oponenxuii [I.A., bapadam M.C. u np.;
Iox pen. I'opoaeuxoro A.C. — K. —M.: Dnekrponnoe usnanue, 2013, — 376 c.
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Stress-strain state of monolithic ribbed slab of the silo at maximum loads
V. Adamenko, Ph.D., Associate Professor, Metal and Wooden Structures Department,
Kyiv National University of Construction and Architecture

Monolithic ribbed slabs of silos is characterized by work with significant payloads, its cyclic
application. For such structures, taking into account their specifics, exists possibility of overloading
the slabs. In this case, arises the problem of monitoring the technical condition of the slab in the
process cycles of loading - unloading silo. For qualitative control, on the one hand it is necessary to
have experimental data of the stress - strain state, and on the other - an adequate numerical model,
which would model the actual stress - strain state of the slab with a sufficient degree of accuracy.

Silo for storage of 500 thousand kN of sugar - sand consists of an under-silo level which is
made of monolithic reinforced concrete; the actual silo, which is a cylindrical steel load-bearing
structure with internal stiffeners; over-silo bunker; sugar delivery galleries; pile foundation with a
grillage.

Reinforced concrete ribbed slab, is an integral part of the under-silo level, and is a
monolithic structure with a diameter of 45 m, which consists of a monolithic reinforced concrete
slab 430 mm thick, framed on the outer contour by an annular beam (Bk1) with height of 955 mm,
monolithic beams with height of 770 mm placed on a grid of columns with a step of 4,0x4,0m,
section 800x800, 1000x1000, 800x1000mm.

The experimental part of the work, taking into account the scale of this building and the
duration of the loading-unloading cycle of the silo (about 10 months), included obtaining
experimental values of deflections of monolithic beams of the central part of the slab (type B9)
during the loading-unloading cycle of the silo. Measurements of deflections of monolithic beams
were performed using clock-type indicators (stroke O ... 10 mm).

Nonlinear modeling of the monolithic slab was performed using PC «Lira-SAPR» [2]. In the
adopted physically nonlinear finite element model, the monolithic slab, reinforced concrete beams,
the outer monolithic wall are modeled by physically nonlinear finite elements Ne241, 242 and 244,
the ring beam and columns are modeled by physically nonlinear FE Ne210.

Real diagrams of deformation of concrete and reinforcement were used in the form of
exponential curves, depending on the classes of concrete and reinforcement of elements of the
monolithic slab. Classes of concrete are appointed on the basis of additional inspections, C16/20
and C20/25.

Load from sugar - sand, when performing nonlinear calculations, were taken based on the
maximum load of silo on this cycle - 400 120kN. This load in the PC «Lira-SAPR» is set taking
into account the cone of the natural slope of 33°.

The calculated nonlinear and experimental deflections for the 1st group of beams at initial
(256 680 kN), peak (400 120 kN) and final after unloading (256 680 kN) loads, also as the 2nd
group of beams, 282 350 kN - 400 120 kN - 282 350 kN in accordance were obtained.

The comparison of the increments of nonlinear deflections (400 120 kN - 256 680 kN) with
the increments of the experimental deflections, for the 1st group of beams, shows on average 10%
of the excess of the experimental increments of deflections over the calculated ones. A similar
comparison for the 2nd group of beams (400 120kN - 282 350kN), shows an average of 14% excess
of the experimental increments of deflections over the calculated ones. In general, the average
excess of the experimental increments of deflections over the calculated ones is 12%, ie, a
satisfactory convergence of the increments of the experimental deflections of the beams and the
corresponding increments of nonlinear calculated deflections of monolithic beams of the ribbed slab
of the silo.

1. DBN V.2.6-98:2009. Betonni ta zalizobetonni konstruktsii. Osnovni polozhennia. — Kyiv: Minrehionbud, 2011.
2. Programmnyj kompleks LIRA-SAPR® 2013: Uchebnoe posobie / Gorodeckij D.A., Barabash M.S. i dr.; Pod red.
Gorodeckogo A.S. — K. -M.: Elektronnoe izdanie, 2013, — 376 s.
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Bankosa moodenv npu po3paxynky miynocmi 3aniz00emoHHUX NIAUM RPU NPOOAGIIOBAHHI

FOniui Knimos, 0okmop mexuiunux nayxk, npoghecop xageopu 3anizo6emonnux ma Kam sHux
KOHCMpYKYitl

Kuiscokuii Hayionansnuil ynieepcumem 6yoienuymea i apximexkmypu (Kuis)

[IpencraBiiena OajakoBa MOJENb JJIsl PO3PAXYHKY MIIHOCTI 3ai300€TOHHUX IUIMT TIPH
npojasitoBaHHl. B pamkax wmiei mMojeni rpaHMYHa HOIEpEYHA CHUJA, SIKY CHpHIMAe IUIUTA HPH
[IPOJABIIIOBAHHI, BU3HAYA€THCS SK CyMa TIPAaHWYHHX IIONEPEYHUX CHJ, IO CHPHHMAIOTH JIBi
TepHeHMKYJISIPHI OalKy 3MiHHOT IIUPHUHY, AUB. puc la. I'paHnYHA HonepedHa cuia, SIKy CpuiMae
IIMTa [pH TpojaBmoBanHi V; Moxe posrmspaTucs, sk cyma momnepednux cun Vi i Vy,, sxi

CIPUAMAIOTH ABI MEPIIEHUKYJIIIPHI OanKu 3MiHHOT IINPUHY, TUB. pUC 10.:

a o
Puc. 1 — Mogens muimuta y GpopMi NepreHanKyIIpHEX 0allok (a) 1 HanpyskeHo-1e()OpMOBaHHH CTaH
OeTOoHY CTUCHYTOI 30HH (0).

XapakTep HAIpYXCHOTO CTaHy OCTOHY CTHCHYTOI 30HH OLIHIOBaBCS 3 IO3uLiil Topii
iacTHYHOCTI [ 1] mpH i 0CbOBOr0 PiBHOMIPHO PO3MOIIICHOIO HABAHTAKCHHSI HA OCHOBY YCIUYCHOTO
KIMHY, 1MB. puc.l16. PospaxyHkoBa Mojenb Oajku HaBeJeHa Ha pUC.2, € y SIKOCTI KpUTEpito
JOCSTHEHHSI TPAHUYHOTO CTAaHy NPUHMAETHCS NOCATHEHHS HAIPYKCHHAMH Yy OCTOHI PO3TATHYTOL
30HHM, IO CHIBIAJA€ 3 IMOXWIOI TPIIMHOIO, 3HAYeHb MIIHOCTI OETOHY INPH OCHOBOMY PO3TSTY
f..; 3yCHILIS y POSTATHYTI 30HI BU3HAYAIOTHCS SIK ILIOIIA BIIIOBIIHOI CIIOPH HANPYXKCHb PO3TATY:

Net =Nopq + Nepo = forAoer + OfceAcen (2)
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Puc.2. Po3paxyHKoBa MOJIelIb TPAHUYHOTO CTaHy OAJKH B OXHIOMY Tepepisy.

I'pannyHa monepeyHa cuiia, sKy clpuiiMae Oaika, 3HaXOAUTBCS 3 PIBHSHHS PIiBHOBAarv y
MOXUJIOMY Hepepi3i Ha BepTUKAIbHY BiCh.
T

Vy = 2N, cosa (3)

1. TenueB TI'.A., Kucciok B.H, Tiomun I'.A. Teopus mactTudHocTH OeToHa W Kene3oberoHa. - Mocksa,
Crpoiiznar, 1974, 316¢.
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Beams Design Model for Punching Shear Capacity of Reinforced Concrete Slabs

Yulli Klymov, Dr.Sc., Professor of the Department of Reinforced Concrete and Stone
Structures

Kyiv National University of Construction and Architecture (Kyiv)

The beams model of computation of punching shear forces in reinforced concrete slabs on the
basis the general approach to strength computation of shear appearing under punching shear is
developed. Within the framework of the developed method the ultimate shear received by a slab
under punching shear is determined as the sum of the ultimate shear received by two perpendicular

beams of a variable wideness, see Figla. The ultimate shear force V; perceived by a slab under
punching shear can be considered as the sum of ultimate shear V,; and V,, received by two
perpendicular beams of a variable wideness, see Fig.1a:

A b
Fig. 1 - Model of a slab in form of perpendicular beams (a) and strained state of concrete in
compressed zone (b).

The character of the concrete status in a compression zone was evaluated in view of, in terms of
the theory of plasticity [1], the problem of action of an axial proportionally distributed load on a basis
of the truncated concrete wedge, See Fig.1b. Design model of a beam is represented in fig. 2. where
as a criterion of the ultimate limit state the reaching values of tensile strength of concrete f, in a

tensioned zone conterminous to the crack of a sloping section are accepted. Force in a tensed zone of
a sloping cut is calculated as square of a corresponding signal waveform of stretching stresses by:

Noe =Nepy + Novo = freAoes + 0f: A (2)
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Figure 2 - Design model of the beam ultimate limit state in a slopping section

The ultimate shear received by the beam is derived from an equilibrium equation of an a
sloping cut projected on a vertical axe, See Fig.2:

w = 2N..cos e (3)

1. Henyev H.A., Kyssiuk V.N, Tiupyn H.A. Teoryia plastychnosty betona i zhelezobetona. - Moskva, Stroizdat,
1974, 316s.
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AHKepyBaHHS cTasieBoi (i0pu 3i 3arHyTHMH KiHISIMH y IpiOHO3epHHCTOMY O€eTOHI

Poman Kinaw."?, dox. mexu nayx, npogh. xagpedpu 2eomexanixu, 6ydisnuymesa ma
2e0MmexHIKu
Tsanna Bidenxo %, acnipanmxa xagpedpu mexnonozii ma opeanizayii 6yoienuymea

! Hayroso-mexnonoziunuii ynisepcumem AGH y Kpaxosi (Ilonvwa)
2 Jvsiecoruil nayionansuutl aepapnuil ynicepcumem (JIv6ig)

JloTM4HI HamNpyXKEHHs TIpH BUTATYBaHHS (GiOpu 3 OETOHY BIUIMBAIOTh Ha MILlHICTh
¢$ibpobeToHy Ha po3Tsr mmix yac 3ruHaHHA [1]. ToMy eKCIepIMEeHTaIbHO-TEOPETHYHI TOCIIUKCHHS
MpH po3poOIli HOBUX THUIMIB (iOp HALLIIOKTE Ha Te, 100 1X MilHICHI, AedopMalliiiHi 1 TeOMETPUYHI
mapameTpu  3a0e3MeunsaM  OTPUMAHHS ~ ONTHMAIbHUX  MEXaHIUYHHX  XapaKTepPUCTHK
cranediopoberony. OnHUM i3 panioHaTbHUX THIIB (iOp € craneBa (iOpa 3 3arHyTUMH KiHILSIMH,
TOMY JI0JaTKOBE BUBUCHHS MTMTAHb 3UCTUICHHSI 11 3 OSTOHOM € BaKIIMBUM, OCKITBKH II€ BIUTHBAE SIK
Ha PO3paxyHKOBY HECyuy 3[aTHICTh apMOBAHUX €JIEMEHTIB, TaK 1 Ha Ie)OPMATHBHICTb.

Ilpu po3paxyHKy HeCy4oi 3JaTHOCTI 3TMHAJBHUX CTale(iOpOOETOHHUX  EJIEMEHTIB

BU3HAYAIOTb MILHICTh CTancdiOpoOETOHy Ha POSTAI f,.,, sKa 3AICKMTb Bil KoediuieHTa 7, WO

BpaxoBye 3ueruieHHs Giopu 3 6eToHoM [2]. V HamioHambHOMY cTaHAApTi Jis Bidpw 31 3arHyTUMH

KIHISIMA BKA3aHO, 10 XapakTePHCTHYHE 3HAYeHHs MiLHOCTI (iOpu Ha postar f,, mae Oyrn He

menmum Hik 800 MIla, a koedinienT ankepyrouoi 3gatHocti 17 st uiel ¢Gibpu nopisuioe 0,9.
Koediuient # npusHaueHuil y nepiioMy HaONWKEHHI, TOMY JI€TalbHI JOCITI/DKEHHS 3YeIICHHS
taxoi (ibpu 3 OCTOHHOIO MAaTPHUIIEIO, BilIOBiHA 00POOKA EKCIICPHIMEHTAIBHUX JaHUX JO3BOJIHUTH
OTpUMaTH OOIPYHTOBAHI PO3PAaXyHKOBI MapaMeTpH, sKi Mo)kHa OyJe BHKOPUCTATH B PO3paXyHKax
cTanedidpoOETOHHUX KOHCTPYKILIH.

JlocminHi 3pa3ky BUTOTOBIISUIH i3 IpiOHO3EPHHUCTOr0 OETOHY HA ITICKY 3 MOJYJIEM KPYIHOCTI
2,1 MM i ankepHoi craneBoi Gpidpu Ty HE 1050 nosxunoro 50 mm i niamerpom 1 mm. Sk B sbkyue
BUKOpHCTOBYBan IeMeHT Mapku 400 (aktuBHicTIO 42.3) I OTpUMaHHS APiOHO3EPHHUCTOTO
6erony kiacy C20/25 ta uement mapku 500 (axtuBHicTiO 50.9) mist npiOHO3epHUCTOTO OETOHY
kaaciB C25/30 1 C30/35. ®opmu 3am0BHIOBAIM CyMIIINIIO, Ky YIIUIBHIOBAIM Ha BiOpOCTOM, a
4yepe3 3 TOAMHM IOKPUBAIM IIOBEPXHIO OCTOHY HIapOM BOJIOTMX ONWIOK. Iliciisi roToBHOCTI
0eToHHOT cymimi BinOupaan yacTuHy OeToHy, HeoOXinHoro st GpopmyBanHs KyOiB 150x150x150
MM 1 pusm 400x100x100 mm. BunpoGyBanus ¢ibpu Ha po3TAr i Ha BUTATYBAaHHS 3 TOPLIB IPHU3M
BHUKOHYBaJIM Ha po3puBHii MamuHi P — 0.5 nmpu mBuakocti 3aBantaxenHs 0,05 mm/c. Yeboro Oyio
BUTOTOBJICHO 1 BUIIPOOYBaHO 54 3pa3Ki.

3a pesynbraTaMu BUNIPOOYBaHk BCTAHOBIICHO, L0 HATIPYXKCHH Y (ibpi 3a BUTATYBaHHS o

MOJKHA OTHCATH 3aTEKHICTIO! ¢f = 0,4677 % Feprism T 4412,
I

PesynbraTi eKCiepUMEHTIB 3aCBiTUMIIH, LIO 32 JOBKUHHU 3aKinananus ¢iopu 10, 15125 mm y
npidnosepuuctuii 6eron kiacis C 20/25, C25/30 i C 30/35 nanpyKeHHs y Hill HE JOCSTal0Th MEXi
MinHocTi, i Bes (ibpa BUCMHUKYeThes. HanpyskenHs y ¢(iOpi 3a BUTArYBaHHsS 3pOCTAlOTh IPHU
ITiIBUIIEHH] MIITHOCTi OeTOHY i 301NbIICHHI JOBXKHHE 3aKnafanHs (iopu y 6eron. Kinnesi ankepu
(hiOpu 3a0e3neuyroTh Mij yac BUTSTYBaHHS (PiOpu HampykeHHs y Hiil Outs 400 MIla. HeoGxigHo
JOJaTKOBO BHBYMTH BIUIMB MIHOCTI OeToHy Ha poOOTy KiHIeBuX aHkepiB. KoedimieHT

AQHKEpyrUOoi 3JaTHOCTI 1] 3aJIeXKHUTh BiJ JOBXKHHHU 3aKiajaHHs (GiOpu y OETOH 1 BiJ MilHOCTI

0eTOoHy, 1110 BUMArae J0AaTKOBOIO OOIPYHTYBAaHHS JOLUILHOCTI BUKOPUCTAHHS IIbOTO KoedillieHTa
y dopmyui uist Bu3HAUSHHS MiLTHOCTI (P iOPOOETOHY Ha PO3TSIT.

1. P. Robins, S. Austin, P. Jones, “Pull-out behavior of hooked steel fibres,” Materials and Structures, vol. 35, pp.
434-442,2002.

2. ICTY-H b B.2.6.-218:2016 HacranoBa 3 IpoeKTyBaHHs Ta BUTOTOBJICHHSI KOHCTPYKILiif 3 ANCTIEPCHOAPMOBAHOTO
6erony. [Unnnuii Big 2017-04-01] Bua. odiu. Kuis: AT HAIBK, 2017. 32 c.
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Gripping of anchor steel fiber with curved ends in fine-grained concrete

R. Kinasz "%, PhD. D.Sc. Eng., Professor (Full) of the Department of Geomechanics,
Construction and Geotechnic

L Bidenko?, Postgraduate Student of the Department of Technology and Organization of
Construction

'AGH University of Science and Technology in Krakow, Krakow, Poland
’Lviv National Agrarian University, Lviv, Ukraine

Tangential stresses during the extraction of fibers from concrete are one of the factors
influencing the tensile strength of reinforced concrete [1]. Therefore, experimental and theoretical
studies are aimed at developing fibers with such strength, deformation and geometric parameters
that would provide optimal mechanical properties of reinforced concrete. One of the rational types
of steel fiber is fiber with curved ends, therefore, additional study of its adhesion to concrete is
important because it affects both the load-bearing capacity of reinforced elements and
deformability.

By calculating the bearing capacity of bending reinforced concrete elements, the tensile
strength of reinforced concrete f,g is determined. It depends on the coefficient n, which takes into

account the adhesion of fibers to concrete [2]. The national standard for anchor fiber states that the
characteristic value of the tensile strength of fiber f3, should not be less than 800 MPa, and the

coefficient of anchoring capacity for this fiber is equal to 0.9. Coefficient 1) is assigned only in the
first approximation, therefore, a detailed study of the adhesion of fiber to the concrete matrix,
appropriate processing of experimental data will provide reasonable calculation parameters that are
used to calculate of elements of reinforced concrete structures.

The prototypes were made of fine-grained concrete on sand with a modulus of 2.1 mm and
anchor steel fiber type HE 1050 with a length of 50 mm and a diameter of 1 mm. Cement of grade
400 (activity type - 42.3) was used as a binder for the production of fine-grained concrete of class
C20/25 and cement of grade 500 (activity type - 50.9) for fine-grained concrete of classes C25/30
and C30/35. The molds were filled with the mixture, which was compacted on a vibrating table, and
after 3 hours the concrete surface was covered with a layer of wet sawdust. After the readiness of
the concrete, part of the concrete mixture required for the formation of cubes of 150x150x150 mm
and prisms of 400x100x100 mm was selected. Tests of fiber for tension and extraction from the
ends of the prisms were performed on a bursting machine P - 0.5 at a loading speed of 0.05 mm/s. A
total of 54 samples were made and tested (6 twin samples in the series).

According to the test results, it is established that the stress in the fiber during stretching o,

can be described by the dependence: g, = 0,4677 d— Feprism T 4412,
f

The results of the experiments showed that with the length of laying the fiber 10, 15 and 25
mm in fine-grained concrete classes C 20/25, C25/30 and C 30/35, the stresses in it do not reach the
limit of strength, and all the fiber is pulled out. The stresses in the fiber during stretching increase
with increasing strength of concrete and the length of laying fiber into concrete. The end fiber
anchors provide a tension in the fiber of about 400 MPa by pulling the fiber. It is necessary to
further study the effect of concrete strength on the operation of the end anchors. The coefficient of
anchoring ability 1 depends on the length of laying fiber into concrete and the strength of concrete.
Therefore, additional justification of the use of this coefficient in the formula to determine the
tensile strength of reinforced concrete is needed.

1. P. Robins, S. Austin, P. Jones, “Pull-out behavior of hooked steel fibres,” Materials and Structures, vol. 35, pp.
434-442,2002. 35, pp. 434-442,2002.

2. DSTU-N B V.2.6.-218:2016 Nastanova z proektuvannia ta vyhotovlennia konstruktsii z dyspersnoarmovanoho
betonu. [Chynnyi vid 2017-04-01] Vyd. ofits. Kyiv: DP NDIBK, 2017. 32 s.
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Jocaixxennst epeKTHBHOCTI MiZICHJIEHHSI BUCSAYHX MeTaJleBUX KOHCTPYKILii HacCKpiZHOro
nepepisy 30BHilIHIM apMYBaHHSAM MeTO0M HaKJIelOBaHHs (i0poapMOBaHHX cHCTEM

Ipuna Pyonesa, kano.mexu.nayx, ooyenm xagpeopu onopy mamepianie
Kuiscokoeo nayionansnozo ynieepcumema 6yoisnuymea i apximexmypu (m. Kuig)

Bigomi umCclIeHHI NpUKIALU 3aCTOCYBAaHHS METAaleBHX KOHCTPYKIIH, oco0nuBo B
NIPOMHCIIOBHX OyImIBISIX Ta y BEJHMKONPOJBOTHUX CIOPYAaX. 3acTOCYBaHHS METaJeBUX
KOHCTPYKIii B Oy/1iBHULITBI 3yMOBIICHE, MEPIII 32 BCE, iX MEXaHIYHUMHU BIACTUBOCTSAMH. AJie, SIK 1y
BUIIAQJKy 3 IHIIMMH THIAMH KOHCTPYKIWil, YHIKaJbHI Ta BEIUKOIPOJIBOTHI CIOPYIH, SKi
MPOCKTYIOTBCSL 3 METaly, B pe3ysbTaTi TPHBAIOl eKcIuTyarauii, 6e3 CBOEYaCHOIO TEXHIYHOTO
00CITyroByBaHHA Ta KaliTalIbHUX PEMOHTIB, HEJOCTATHHOI MII[HOCTI MaTepialiB KOHCTPYKLii, B
pe3ysbTati 3HOCY, KOHCTPYKTHBHHUX AC(PEKTiB, /Ui 30UIbIICHHS HECydoi 3JIaTHOCTI B pe3yJbTarTi
3MIiHM TOTOJHMX YMOB Ta J{IOYMX HOPMAaTUBHHMX JOKYMEHTIB, MiJBMIIEHHS HaAi{HOCTI,
IIPOJOBKEHHS eKCILTyaTallii, 30KkpeMa, [0 MaloTh €JIEMEHTH, SIKi IPAIIOI0Th HA 3THH, NOTPEOYIOTh
IMiJICUJICHHSI HECYYUX KOHCTPYKIIIH.

Oco0nMBO BaXIMBUM € BHOIp MaKCUMAaIbHO €()EKTUBHOIO METOAY, SIK 3 TOYKH 30pY
HagiMHOCTI, Tak 1 3 TOYKH 30py PEHTAOENBHOCTI, HAa IIO BIUIMBaE€ TpUBAJC NPUIUHCHHS
eKCIUTyaralii Cropyau, 3yHHMHKa BHUPOOHHYOro mporecy abo HEMOXIIMBICTb KOPHCTYBAaTHCS
MIPUJIETIIO0 TEPUTOPIEIO JUIs BUKOHAHHSA POOIT 3 pekoHCTpyKuil. [Ipu iboMy HeoOXigHO 30epertu e
TUIBKH OY[IBIIIO B IIJIOMY, ajie 1 30BHILIHIA apXiTeKTypHHUW BUTJILI criopyau. OTke, BaKIMBOKO €
HE TUIbKY €KOHOMIYHA, KOHCTPYKTHUBHA, ajie 1 collialibHa CKJIaJ0Ba.

TpaauiiiiHi MeTOAM MiJCHICHHS, II0 3apa3 BHKOPHUCTOBYIOTBCS JUIS BiJHOBJICHHS abo
30UIBIIEHHST HECY4Ol 3[aTHOCTI METaJIeBHX KOHCTPYKIH, 3aCHOBaHI Ha 3aCTOCYBaHHI CTalIeBHX
CJIEMEHTIB LUISIXOM iX KpiruieHHsT 0onTaMu abo 3BaproBaHHs, SIKI 30UIBIIYIOTh HAaBAHTAKCHHS HA
KOHCTPYKIIiO 1 CXWJIBHI 10 KOPO3ii 1 BTOMH.

AIbTepHATUBHUM METOJOM IIiACHICHHA € 3aCTOCYBaHHS
BHCOKOMIIIHUX  (ibpoapmoBannx cucteM (PAC) murixom
HAKJICIOBAHHS HA OCHOBHY KOHCTpyKIilo. ®AC MaloTh BHCOKY
MIIHOCTB, Mally Bary, CTilKi 10 KOpo3ii, IPOCTi y BUKOPUCTaHHI.

3 BpaxyBaHHSAM BHIIE3a3HAYCHUX IepeBar (piopoapMOBaHUX
cucrteM, OyJIO BHUKOHAHO JOCHI/DKEHHS, B SIKOMY pO3IJISIHYTO
BapiaHT MiACHICHHS HECYYHX METAICBHX CJIEMEHTIB BHCSIYOTO
HOKPHTTS, yTBOPEHOIO CHUCTEMOIO 3TMHAIIBHO-)KOPCTKHX HHUTOK
HacKpizHOro mepepisy (Puc.l), 30BHINIHIM apMyBaHHSIM METOJOM
HAKJICIOBaHHS BHCOKOMIIHOI (hiOpoapMOBaHO! CHCTEMH Ha OCHOBI
yrnepoga.  Po3paxyHku — Momeni  KOHCTPYKLIT — HOKPUTTS
BUKOHYBAINCh B  Cy4aCHOMY  IIPOrpaMHOMY  KOMIDIEKCI
ABAQUS/CAE, 3acHOBaHOMY Ha METO/Ii CKIHYEHHHX €JICMEHTIB.

Buxonanuii po3paxyHOK MiJCHJICHOI BHCS40I MeTaleBoi
KOHCTPYKIII HACKPi3HOTO Iiepepidy 30BHIMHIM apMyBaHHIM DAC
Ha OCHOBI yriepoaa, B mporpamHoMy komiuiekci ABAQUS,
[I0Ka3aB, 0 HalOUIbII Hanpy>KeHHS 1 nedopMariii 3'BISIOTECS B
o0acri, OJIM3BKOT J10 30BHIIIHBOTO OMOPHOTO KOHTYPY (Puc.2).
— [MincuneHHs HeCy4HX €IEMEHTIB 30BHINIHIM apMyBaHHSIM Ha
Puc. 2. Posnonin HanpyxeHb B OCHOBI yIJiepoia, MPU3BEIIo 10 3HWKEHHs aedopmaltiii ciopyau, a

30H1 OMOPHOTO KOHTYPY TAKOX JI0 MOYKJIMBOCTI 301JIbIICHHSI HECY4Oi 3/]aTHOCTI.
[Tlicna BritoYeHHA B poOOTY BYIVICIUIACTHKA BiJICOTKOBE 3MEHIICHHSA BEPTHKAIBHOIO IPOTUHY
cknajno 26,6% aid 3TUHAIBHO-)KOPCTKUX HHUTOK, MiJICHICHHX KOMIIO3UTHMM MartepiaioM 3
ByIJICIUIACTHKA. BenndnHa po3TArylounx Hanpy KeHb 3HU3MIACH PUOIN3HO Ha 14%.

Puc. 1. Mogeins 6oka
3TUHABHO-KOPCTKUX HUTOK

1. IN. Rudnieva. Comparative analysis of strengthening of building structures (masonry, metal structures,
reinforced concrete) using FRP-materials and traditional methods during reconstruction. «Strength of Materials and
Theory of Structures», 2020. Ne 105 — C.267-291. https://doi.org/10.32347/2410-2547.2020.105.267-291.
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Investigation of the strengthening effectiveness of suspended metal structures of a through
section by external reinforcement using fiber-reinforced polymer systems

1. Rudnieva, candidate of technical Sciences, Associate Professor of the Department of

Kyiv National University of Construction and Architecture

There are numerous examples of the use of metal structures, especially used in industrial
buildings and in large-span structures. The use of metal structures in construction is primarily due to
their mechanical properties. As in the case of other types of structures, unique and large-span
structures designed from metal, as a result of long-term operation, without timely maintenance and
major repairs, insufficient strength of structural materials, as a result of wear, structural defects, to
increase the bearing capacity in as a result of changes in weather conditions and current regulatory
documents, in order to increase reliability, prolong operation, in particular, with bending elements,
need to strengthen the supporting structures.

It is especially important to choose the most effective method, both from the point of view of
reliability and profitability, which is influenced by long-term decommissioning of a structure,
stoppage of the production process or the inability to use the adjacent territory to carry out
reconstruction work. At the same time, it is necessary to preserve not only the building as a whole,
but also the external architectural appearance of the structure. So, not only the economic,
constructive, but also the social component is important. Traditional strengthening methods, which
are now used to restore or increase the load-bearing capacity of metal structures, are based on the
use of steel elements by bolting or welding them, that increase the load on the structure and are
susceptible to corrosion and fatigue.

An alternative modern strengthening method is the use of
high-strength fiber-reinforced polymer (FRP) systems by gluing
to the main structure. FRP-materials have an increased strength-
to-weight ratio, they are more resistant to corrosion, easy to use.

Taking into account the aforementioned advantages of FRP
materials, a study was carried out, in which a variant of
strengthening the supporting metal elements of suspended rod
shell formed by a system of bending-rigid threads of a through
section (Fig. 1.) with external reinforcement by high-strength
Fig. 1. Block model of the FRP-system based on carbon was considered. The computation

bending-rigid threads of the coating structure modeli in the form of a suspended metal
structure of a through section were carried out in the modern
ABAQUS / CAE software package based on the finite element
method. The performed computation of a strengthened suspended
rod shell formed by a system of bending-rigid threads of a
through section with external reinforcement by high-strength
FRP-system, in the ABAQUS software, showed that the greatest
stresses and strains appear in the area close to the outer support
circuit (Fig.2).

= . Strengthening of the load-bearing elements with CFRP-
Fig. 2. Stress distribution in material, led to a decrease in the deformation of the structure, as

the area of the outer support well as to the possibility of an increase of the bearing capacity.
circuit After the inclusion of Carbon FRP, the percentage decrease
in vertical deflection was 26.6% for bending-rigid threads

strengthened with a FRP-material. The magnitude of the tensile stresses decreased by about 14%.

1. IN. Rudnieva. Comparative analysis of strengthening of building structures (masonry, metal structures,
reinforced concrete) using FRP-materials and traditional methods during reconstruction. «Strength of Materials and
Theory of Structures», 2020. Ne 105 — C.267-291. https://doi.org/10.32347/2410-2547.2020.105.267-291.
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].u()ﬂ() pauionam,ﬂoro ApMYBaHHS BY3J10BUX 3’¢IHAHb MOHOJITHUX IJIHT NMEPEeKPUTTH
3 BEPTUKAJTbHUMHU €JIEMEHTAMH

Joomuna Apanaceesa, kano.mexn.Hayxk, 0oyeHm Kapeopu 3a1i300eMOHHUX MA KAM SIHUX
KOHCMpYKYitl
Maxcum Mockanenko, cmyoenm

Kuiscokuil HayioHanvruil yHieepcumem 0yoieHuymea i apximexmypu (m. Kuis)

[IpiopureTHuM HanpsIMKOM B OY/IBHUIITBI € 3BEACHHS MOHOJITHUX 0araTornoBEPXOBHX
OyniBenb 3 0e30aNKOBUMH MEpeKpUTTAMH. Lle 00yMOBIEHO MOKIUBICTIO OyIiBHUITBA OyIUHKIB
Oy1b-s1K01 KOH(Irypallii B IU1aHi, 3 pisHUMH 00'€MHO-TUIAHYBaJIbHUMH PIIICHHAMH.

JlocBin ekcrutyararii 3a3Ha4eHNX KapKaCHO-MOHOJIITHUX OYAMHKIB CBIJUUTB, 1110 KOPCTKICTh
IUTIT HEPeKpUTT NocTaTHA npH ToBmMHI mmr 17,0-18,0cm, ame Ot omop mmra morpedye
MiJCKUIICHHS U1t 3a0€3MeYeHHs Hecy4oi 3/[aTHOCTI Ha Npo/aBitoBaHHs [1].

BukonaHi 4ucenbHi AOCTIDKEHHS [2] T03BOJNIMIIM BU3HAUYUTH HATNPYKEHHH CTaH JOCIIIHOTO
CTHKA, Ha IiJICTaBl YOro po3poOMTH KOHCTPYIOBAHHS OCTAaHHBOr0. MeTOl0 3a3HaueHMX JIOCIiKEeHb
€ po3po0OKa KOHCTPYKIII CTUKA 3 JOAATKOBOIO apMaTypoOlO B IPHOMOPHIN 30HI Ul BUKIIOUYCHHS
MOXKJIMBOTO IIPOJABIIOBAHHA IpU 3aJaHill MiHIMaNbHIH TOBHIMHI Iepekpurrs. Ha mixcrasi
MOPIBHSUIBHOTO aHAJi3y MOLIJIBHO BHU3HAYMTH ONTUMAJIbHE CIIBBIJHOIICHHS TOBIIMHHU IUTMTH
MEPEKPUTTS Ta BIJIIOBIIHOIO apMyBaHHS CTHKOBOTO 3’€JIHAHHS «IUTHTA-KOJIOHA», II0 BUKIIOYAE
MPOJIABIIIOBAHHS. APMYBaHHS CTHKA IIPUHHATO 3 BUKOPUCTAHHSIM JKOPCTKOI apMaTypH - €JIeMEHTIB
MPOKATHOTO MPO(MLTIO Ta MIIACTHH — JUIsSl YHUKHEHHS TEXHOJIOTTYHUX YCKJIAJHEHb TIPH BIIAILTYBaHHI
MOHOJIITHOTO MIEPEKPHUTTSI.

3 METOI0 BH3HAYEHHS HAMOUIBII palliOHAIBHOTO apMYBAHHS CTHKA JOCIIJUKYBAJIUCh
CHOJIyYCHHSI TUTUTH HEPEKPUTTS 3 KOJIOHOK 3 PI3HHUMH THIIAMH apMYBaHHS: CTEPIKHBOBOIO
MOTIEPEYHOI0 APMATYPOIO, JKOPCTKOIO apMaTypoIO-ABOTABPOM Ta IIBEJIEPAMHU, a TAKOXX METAIICBUMHU
rtacTuHaMu. JIisi BUpILIGHHS MOCTABJICHOTO 3aBJAHHS Ha MIJCTaBI PO3PaxXyHKOBOI OOOJOHKO-
CTPYKHEBOT MoJiesi OyIMHKY JOCHI/PKCHHIO IiUIaBaBCsi By30J 3’€IHAHHS IUTUTH TEPEKPUTTS 3
KOJIOHOI0. POo3paxyHKOBa MOJIENb OCIIIHOTO 3’ €/JHAHHS HaBe/leHa Ha puc. 1.

BukoHaHI 4YHCENbHI OCHTI/UKCHHS CIIONYYeHb
KOJIOH 1 IUIMT NEepeKpuTTss TOBIMHOIO 140MM Ta
200mM [2] cBiguaTh, 1110 3MEHIICHHS TOBLIMHU IUIUTH
BUKIJIUKA€  301IBIICHHS  30HH 3 JI0JIATKOBOIO
KOHIICHTPALIIEI0 CTHCKAIOYMX HaNpyx)eHb 10 44,0%.
Takum YUHOM, 3a3Ha4y€Ha 30HA CIIOJYYEHHs IUIMTH
NEPEKPUTTA 3  KOJIOHOKO noTpe6y€ J01aTKOBOT'O
apMyBaHHS 3 METOH 3a0e3leYeHHs] MIIHOCTI Ha
IIPOIaBIIOBAHHS.

Puc. 1. Po3paxyHKkoBa MOZIeIb By3JI0BOTO
3’ €IHaHHSA

AHani3 OTpUMaHUX IApaMETPiB HAMPYKEHO-Ae(GOPMOBAHOTO CTaHy AOCIIAHHX MOJENeH
CBIYUTB, IO HANpPY)KCHHS B OCTOHI  BY3JIOBOTO  CIIOJYYCHHsS 3 IONEPEYHOI0 apMaTypOro
MEePEeBHUIIYIOTh JAOMycTUMY BenuuuHy 10 38,0%. ApMyBaHHS 30HH CIOJIYYEHHS JKOPCTKOIO
apMaTypoIO- BiAIOBITHO JABOTABPOM i HIBEJICPaMH JO3BOJIMIO OTPHMATH 301IBIICHHS JOITyCTHMHX
HarnpyxeHb 10 33,0% Tta 26,0% BianosigHo. [Ipy apmyBaHHi 10CIHOTO CIIOTY4€HHS IJIaCTHHAMM,
IO pO3TAIIOBaHI IMapaMH IO JBOM B3a€EMO NECPIEHIAMKYIIPHHM HAlpsAMKaM, HAIpyXKEHHS B
O€TOHI He NEepPEeBUINYIOTh AOMyCcTUMY BenuuuHy 10 30,0%, 1o BHKIIOYAE pyHHYBaHHSA CTUKOBOTO
CIIOJTy4€eHHs BHACIIJIOK IPOAABIIFOBAHHS.

1. ICTY Bb.B.2.6 — 156:2010. betonHi Ta 3a1i300eTOHHI KOHCTPYKIIii 3 Baxkkoro 0etoHy. IIpaBuia nmpoexTyBaHHs.-
Minperion6yn Yipainu. Kuis,2011,-116c.-unnuuii 3 01.06.2011.

2. Camoxsanosa E.O. CTBIK KOJIOHHBI C IUIOCKOIT IUIUTON B MOHOJIIMTHOM JKeJIe300€TOHHOM 3/jaHuN. JIUC. Ha COMCK.
kBanmud.maructpa. Cankt-IlerepOypr, 2009 - 86¢.
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Regarding rational reinforcement of nodal joints of monolithic floor slabs
with vertical elements

L. Afanasieva, Candidate of Technical Sciences, Associate Professor of the Department of
Reinforced Concrete and Stone Structures
M. Moskalenko, student

Kyiv National University of Construction and Architecture (Kyiv)

The priority in construction direction is the erection of the monolithic multi-storey buildings
with beamless ceilings. This is due to the possibility of house building of any configuration in the
plan, with different spatial planning solutions.

The experience of these frame-monolithic buildings operation shows that the rigidity of the
floor slabs is sufficient at a plate thickness of 17.0-18.0 cm, but the slab needs reinforcement near
the supports to ensure the load-bearing capacity for pushing [1].

The undertaken researches [2] allowed determining the stress state of the experimental joint,
on the basis of which to develop the design of the latter. The purpose of these researches is to
develop the design of the joint with additional reinforcement in the support zone to exclude the
possible pushing at a given minimum thickness of the floor. Basing on the comparative analysis, it
is reasonable to determine the optimal ratio of the floor slab thickness and the corresponding
reinforcement of the butt joint "slab-column", which eliminates the penetration. The reinforcement
of the joint is accepted with the use of rigid reinforcement - elements of the rolling profile and
plates in order to avoid the technological complications while the installing a monolithic floor.

In order to determine the most rational joint reinforcement, the connections of the floor slab
with the column with different types of reinforcement were studied: the rod transverse
reinforcement, rigid I-beam reinforcement and the channels, as well as the metal plates.

In order to solve this problem on the basis of the calculated shell-rod model of the house, the
joint of the floor slab with the column was studied. The calculated model of the experimental
connection is shown in the Figure 1.
The number of studies of columns and
floor slabs joints with a thickness of 140 mm
and 200 mm [2] show that a decrease in the
thickness of the plate causes an increase in
the zone with an additional concentration of
compressive stresses up to 44.0%. Thus, the
specified area of connection of the floor slab
with the column requires additional

) o . reinforcement in order to ensure the
Fig. 1. The calculated model of the joint connection  penetration strength.

The analysis of the obtained parameters of the stress-strain state of the experimental models
shows that the stresses in the joint connection concrete with the transverse reinforcement exceed the
acceptable value up to 38.0%. The reinforcement of the connection zone with rigid reinforcement -
respectively I-beams and channels allowed obtaining an increase in acceptable stresses up to 33.0%
and 26.0%, respectively.

1. DSTU BV2.6 - 156: 2010. Betonni ta zalizobetonni construktsii /Concrete and reinforced concrete structures
made of heavy concrete. Design rules.-Ministry of Regional Development of Ukraine. Kyiv, 2011, -116 pages -
valid from 01.06.2011.

2. Samokhvalova E.O. Styk colony s ploskoy plitoy v monolitnom zhelezobetonnom zdanii /Joint of a column with
a flat slab in a monolithic reinforced concrete building. Master's degree thesis, Saint-Petersburg, 2009 - 86p.
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BunpodyBaHHsI HEeHTPAJbHO-CTHCHYTOI KOJIOHH,
BHKOHAHOI 3 TOHKOCTIHHUX FHYTHX Npodinis

Onekcandp I'nimin, k.m.n., doyenm, xapedpa Memanesux i depeg'sinux KoncmpyKyiii
Cepeiit Padeybkuit, acucmenm, kagheopa Memanesux i Oepes'sHux KoHcmpyKyitl

Kuiscokuii nayionanohuil ynisepcumem 6y0ieHuymea i apximexmypu

3MEHIIeHHs BUTPAT CTalli B OyJiBHHITBI JIOCATA€THCS MIIAXOM 3aCTOCYBAaHHS TOHKOCTIHHHX
CTEeP)KHEBUX KOHCTPYKIIH. 30Kpema, MpoBiiHE Miclie cepei HUX MOCIIAI0Th XOJIO0AHOTHYTI MPpodii.
BuxopucraHHs iX B eIEMEHTAaX KOHCTPYKIiH OyniBenb 3aMiCTh TapsYeKaTaHUX, JO3BOJISIE
eKoHOMHUTH Onu3bko 10% cTami Ta 3HaYHOIO MipOHO 3HU3UTH TPYIOMICTKICTH BUTOTOBICHHS 1
MOHTaXy.

OcobnuBO 1€ TIOB’A3aHO i3 BHKOPUCTAHHSM HACKPi3HUX KOJOH BHTOTOBICHHX 3
TOHKOCTIHHUX THYTHX €JIEMEHTIB.

Jns  mepeBipkM  METOAMKHM — PO3paxyHKYy TakHX €IEeMEHTiB 3a [1] mopiBHSEMO
eKCIepUMEeHTaIbHEe BUIIPOOYBAaHHS KOJIOHM TOBXHHOIO 3,4 M. Kosona ckiajganack 3 JIBOX THYTHX
C-nozibHuX npo(iniB TOBIIMHOK 2 MM, HOEJHAHMX MK COOOK 32 JOINOMOIOK IUIAHOK, Ha
CaMOHApi3HHUX TBUHTAX.

Tlepen BUIIPOOYBaHHIM Oynu
MPOBEACHI TEOPETHYHI PO3paxyHKH 3a
HABEJICHOIO BUIIE METOJMKOI0. [IpoBeneHHs
eKcrepuMeHTanbpHoro  gociimpkenns HJIC
KOJIOHH 13 THYTHX HPO(LIiB MPOBOAMIOCEH Y
BUNPOOYBaJbHOMY  LEHTpi  OyJiBeIbHUX
rxoHctpykuii KHYBA (BLIBK KHVYBA) 3
METOIO I ITBEPIKCHHS pe3yabTatiB
TEOPETUIHUX JIOCIIKEHb i SIK
IPOMOBXKEHHS HAyKOBUX JOCITIIDKCHb B
LLOMY HampsMKy [2].

Pe3ymbpraTi, OTpHMaHI aHANITHYHUM
nusixoM 3a [1] mokasyioTh po30iKHICTH 13
CKCIIePUMEHTATBHIM JIOCTI [UKCHHSM
oimbie  10%. I3 Tphox OCHOBHHX (OpM
BTpATH CTIMKOCTI BiOyiach MiclieBa BTpara
CTIfKOCTI, & caMe — BIITMHU TTOJINYOK.

3araipHa Ta  KpYTWIbHAa  (QOpMH
BTpaTH CTidkocTi He BinOyBamuch. lle
MOXKHA  TOSICHUTH  YacTUM  KPOKOM
BCTAQHOBJICHHS 3’€HYBaJIbHUX IUIAHOK Ha
KOJIOHI.

Oco0nuBO i AOCHIIKEHHS IiKaBi 3
TOYKH  30py  poOOTH  3’€IHYBaJIbHUX
CJICMEHTIB — IVTAHOK

Puc. 1. ExcriepuMeHTanbHe BUIPOOYBaHHS
KOJIOHU, BUKOHAHOI 3 TOHKOCTIHHUX THYTHX
npodisis.

OTxe, 3a pe3yJIbTATOM EKCIICPUMEHTAIBHOTO JIOCIIKEHHSI BUHUKAE HEOOXIHICTh y OLIBII
JIeTJIbHOMY BUBYEHHI HACKPI3HUX KOJIOH.

1. ICTY-H b B.2.6-87:2009. Konctpykuii Oyaunkis i ciopya. Hactanosa 3 IpoekTyBaHHsI KOHCTPYKIiii Oy1MHKIB
i3 3aCTOCYBaHHSIM CTAJICBHX TOHKOCTIHHHX MPOQITiB.

2. benos L1, T'nitin O.b., IOpuenko B.B., Jlenos O.I1., [Ixay6aes M.M. BunpoOyBauust KoHCTpPyKIii depmu i3
THYTHX TOHKOCTIHHHMX €JIEMEHTIB Bimkpuroro mpodimo // 30ipHUK HAyKOBHX Ipailb YKpaiHCHKOIO HAyKOBO-
JIOCITIZAHOTO Ta IPOEKTHOrO IHCTHTYTY CTaleBMX KOHCTpykuid imeni B.M. IllumanoBcbkoro / Ilin 3arambHOIO
PenaKIi€ro 3aciIy)KEHOro Jisda HayKd i TexHikn YKpaiHu, I.T.H., npodecopa O.B. Illumanoscekoro. K.: Bua-Bo
«Cranby, 2009, Bun. 3 — C. 136-145
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Experimental research of a central-compressed column,
made of thin-walled bending profiles

0. Glitin, Ph.D., Associate Professor, Department of Metal and Wooden Structures
S. Radetskyi, Assistant, Department of Metal and Wooden Structures

Kyiv National University of Construction and Architecture

Reducing steel consumption in construction is achieved by applying thin-walled rod
structures. In particular, leading place among them occupy cold profiles. Using them in building
elements instead of hot-rolled, saves about 10% of steel and significantly reduces the complexity of

manufacture and installation.

This is especially due to the use of through columns made of thin-walled bending elements.

To verify the method of analysis such elements according to [1], we compare the
experimental test of a 3.4 m long column. The column consisted of two bent C-shaped profiles
2 mm thick, connected to each other by plates, on self-tapping screws.

Fig. 1. Experimental test of the column made of thin-
walled bending profiles.

The theoretical analysis
according to the above method were
carried out before the test. An
experimental study of the stress-strain
state of the column of bent profiles
was carried out in the test center of
building structures KNUBA (VCBC
KNUBA) in order to confirm the
results of theoretical research and as a
continuation of scientific research in
this direction [2].

The results obtained analytically
by [1] show discrepancies with
experimental research more than 10%.
Of the three main forms of loss of
stability, there was a local loss of
stability, namely - the bends of the
shelves.

General and torsional forms of
loss of stability did not occur.

This can be explained by a
frequent step of installing connecting
plates on a column.

Especially these studies are interesting in terms of work of connecting elements - plates.
Therefore, as a result of experimental research, there is a need for a more detailed study of

through columns made of thin-walled bending elements.

1. DSTU-N B V.2.6-872009. Konstruktsii Budynkiv I Sporud. Nastanova Z Proektuvannia Konstruktsii Budynkiv

1z Zastosuvanniam Stalevykh Tonkostinnykh Profiliv.

2. Bielov I.D. Glitin O.B. Yurchenko V.V. Diedov O.P. Dzhaubaiev M.M. Vyprobuvannia konstruktsii fermy iz
hnutykh tonkostinnykh elementiv vidkrytoho profiliu // Zbirnyk naukovykh prats Ukrainskoho Naukovo-
Doslidnoho Ta Proektnoho Instytutu Stalevykh Konstruktsii Imeni V.M. Shymanovskoho / Pid zahalnoiu
redaktsiieiu zasluzhenoho diiacha nauky i tekhniky Ukrainy, d.t.n. profesora O.V. Shymanovskoho. K. Vyd-vo

«Stal» 2009 Vyp. 3 - S. 136-145
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Pe3ysibTaThl 3KCIIEPUMEHTAJIBHBIX HCCJACJ0BAHMIT THOKHX Ke/1e300eTOHHBIX KOJIOHH,
ApMHPOBAHHBIX BLICOKONIPOYHOI apMaTypoii.

Maueint /[ymkeeuy, 0ok.mexu.nayx, OeKkan gaxyibmema.
Baoum I'punée, kano.mexn.nayx, 0oyenm.

Vuueepcumem nayxu u mexuuku, (e. Bviozow, I[lonvua).

IIpu cTpouTeNnbCTBE M AKCIUTyaTallud 3[JaHUN M COOPY’KEHUM B CTOM YMCIIE CHELHUAIBHOTO
Ha3HAYCHUS OOJIBIIYIO POJIb MTPAIOT CXKATBIE NIeMEHTHL. OIOPHI BOZOHANOPHBIX OAIICH, KOJOHHBI
OpbI3rajbHbIX 0acCEHHOB I'paJupPEH, ONOPhl MATEPUAIONPOBOIOB M 000PYJI0BaHUSA B DHEPreTHKE,
IPOMBIIIICHHOCTH M B IPOYUX OONACTAX IPOMBIIIICHHOCTH. Kak HpaBumii0 B HACBHILCHHBIX
o0OopysioBaHHEM Iiexax, Hampumep KorenbHble B TOLl (nocturatomiye BbICOTHI 45 M M BbILIE),
OonblIoe 3HAYCHHE HMEET pa3Mep IOINEePeYyHOro CEeYEeHHs KOJOHHBI, IIPU €€ MaKCUMAJIbHO
BO3MOKHOI BBICOTE.

K coxanenuto, GOIbIIMHCTBO TPOCKTHBIX PELICHUH, MpPU YCTPOWCTBE BBICOKUX OIOD,
pa3paboTaHbl B METaJLIC, XOTS JKEIE300C€TOHHBIE UIEMCHTHI O0NAAAIOT PANOM IMPEHMYIIECTB B
OTJINYME OT METAJUIMYECKHX: KOPPO3HMOHHAs M OTHECTOMKOCTb, HU3Kas CTOMMOCTb. IlpmumHa
HEXeNaHUs IPOEKTUPOBIIUKOB MCIIOIb30BaTh >KEIE300€TOHHBIC T'MOKHE KOJIOHHBI KpPOETCS B
CJIOXKHBIX M HEJOCTATOYHO TOYHBIX METOJHMKAX pacdeTa, IpelaraeMblX eBpPONEeHCKUMU HOPMaMU
1. 5.8. /1/. Pa3Hnma Mexay pacd€TaMM M SKCIEpUMEHTAIbHBIMI JaHHEIME gocturaet 40% u Gonee,
9TO MOJTBEPXKJICHO U3YUEHHBIMU JTAHHBIMH /2, 3/.

Lenblo mpoBoAMMOM pabGOTHL: BBINOIHUTH PACYETHO-IKCIICPHMEHTAIBHBIC HCCIICIOBAHMS
CKaThIX, THOKHMX JKEIe300€TOHHBIX KOJOHH C HPOJOJbHOI HeHampsraeMoil apMaTypoil KiaccoB
B500B 1 B600B B coyeTanuu ¢ MonepeyHbIM apMUPOBAHUEM.

B coOTBeTCTBUH ¢ yKa3aHHOM LENBI0 PEIIATNCE CICAYIOIINE 3aladl: UCCICI0BAHO BIHUSHUC
BBICOKOIIPOUHON MPOJONBHON apMaTypbl Ha NPOYHOCTHBIE U IedOpMaTUBHbIE CBOHCTBA THOKHX
KOHCTPYKIWH{; BIMSHUE NPOLECHTA MIPOJOJIBHOTO apMUPOBAHUS HA MPOYHOCTHEIC, Ae()OPMATUBHBIC
CBOICTBA, a TAKXKE HAa XapaKTep pa3pyLICHUs.

B nabopaTtopuu yHUBepcHTETa ObLIM H3TOTOBJICHBI OIBITHBIE 00Pa3Ibl KOJIOHH C pa3MepaMu
200x200x3000(h), u3 TspKesmoro GeroHa MPOYHOCTBIO fem~43 Mlla, Ha rpaHHTHOM IneOHE U
KBapLEBOM IIecKe. ApMUPOBAIMCh CUMMETPUYHO NPOJIONBHBIMH CTEPKHAMU JuaMeTpamu: 10 M,
16 MM u 25 MM u3 cramm kinacca BS00B u B600B. IMonepeunast apmaTypa 1o BceW JUIMHE
KOHCTPYKIIMM TIPEACTABIICHA B BHJEC XOMYTOB M3 CTCp)KHEH IMaMETpOM 8 MM, PaclONIOKEHHBIX C
marom 200 Mm.

VcrbITaHns KOJOHH IIPOBOIMIKCH B TUAPABIMYECKOM IIPECCE ¢ MAKCHMAIBHBIM yCHIHEM
400 xH. Cxema 3arpyskeHus npeycMaTpuBaa Co3aHue yCIoBUi pabOThl KOHCTPYKIMI KaK CTOEK
¢ IIapHUPHBIM OIHPAHUEM, C OJJMHAKOBBIM HAIPABICHUEM IIPOJOJIBHON CHIIBL.

Bruto BBIIENEHO BE OCHOBHBEIC (DOPMBI pa3pyLICHHS: OT MPOJOJIBHOTO M3THOA B CepeanHe
BBICOTBI KOJIOHH M Pa3pyILEHHUs Or0JOBKOB Ha OIOPAX.

DKCIIepUMEHT MOATBEPANT 3(P(HEKTUBHOCT HCIOIb30BAHUS CTCPKHEBOH apMaTypsl B600B B
MOKHX, C)KAThIX JKeNe300eTOHHBIX 5sjeMeHTaX. CTeneHb HCIONb30BaHUS  BBICOKONPOYHOM
CTEPKHEBOM apMaTypbl Ha C)KaTHE BO3pAcTacT IIpU IIOBBIMICHUH IPOLEHTA apMHPOBAHHI,
YMCHBIICHUHU BBICOTHI CXKATOH 30HBI M YBSITHYCHUH KPUBU3HBI KOHCTPYKIIHH.

1. EN 1992-1-1:2004+AC:2010, IDT. IlpoekTipoBaHHe Kee3006 TOHHBIX KOHCTPYKIIMH.

2. Munos, A. E. Ocobennocty yuera 3(p(EKTOB BTOPOro MOPsIKA MPHU PACUETE CHKATBIX IKEIC300CTOHHBIX
anemenToB 1o TKIT EN-1992-1-1-2009* / A. E. Illunos, B. B. Me3en // IHHOBaIiMOHHAs MOATOTOBKA HH)KCHEPHBIX
KaJIpOB Ha OCHOBe eBpormeiickux crannaproB (EBpokonoB): marepuansl MexIyHapOAHOH HayYHO-TEXHHYECKOH
koHpepenmy. - Munck: BHTY, 2017. - C. 160-166.

3. CemenoB JI. C. Pacuer Hecymiell CIOCOOHOCTH JXEI€300CTOHHBIX KOJOHH HO JAe()OPMHUPOBAHHOW CXeEMe.
ITpombIIIEHHOE M TPaYKIAHCKOE CTPOUTENBCTBO. 9/2017.
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The results of experimental studies of flexible reinforced concrete columns reinforced
with high-strength fittings.

M. Dutkiewicz, Ph.D, Professor.
V. Griniov, Ph.D., Associate Professor.

University of Science and Technology, (Bydgoszcz, Poland).

Compressed elements play a big role in the construction and operation of buildings and
structures in the special purpose. Water tower supports, columns of splash pools of cooling towers,
support of material pipelines and equipment in energy, industry, and other areas of industry. As a
rule, in the equipment-saturated workshops, such as boilers in the power plant (reaching heights of
45 m and above), the size of the cross section of the column, at its maximum possible height, is
important.

Unfortunately, most design solutions, when using high supports, are developed in metal,
although reinforced concrete elements have several advantages as opposed to metal: corrosive and
fire resistance, low cost. The reason for the reluctance of designers to use reinforced concrete
flexible columns lies in the complex and not sufficiently accurate methods of calculation offered by
the European norms p. 5. 8. /1/. The difference between calculations and experimental data reaches
40% or more, this is confirmed by the studied data /2, 3/.

The aim of the work is to perform a calculated and experimental study of compressed, flexible
reinforced concrete columns with longitudinal unstrained rebar of the BSO0B and B600B classes
combined with cross-reinforcement.

In accordance with this goal, the following tasks were solved: the impact of high-strength
longitudinal fittings on the strength and deformative properties of flexible structures; the impact of
longitudinal reinforcement on the strength, deformative properties, as well as on the nature of
destruction.

In the university laboratory the prototypes of columns with sizes 200x200 x3000 (h), from
heavy concrete strength fem=43 MPa, on granite rubble and quartz sand were made. Reinforced
symmetrically longitudinal rods with diameters: 10 mm, 16 mm, and 25 mm of steel class BS00B
and B600B were used. The transverse fixture along the entire length of the structure is presented in
the form of clamps of rods with a diameter of 8 mm, located in a step of 200 mm.

The tests of the columns were carried out in a hydraulic press with a maximum force of 400
kN. The loading scheme provided for the creation of working conditions of structures as racks with
hinge leanings, with the same direction of longitudinal force.

Two main forms of destruction were highlighted: from the longitudinal bend in the middle of
the height of the columns and the destruction of headboards on the supports.

The experiment confirmed the effectiveness of the use of B600B rod rebar in flexible,
compressed reinforced concrete elements. The use of high-strength rod fittings increases with
increased reinforcement percentage, reduced compressed height and increased curvature of the
structure.

1. EN 1992-1-1:2004-AS:2010, IDT. Designing reinforced concrete structures.

2. Shilov, A. E. Features of accounting for the effects of the second order in the calculation of compressed
reinforced concrete elements on the TCP EN-1992-1-1-2009 / A. E. Shilov, V. V. Mezen // Innovative training of
engineering personnel based on European standards (Eurocodes): materials of the International Scientific and
Technical Conference. - Minsk: BNTU, 2017. - S. 160-166.

3. Semenov D. S. Calculation of the carrying capacity of reinforced concrete columns on a deformed scheme.
Industrial and civil construction. 9/2017
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HoBuii 6e3neunuii kongaiiHMeHT — 10cBix komnanii Sika

Apmenm 3axapos’, kepisnux nanpamxy I'idpoizonayisn
HOpiii Cobro™?, k.m.1, doyenm kagpeopu AMIJ,

'TOB «Cixa Vrpainar,
’Hayionanvnuii Ynisepcumem «Jlvsiscoia nonimexnixa»

IporsiroM mepmMx pOKIB eKCIUTyaTalii CTaJo 3po3yMino, IO 00’€KT «YKPUITSI» €
HecTaOUIbHUM 1 HeoOXiqHO OyJlyBaTH HOBY 3aXHCHY OOOJIOHKY. 3a pe3ysibTaTaMd MiKHApPOJIHOTO
KOHKypCY OyJi0 00paHO KOHIICMI[IO, [0 Maja CKJIAJaTHCS 3 apovyHOi KOHCTPYKIIi, TPOJIT SKOT
cknaznae 257 M, Bucora 108 M, noexuHa 162 M, a TaKoXK IHIIMX AONOMDKHUX criopyd. Hosuid
OesneuHuil KOH(paHMEHT po3paxoBaHo Ha 100 pokiB exciuryaranii. baratopiuni gocBin koMmaHii
Sika, HasBHICTH HEOOXIHOT TEXHIYHOI JOKYMEHTAIll Ta MiKHApOoAHUX He3anexHux Ceprudikarin
Ha TPOJIYKIIIO J03BOJIMB OyTH BIIEBHEHUMH Y HaIHHOCTI Ta JOBOBIYHOCTI 3alIPONIOHOBAHUX HAMH
TEXHIYHHX PilIeHb Ta TEXHOJIOTIH — BiJ QyHIaMEHTY 1O HOKPIBIIi.

Beron. Crenianictu KHYBA, siki 3aiiManuch NpoeKTYBaHHSM Ta JOCIHIPKEHHIM OCTOHHHUX
cymimreil i TeXHIYHUM CYIIPOBOJOM IPOTATOM BCHOTO Iepioxy OyIIBHULTBA PO3POOMIN IIPOrpamy 3
JOCII/DKeHb IPUIATHOCTI OETOHHUX cyMilleil 3 100aBKaMH Pi3HUX BUPOOHUKIB, IPOTE HANKPAIINX
pesyabrariB Oyio pocsrayTu 3 SikaPlast 2508. Bumvorn 10 100aBok — MyJbTH(YHKI[IOHATBHICTh
st 6eroHiB B7,5-B50, cTabinbHICTh BIaCTHBOCTEH OSTOHHOI CyMIllli IPOTSITOM TPUBAJIOTO yacy
TpaHcHopTyBaHHsl (5 roz.) Ta rapaHToBaHe 3a0e3nedeHHs (i3MKO-MEXaHIYHMX BJIACTHBOCTEH
OCTOHHHMX KOHCTDYKIiH. 3aranpHuil 00’eM BHrOTOBIECHHX OeTOHIB 3 noGaBkoro SikaPlast 2508
ckiaB 150 000 m3.

Tippoizoasiuisi. CxieniHHsg apKyl IiJ yacy JolLy 30upac BeNWYe3Hy KUIBbKICTh BOJH, SKY
BIZIBOJATH B [JBa «IITOPMOBHX OaceifHW» - Hi B IKOMY pa3i HE MOXKHA ITyCTHUTH i TOTOKH BOIHM MiJ
OCHOBY apku. B3umky B Oaceitiu 3 Bucotu 108 MeTpiB CXOAUTH CHII Ta KPHUra, TOMY TiApPOi30JIsIiito
Tpeba HaxiiiHO 3axUcTUTH. Bcei kaOenpHI KaHaiM, KOJOAA31 HAa MPOMUCIOBIH JUISHIN TaKOMXK
3aXUIIAINCh BiJ] BIUIMBY BoJioru. CBOE 3aCTOCYBaHHS 3HAUIIUTH CHCTEMH CIELiaIbHUX CTPIYKOK JUIS
mBiB Sikadur Combiflex, HaOpsikatoui B KoHTakTi 3 Bomor Matepianu SikaSwell, in’exiiiini
cmomu Sika Injection, rigpoizomsniiini Matepianu Sikalastic, 6itymui macTuku Sika Igasol.

Migmorn, crinu Ta crei. 3HOCOCTIMKI, OE3IIOBHI, Taki IO JIETKO MPHOMPAIOThCS Ta HE
HAKONHMYYIOTh paaioakTUBHICTb. OKpiM MiAJOr, MOKPUTTS HAHOCWJIMCH HA CTIHU Ta CTEIIO — 3
BHMCOKOIO XIMIYHOIO CTIHKICTIO Ta BiJIMIHHHUMH JI€3aKTHBAI[IMHUMH BJIaCTHBOCTSAMH. st 115OTO
BUKOPHCTOBYBanu enokcundi nokpurts Sikafloor, Sikagard, saramom 6mmspko 25000 M2
[IpumuKkaHHs 10 CTIH Ta TEXHOJOTIYHOTO O0NagHaHHA - XiMmiuHO crifikuii [1Y-repmeruk Sikaflex
Tank N. [llupokuii 1I0B M’k HOBOIO OETOHHOIO TUIUTOIO Ta CTIHAMH CTApOro 00’ €KTY «YKPUTTI»
Oyu0 HagiiiHO repmern3oBano pigkum 2K ITY-marepianom Icosit KC.

Moxpisai. Jlesxi cnopyau, mo 3HaXOAIThesi no3za Mexamu apku HBK morpeOysanu
HaJ3BUYaiHO HajiitHOT Ta pgoBroiynol mokpieni. Ile TIIO-memOpana Sarnafil TG 66-20
TOBINMHOIO 2 MM 3 OamactoMm. Takox Ha MOKpiBII OyI0 BHKOPHUCTaHO criemiaibHi kiaei Sarnacol,
pinki ITY-mem6panu Sikalastic, Heroproui mokpurts Sika Ecran.

Texniuna mninrpumka. CriibHa po3poOKa CHCTEM MaTepialiB 3 IPOEKTHOK TI'PYIO0
MOYMHAJIACSA 3 OTPUMAHHS TEXHIYHOTO 3aBJaHHS Ta OOTOBOPCHHS BajKJIMBUX JCTalel JUI JaHOTO
piweHnst 3 TexHiyHuM Biggiiom Cika YkpaiHa, Ta B KiHIEBOMY pPE3yJIbTaTi MPUHHSATTS PIlLICHHS
CTOCOBHO TOI UM IHINOI CHCTeMH MaTepialiB. B meskux Bumankax 3amydamucs (axiBIi KOMIaHIT
Sika pi3HHX MiIPO3UTIB 3 HIIMX KpaiH Ui PO3B’sI3aHHS CKIAJIHUX MMUTaHb CTOCOBHO HAIIHHOCTI
TUX Y{ IHIIMX MaTepialiB Ta cUCTeM. 3aCTOCYBaHHS HOBHX MarepialiB NOTPeOyBaJIO MOCTIHHOTO
[IPOBEJICHHA HABYAHHS MiAPAIHUKIB. Bci HaBuanbHI mpouecw BinOyBaiucs B PeaJbHHX yMOBax
OyIiBHMUILITBA Ta MOTPeOyBalM IOCTIHHOTO KOHTPOJIIO, SIK 31 CTOPOHM TEXHIYHOrO HAarJIsAy
IipsAAHNKA, TaK 31 CTOPOHH TexHiuHOro Bianiny Cika YkpaiHa.

1. Texuonoriunuii periament Sikadur Combiflex SG System. Heony6unikoBani Marepianu kommanii Sika.
2. Cucremni pimenns Sika 3 rizpoizossuii nokpisesns. Heony6nikosani matepianu xommanii Sika.
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The New safe confinement - Sika's experience

A. Zakharov', Manager TM Waterproofing,
Y. Sobko'? Phd AMD Department,

Sika Ukraine LLC,
State University “Lviv Politechnic”

During the first years of operation, it became clear that the old “Shelter” was unstable and
needed to build a new protective shell. According to the results of the international competition, a
concept was chosen, which was to consist of an arched structure, the span of which is 257 m, height
108 m, length 162 m, as well as other ancillary structures. The new safe confinement is designed for
100 years of operation.

Sika's many years experience, the availability of the necessary technical documentation and
international independent Product Certificates have allowed us to be confident in the reliability and
durability of our proposed technical solutions and technologies - from foundation to roof.

Concrete. KNUBA specialists, who were engaged in the design and research of concrete
mixtures and technical support during the all construction period, have developed a program for
researching the suitability of concrete mixtures with the admixtures of different producers, but the
best results were achieved with SikaPlast 2508.

Main requirements for additives - multifunctionality for concrete B7,5-B50, stability of
properties of concrete mix during long time of transportation (5 hours) and guaranteed maintenance
of physical and mechanical properties of concrete mix designs. The total volume of concrete
produced with SikaPlast 2508 was 150,000 m*.

Waterproofing. The vault of the arch during the rain collects a huge amount of water, which
is diverted into two "storm basins" — this water must not get under the base of the arch. In winter,
snow and ice descend into the pools from a height of 108 meters, so the waterproofing must be
reliably protected. All cable ducts and wells on the industrial site were also protected from
moisture.

Sikadur Combiflex joint tape systems, SikaSwell hydrophilic products, Sika Injection
injection resins, Sikalastic waterproofing materials, Sika Igasol bituminous mastics have found
application.

Floors, walls and ceilings. Wear-resistant, seamless, easy to clean and does not accumulate
radioactivity. In addition to floors, coatings were applied to walls and ceilings - with high chemical
resistance and excellent decontamination properties. Epoxy coatings Sikafloor, Sikagard a total of
about 25,000 m2 were used for this purpose. Dilatations to the walls and process equipment is done
with chemically resistant Sikaflex Tank N PU sealant. The wide seam between the new concrete
slab and the walls of the old Shelter facility was securely sealed with Icosit KC liquid 2C PU
material.

Roofs. Some structures outside the NSC arch required extremely reliable and durable roofing.
This is a TPO membrane Sarnafil TG 66-20 2 mm thick with ballast. Also, on the roof were used
special adhesives Sarnacol, liquid PU-membranes Sikalastic, non-combustible membrane Sika
Ecran.

TechnicalSupport. Development of materials systems with the project design team began
with obtaining a terms of reference and discussing important details for this decision with the
technical department of Sika Ukraine, and finally making a decision on a particular system of
materials. In some cases, Sika specialists from various departments in other countries were involved
to solve complex issues regarding the reliability of certain materials and systems.

The use of new materials required constant training of contractors. All training processes took
place in real construction conditions and required constant monitoring, both by the technical
supervision of the contractor and by the technical department of Sika Ukraine.

1. Method Statement of Sikadur Combiflex SG System. Unpublished materials from Sika.
2. Sika System Solutions for Roof Waterproofing. Unpublished materials from Sika.
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IManeas 3 ﬂOﬂepe‘lHO-KJ’leCHOi JA€peBUHU apMOBAHA KOMIIO3UTHUMH CTpi‘lKaMl/l

[enuc MuxaiinoscoKuil, OOKm. mexm. HayK, npoghecop kagheopu memanesux ma 0epes sHux
KOHCMPYKYIll.
Muxona Komap, acnipanm

Kuiscoruti nayionanvnuil ynieepcumem oyoisnuymea i apximexmypu (m. Kuis)

BucotHi criopyau 3 cy4acHHUX KOHCTPYKILIlf Ha OCHOBI JEpPEeBHHH HAaOyBaIOTh BCE OLIBIIOrO
MOIIUPEHHS B ycboMy CBITI. KOHCTpYKIIIi 3 SIKUX 3BOJSATHCS TaKi OyIUHKH 1 CIIOPY/AU € MPEIMETOM
HAyKOBHX BHIIPOOYBaHb, NOCHIIKCHb, B AKUX IOKA3ye€ThCs, IO BOHH KOHKYPEHTOCIPOMOXKHI,
€KOJIOTIYHI Ta eKOHOMiuHi. JlepeBMHa 3aBxau OyJja MOMYJSIPHAM OyIiBEJIbHUM MaTepiajioM
3aBISKH CBOIM TEXHOJNOTIYHHUM XapaKTePUCTHKAM, Ta [MPUPOAHUM CCTCTHYHUM SIKOCTSIM.
[epcriekTHBHUM HANPSIMKOM HPOCKTYBAHHS ACPEB’IHUX Oy IiBENb € MiJBUIIECHHSI KOHOMIYHOCTI Ta
HAIMHOCTI KOHCTPYKI 3a paxyHOK apMyBaHHs NaHEJed 3 MOIMNEPEYHO-KICEHOI JepeBUHU
KOMIIO3UTHUMH CTPIYKaMH Ta e()eKTUBHOIO BUKOPUCTAHHSA 1X HECYdOi 31aTHOCTI.

Meroro poGotH € po3pobka TaHeNni 3 IONCPEYHO-KICEHOI JICPEBHHH apMOBAHOL
KOMITO3UTHUMH CTpIYKaMHM, SIKi MAlOTh MiJBHIIEHY HECydy 3JaTHICTh NpH iX poOOTi Ha 3ruH
BUKOPHCTOBYIOYHM METOAMKY 3a aHaioriero [1]. [TaHens 3 monepedHO-KIC€HOI NEpeBHHH Micis il
BUTOTOBJICHHSI apMYy€ThCSl KOMIIO3UTHHMH CTPIYKaMH 110 HIDKHBOMY 30BHILIHBOMY LIapy IOIIOK.
ApMyBaHHS HaHENeHl 3 MOIEPeYHO-KICEHOI ACPEBUHU IPOIOHYETHCS BUKOHYBATH CTPIUKAMH 3
MOJIMEpIB IMiICHICHNX BYTJICLEBUMU BOJOKHAMH HAKJICEHHX B3JIOBX BOJIOKOH 30BHILIHIX IIapiB
JIOIIOK, 32 OKpeMHM po3paxyHKoM [2] (puc.l.). CTpiuku HaKJICIOIOTBCS HA KOHCTPYKIIIO B SIKOCTI
30BHIIIHBOTO APMYBaHHSI BUKOPHCTOBYIOUN CIIOKCHIHUN KJICH. ApMyBaHHS IaHeJel 3 IoNnepevyHo-
KIJICEHOT JIEPEBUHHM KOMIIO3UTHHMHU CTPIUYKaMHU JI03BOJIsIE 30UIBIIMTH IX HECydy 3JaTHICThb, MPH
30epeXeHHI TeOMETPUYHUX PO3MIpIiB IONEPEUHHX Mepepi3iB. 3aCTOCYBaHHS MaHENIEH 3 IONePEUHO-
KJICEHOI JICPEBHHH AapMOBAaHUX KOMIIO3UTHUMHM CTpidKaMHM HE Ma€ aHajoriB B cBiTi. Take
KOHCTPYKTHBHE DIlICHHS [O3BOJISE: MIJBHINATH HECydy 3[aTHICTh MAHENCH, 3MCEHIIUTH
TCOMETPUYHI I1apaMeTpH, a CcaMe BHCOTH IIONEPEHYHOro Iepepily, BUKOHYBATH IIiJCHICHHS
ICHYIOUHX IMaHeJIeH 3 MONepeYHO-KIICEHOT ISPEBUHM NP 301IbIICHHI IPOCKTHUX HABAHTAXKCHb.

Bu A

I OtpumaHi pe3ynbTaTH [OCIIIKEHb
CBiqUaTh, IO MaHEIb 3 MOIEPEYHO-KICEHOT
: JIepPeBUHU apMOBaHa KOMIIO3UTHHMH
S CTpiYKaMH J03BOJISIE 30UIBIINTH iX HECydy
4 E & 3IaTHICTH, IMIIBUIIATU Ae()OPMATHBHICTH Ta
4 HaJiHHICTh KOHCTPYKILIH B IiIOMY.

Ilanen» 3 HONEpEYHO-KIECEHOT
JIepEeBHHI apMoOBaHa KOMITO3UTHUMHI
i CTpiYKAMH € HOBUM  KOHCTPYKTHB-HHM
e CIIEMEHTOM, 0 MOTPedye MOaNbIIOro
JETAIbHO BHUBYEHHS POOOTH 3  MO3MIIT
HaIpy»X eHO-1e()OPMOBAHOTO CTaHy Ta

Tllun A

Puc.1. Tlanesns 3 nonepeyHoO-KICEHOT AEPEBUHU apMOBaHA
KOMITO3UTHUMH CTPIYKaMH I10 30BHILIHIM IIapaM JOLIOK.

PO3POOKM METOJIMKH PO3PAaXYHKY SIK OKPEMHX EJIEMEHTIB, L0 MPAIfOIOTh Ha 3TUH, TaK 1 IUINX
OyniBens 3 X 3aCTOCYBaHHSM K CUCTEMH «OCHOBa-()yHIaMCHT-HAa3eMHa KOHCTPYKIIis».

1. 1. B. MuxaitnoBcekuii, M. A. Komap. [mkeHepHa METOIHMKA PO3PAXyHKY €JIEMEHTIB 3 KJICEHOI IEePeBHHH,
apMOBaHOT KOMIIO3UTHOIO0 apMaryporo / Muxaitnosckuii J[. B., Komap M. A. // ByaiBeibHi KOHCTPYKIIii, Teopist i
npakrtuka Ne7 KHYBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - C. 93 - 100. — 128 c.

2. JI. B. MuxaiinoBcekuii, A. A. Komap. AHalni3 icCHyIoUMX METOIUK PO3paxyHKy MaHeseil 3 mepexpecHo-KIeeHoi
JICPEeBUHU 32 JPYTHM IPaHUYHUM cTaHoM / Muxaiinosckuit [I. B., Komap A. A. // ByaiBenbHi KOHCTpyKILii, Teopis i
npaktuka Ne5 KHYBA, 2019. ISSN: 2522-4182 - C. 24 - 31.
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The panel from cross-laminated timber is reinforced with composite tapes

D. Mykhailovskyi, of Doctor of Philosophy, Professor of the Department of Metal and Wooden
Structures
M. Komar, postgraduate

Kyiv National University of Construction and Architecture

High-rise buildings of modern structures based on wood are becoming increasingly common
around the world. The structures from which such buildings and structures are erected are the
subject of scientific tests, research, which shows that they are competitive, environmentally friendly
and economical. Wood has always been a popular building material due to its technological
characteristics and natural aesthetic qualities. A promising direction in the design of wooden
buildings is to increase the efficiency and reliability of structures by reinforcing panels of cross-
laminated timber with composite tapes and the effective use of their load-bearing capacity.

The aim of the work is to develop a panel of cross-laminated timber reinforced with composite
tapes, which have increased load-bearing capacity during their work on the bend using the method
by analogy [1]. The panel from cross-laminated timber after its manufacturing is reinforced with
composite tapes on the bottom external layer of boards. Reinforcement of panels from cross-
laminated timber is offered to carry out tapes from polymers strengthened by carbon fibers pasted
along fibers of external layers of boards, by separate calculation [2] (fig. 1). The tapes are glued to
the structure as external reinforcement using epoxy glue. Reinforcement of panels from cross-
laminated timber by composite tapes allows to increase their bearing capacity, at preservation of the
geometrical sizes of cross-sections. The use of cross-laminated timber panels reinforced with
composite tapes has no analogues in the world. This design solution allows you to: increase the
load-bearing capacity of the panels, reduce the geometric parameters, namely the height of the cross
section, perform reinforcement of existing panels of cross-laminated timber with increasing design
loads.

The obtained research results
show that the panel from cross-
laminated timber reinforced with
composite tapes allows to increase
their bearing capacity, to increase
deformability and reliability of
designs as a whole.

Ly

Fig.1. The panel from cross laminate imber is reinforced with
composite tapes on the outer layers of the boards.

The panel from cross-laminated timber reinforced with composite tapes is a new constructive
element that requires further detailed study of the work from the position of stress-strain state and
the development of methods for calculating both individual elements working on the bend and
entire buildings using their system "foundation-foundation-ground construction".

1. D. V. Mykhailovskyi, M. A. Komar. Ingenerna metodika rozrahunku elementiv z kleenoi derevini, armovanoi
kompozitou armaturou / Mykhailovskyi D. V., Komar M. A. // Budivelni konstukchii, teoria i praktika Ne7
KNUBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - S. 93 - 100. — 128 S.

2. D. V. Mykhailovskyi, A. A. Komar. Analiz isnuuchih metodik rozrahunku paneley z perehresno-kleenoi derevini
za drugim granichnim stanom / Mykhailovskyi D. V., Komar A. A. // Budivelni konstukchii, teoria i praktika Ne5
KNUBA, 2019. ISSN: 2522-4182 - S. 24 - 31.
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TeoperuuHi napaMeTpu cTajaeBHX roppoBaHUX 0AJIOK ONITUMATLHOI BUCOTH

Jwomuna Jlaspinenko, Kkano.mexmw.nayx, Ooyenm Kageopu memanesux i OepesHux
KOHCmMpYKYitl
Kuiscokuil nayionanbruil yrieepcumem 0yOisHuymed i apximexmypu (M. Kuis)

I[TokazaHo, 110 JesKi TeOMETPHYHI MapaMeTpH OaJKd 3 MONEPEeYHO TO(YPOBAHOIO CTIHKOIO
MO)KyTL OyTH mMpu3HAYCHI SK ONTHMAaNbHI 3 YypaxXyBaHHAM OOMEXKEHb 3a MILHICTIO 3a
HOPMAaJIBHUMH Ta JJOTHYHHMH HAIPY>KCHHAMH, CTIHKICTIO TOQpOBaHOI CTIHKH Ta KOHCTPYKTUBHUMH
oOMexxeHHsIMH. J[i1s1 GicHMETpUYHOTO Tepepily HaWMpOCTIMM € Kputepii MiHimymy. Knacumyna
3ajaua PO3MIIAHYTa 3 ypaxyBaHHAM POOOTH rodpoBaHOI CTIHKH B CKiIafl Oanku. MaTemaTwdHa
MoJenb To0OyaoBaHa sK 3amada MiHiMmizamii niiboBol (yHKHIT (Macku Oanku) 3 ypaxyBaHHSIM
KOHCTPYKTUBHUX KoedilieHTiB. BpaxoBaHi 0OMeXeHHs 32 MII[HICTIO CTIHKM Ha 3pi3 Ta BTPATOIO
CTIHKOCTI CTIHKM 3a 3arajbHOi (opMor. Po3misHyTi 3HaueHHS MiHIManbHOI BHCOTH OalKu 3a
YMOBOIO HENEPEBHUIICHHS OIyCTUMOrO NPOTHHY 3 ypaxyBaHHsIM nedopMmaiiii 3cyBy TOHKOL
CTIHKH. YTOYHEHI o0OMexeHHS 3a JnedopMaTHBHICTIO. OOMEXKEHHS HE € AaKTHBHHMH Ta
BHUKOPHCTOBYIOTBCS SIK TaKi, 110 0OMEKYIOTh 00J1acTh po3risiayBanux napamerpis [1]. Orpumani
3aJI€KHOCTI, L0 J03BOJSIOTH AHANI3yBaTH ONTHUMAaJbHI 32 BHUCOTOI OaJKH, BUSBUTH 00JacTi
e(peKTUBHUX piNIeHb Ta BCTAHOBHTH pAaLliOHANbHI KOHCTPYKTUBHI pIlIEHHA IOKPUTTIB Ta
MEPEeKPUTTIB 13 3aCTOCYBaHHSIM OaJOK 3 TO(PPOBAHUMH CTIHKAMH. YTOYHEHHS BIUIMBY
KOHCTPYKTHBHHX KOC(DIII€HTiB MOXKINBE MapaleIbHO 3 aHAII30M TaKHX KOHCTPYKTUBHUX DiIICHB,
[I0 HPHU3BOIATH 1O 3MCHIICHHS LHUX KOC(ILI€HTIB, HANpUKIal, Ieperada HaBaHTAXKCHb Bil
CYMDKHHUX KOHCTPYKLil 6e3 BKIIOYEHHs CTIHKH y podorty [2].

JlocmimKeHHS yTOYHIOE MEXi 3aCTOCYBaHHS TOHKOCTIHHHMX TO(POBaHHX OaJOK 332 yMOB
PEKOHCTPYKIIi OyaiBedb i3 30UIbIICHHSIM HABaHTA)XKCHHS Ha MEPEKPHUTTS 3 TOBHOK 3aMiHOIO
mepekpuTTss abo HOro miACHICHHA NULIXOM BCTAHOBJICHHS NOJATKOBHX OAaloK, ¢ BHCYBAaIOTh
BUMOTH. yTBOPCHHS IIEPEKPHUTTIB MOHIKEHOT BUCOTH. J{OCIIIKY€ETHCS Ta MPOXOANUTH anpodatito

3aCTOCYBAaHHS TaKHUX OaloK B
KOMOIHOBaHMX  KOHCTPYKIISIX
| OKpuUTTIB [3].
! Tlokazani 00macTi parioHaIbHUX

Lo#

- nal- hwaTS 00 piuieHb. YncenbHi D0CHiKEHHS
= OGmidxanin — i
T e IIPOBEJICHI JUTSE 0aIKOBUX

KOHCTPYKLi#i 3  XBHISACTOIO
ro(p)poOBaHOIO CTIHKOIO, B SKOCTI

= M= 1000r

0OMeKeHb POCKTYBAHHSI
BHKOPHCTOBYIOTBCS
HEpiBHOCTI/PIBHAHHS YMOB
| hw=500m 3a0e3neyeHHs Hecy4oi 31aTHOCTI
| fee323vm 3a JIBH B.2.6-198. Otpumani
ONTHMAJIbHI 3HAYCHHS BHCOTH
OaJky Ta IOB’s3aHi 3 HHUMHU
T 3HAYCHHS rapameTpis 3a
KpuTepieM MiHIMyMy MacH B
Puc. 1. TeoperuyHi rpaHuuHi OPONBOTH  TroppOBaHUX OAJOK, niarna3oHi 3aCTOCOBYBAaHUX
3aIIPOCKTOBAHKX 3 ONTHMAIBHOI BHCOTOI (JTiHifiHE HAaBAHTAKCHHS HOPOJILOTIB ~ Ta  HABAHTAXKCHb
16,2 kH/m, o00nacTb mOMyCTMMHX pillleHb pPO3MillleHa HIDKYE (puc.1).
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Theoretical parameters for steel corruganed web beams with optimal height

L. Lavrinenko, candidate of technical Sciences, Associate Professor, Department of Metal
and Wooden Structures,

Kyiv National University of Civil Engineering and Architecture

The optimal height of the beams with a given moment of resistance is calculated and the
spans for such beams are determined. The task takes into account the features of the actual
operation of the corrugated cloth. The mathematical model is considered as the task of minimizing
the objective function (beam mass), taking into account design factors. Structural coefficients and
their influence on the target function are considered. Both the limitation of the shear strength and
the limitation of the overall stability of the wall shape are taken into account. Deflections are
determined taking into account the shear deformations of a thin web.

The minimum values of the beam height are considered when the permissible deflection is
not exceeded. It is shown that the introduction of the conditions of shear strength and wall stability
into the resolving equation indicates the lower limit of the value of the calculated variable. The
limitation does not apply in the area of possible solutions. Areas of rational decisions are shown.
Numerical studies were carried out for corrugated beam structures. Design requirements according
to design standards are used as method constraints. The optimal values of the beam height were
obtained according to the criterion of the minimum mass in the range of applied spans and loads.
The effective values of spans and loads for beams with corrugated walls in the range of optimal
parameters and technological limitations have been determined [1]. Further research is needed to
find design solutions that minimize the values of design factors, taking into account specific. effects
such as local stress and the actual environment of use [2].

Dependencies are obtained and a simple method is constructed that allows one to analyze the

L optimal parameters of the beam
| height and  effective  design

= i parameters. The method makes it
PRI possible  to  establish  rational

* iz —_—— solutions for the planning of

_l el .
*h BegapamdBdme = coverings and floors made of

corrugated board, taking into
2 w1000 account the real conditions of

operation  and  reconstruction,
| bw=T50mm . g .
providing technological
[ requirements and fire resistance

requirements. The possibility of
effective use of beams in combined
) structures is shown [3]. An example
60 twem of determining the range of optimal
parameters is shown; the area of

optimal parameters is within the
Fig. 1. Theoretical limit spans of corrugated beams designed with area of stiffness and technological

optimal height (linear load 16.2 kN / m, the range of permissible limitations (Fig. 1).
solutions is located below the corresponding curve)
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Oco01uBocTi 6araToIApOBUX KOHCTPYKLili 30BHIIIHIX cTiH

Anopin Masypak, kano.mexmu.nayxk., ooyenm,
Bimanii Kanvuenko, acnipanm xageopu TOB,.
Oxcana Masypak, kano.mexu.nayxk 0oyenm xkageopu exonoeii

JIvsiscokuil HayionansHull azpaprutl yrieepcumem (m.J1v6ie)

VY 3B’3Ky i3 3MiHOIO HOPMATHBHUX BHUMOT JI0 TEIUIOBOIO OINOPY 30BHIIIHIX OrOPOKEHb, B
Cy4acHii NpakTHIi OyIiBHULTBA BHKOPUCTOBYETBHCS BEJIMKA KUIBKICTH CHCTEM YTCIUICHHS, SKi
0COOJIMBO MIMPOKO 3aCTOCOBYIOThCS Yy 0AaraTorapoBUX KOHCTPYKLISX CTiH. 3p03yMiso, 110 KOXKHA 3
LUX CHCTEM Ma€ CBOI MepeBaru Ta HeJOMIKH, 1 BiIITOBIHO, pallioHANbHY chepy 3aCTOCYBaHHSI.

B OyniBenbHIN MpakTHIlI BUKOPUCTOBYIOTHCS TaKi OaraToIIapoBi CHCTEMU OTOPOJIKEHb CTiH:
cUCTeMa 3 CYLUIBHOIO TEIUIOi30IsIicl0 0e3 MOPOKHUH (YTEIUICHHSI CTIH 32 METOJOM CKpiluIeHOT
TEIUIOI30I AL Ta TOPKPETYBAHHS 0 LIApy TEIUIOI3OIALIIMHOrO Marepiany); CHCTEMa 3 3aXHCHHM
JIEKOPaTHBHUM €KPAaHOM Ta BEHTHIIALIHHUM IMOBITPSIHHM IPOIIAPKOM; CHCTEMA «TEIUIUX» IITY-
KaTypoK (BUKOHAHHX MOKPHM IIPOLIECOM); CHCTEMa 3 OOJIHIFOBAHHSM IIETJION0, IPIOHOIITYYHUMH
elIeMEHTaMH Ta MPONIAPKOM i3 YTeIUlioBauya; CHCTeMa i3 yTeIulioBada, 3Mil[HEHa 3aXHCHUMH
mapamy. KOHCTpYKTHUBHE BHUpILICHHS CTiH, B SIKMX LIAP TEIJIOBOI 130 KPIMUTHCS 1O HECy4oi
YaCTHHU CTIHM 3a JOIMOMOTOI0 KJICHOBHUX PO3YMHIB Ta MEXaHIYHHX 3ac00iB KpIIJICHHS 3
HAHECEHHSIM 3aXHMCHOTO MOKPUTTA, YU TOPKPETOETOHY Ha IIap TEIUIOBOT 130JIsLiT i3 ONOPSHKEHHIM
MIOBEPXHI € HAHOLIBII MOMMPEHNM, IIPOTE Ma€ Pl OOMEXeHb. SIK BapiaHT «CyXOro» BHKOHAHHS, B
SKOMy IIap TEIUIoBOi i30JISIii KPIiMUTBCS O HECydol YAaCTHHM CTIHM MEXaHIYHO, 3a PaxyHOK
KPIMWIBHUX €IEMEHTIB KapKacy, Ha KU HaBIIIYIOThCS OMOPSKYBaJIbHI €IEMEHTH 3 YTBOPEHHSIM
(iKCOBAHOTO IOZO TOBIIMHH IIOBITPSHOTO NPOLIAPKY, € BIAJMM KOHCTPYKTHBHUM BUPIIICHHSM,
[poTe 3 Mi/IBUILEHOIO BapTicTIO. L[ KOHCTPYKTHBHA cHCTeMa J03BOJISIE HE JIMIIE YTEIUTUTH (acay
BHCOTHHX OyIUHKIB y Pi3Hy HOPY POKY, ale i 3aCTOCOBYBAaTH IPOCTO IS OOJIMIIOBAHHS 1 3aXHCTY
OTOpOJUKYBAJILHUX KOHCTPYKIIiH, a TAKOXK HAJa€ apXiTEKTYpHY BHpa3HICTh Oy iBIi.

JIBOCTOpOHHE HaHEeceHHS e(eKTHBHOI TeruIoi3oisuiiHol mTyKarypku (2x50mMm) i3
o0JIeTIIICHNX HAIlOBHIOBAYiB (HAIpHKIIal, Mikpocdepy) morpedye BUCOKNX TEXHOJIOTTYHIX HaBUKIB
B Mpolleci BUKOHAHHA. [X MOXHA HAHOCMTH Ha KDYy, apouyHy TOBEPXHIO, BUKOHYBaTH
PI3HOMAaHITHI JEKOpaTHBHI €JIEMCHTH, YTEIUIIOBATU BHUKPHBIICHI IUIAHKH (acamy 1 BcepeauHi
MPUMIIICHB. 3arajioM CKOPOUYYEThCS MaTePiaJOMICTKICTB 1 BAPTICTH CAMUX POOIT.

BararomapoBa criHa i3 KaM'sHMX IITYYHHX €JIEMEHTIB 3 yTEIUIIOBAYEeM BCEPEAWHI CTiHU
BUKOPHCTOBY€ETHCSI HaifyacTile B HOBOMY OyIIBHHITBI 1 HAJIEKHUTb IO TPaJULiHHHX CIOCOOIB
3BeseHHs. Lle B MeBHIil Mipi MOKHA BIIHECTH 1 J0 KOJIOJSA3HOI Kiaaku. TpuiapoBa KOHCTPYKILis
CTIHH i3 yTEILII0BaYa 3MIIHEHOTO 3aXUCHUMU mIapamu € MJIM-cucTema, B SKii MIHOMOTICTHPOIBHI
IUTATH 3HAXOASTHCS B CEpE/IHIN 30HI, MK JIBOMa TNIOCKMMH CITKaMH, sIKi 3’€/IHaHI JAiaroHaJIbHUMHA
po3kocamHu  apMmartypd, 3axuiieHi 3 000X OOKIB apMOBaHMMHU LIapaMH pPO3YMHY YU
IpibHO3epHHCTOr0 6eTOHY 1 TOpKpeTOeToHY (ToBIHMHOO 110 40-60 MM). B pesynbrare yTBOPIOETHCS
BIIHOCHO JIeTKa, TPhOXMIpPHa CTEp)KHEBa CHUCTEMa IMiJBHUIICHOI >XOpcTkocTi. Hemonikom Takoi
KOHCTPYKIil MOXXHa BBa)XaTH BIJHOCHO BENUKY BapTICTh IIaHENEH Ta BHUKOPUCTAHHS MOKPHX
MPOIECiB MPH BUKOHAHHI po0iT. Ha OCHOBI NpOBE/ICHNX BIIACHUX EKCIIEPUMEHTAIBHUX JIOCII/KCHD
MPOMOHYEMO KOHCTPYKIIIO 1 TEXHOJIOTII0 BIIAIITYBAaHHS OaraToliapoBoi CTiHM 13 COJIOMH,
3MIIHEHOI TOpKpeTOeToHOM. TexHouoris nepeadadyae HAHECEHHsT apMOBAHOIO TOPKPETOCTOHY Ha
COJIOM siHI TIOKH, SIKi 1icysi HaOUpaHHS MILHOCTI OyyTh BUCTYIIATH B SIKOCTI KOMIIOHEHTA 3aXUCTY
MOBEPXHI COJOMH, a TaKOX KapKacoM 0araTomapoBoi CTiHH. 3alpOIIOHOBAHA TEXHOJIOTIA
TIPOTIOHY€ETBCS ~ JUIS  CLTbCHKOTOCIIOAAPCHKHUX, BHPOOHMYHX, TPOMAJCBKMX 1  IMBUIBHHX
MAaJIONOBEPXOBUX OyniBenb 1 crnopya. KOHCTpyKuito CTiHM 13 COJNOM’SIHUX OJIOKIB, 3MIilIHEHOT
TOPKPETOM, 3aXUILEHO ATEeHTOM Ha KopucHy Moaenb UA Ne 83691 U.

1. Masypak A.B. CyuacHi TexHONOriuHi BHpIlIEHHS NpM BiAWTyBaHHi Teruoizomiuii dacaxis / Cyuachi
TEXHOJOTi1,MaTepiany i KOHCTpyKii B OyaiBHuUNTBI:. Binamisr: YHIBEPCYM -Binauns. 2009. — Ne2.-¢.75-81.
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Features of multilayer constructions of external walls

A. Mazurak, candidate of technical Sciences, Associate Professor,

V. Kalchenkoy, postgraduate, Department of Technology and Organization of Construction,

O. Mazurak, candidate of technical Sciences, Associate Professor, Department of Ecology,
Lviv National Agrarian University (Lviv)

Due to the changing regulatory requirements for thermal resistance of external fences, in
modern construction practice, a large number of insulation systems are used, which are especially
widely used in multilayer wall structures. It is clear that each of these systems has its advantages
and disadvantages and, accordingly, a rational scope. The following multilayer wall fencing
systems are used in construction practice: system with continuous thermal insulation without
cavities (wall insulation by the method of bonded thermal insulation and shotcreting on a layer of
thermal insulation material); system with a protective decorative screen and ventilation air layer;
system of "warm" plasters (made by wet process); system with brick facing, small-piece elements
and a layer of insulation; the system from a heater is strengthened by protective layers. The design
of walls in which a layer of thermal insulation is attached to the load-bearing part of the wall by
means of adhesive solutions and mechanical fasteners with protective coating or shotcrete on the
layer of thermal insulation with surface finishing is the most common, but has a number of
limitations. As a variant of "dry" design, in which the layer of thermal insulation is attached to the
load-bearing part of the wall mechanically, due to the fastening elements of the frame on which the
finishing elements are hung with the formation of a fixed thickness of the air layer, is a successful
design solution. This constructive system allows not only to insulate the facade of high-rise
buildings at different times of the year, but also to use it simply for cladding and protection of
enclosing structures, as well as provides architectural expressiveness of the building.

Bilateral application of effective heat-insulating plaster (2x50 mm) from the facilitated fillers
(for example, microspheres) demands high technological skills in the course of performance. They
can be applied to a round, arched surface, perform a variety of decorative elements, insulate curved
areas of the facade and indoors. In general, the material consumption and cost of the works
themselves are reduced.

A multilayer wall made of artificial stone elements with insulation inside the wall is most
often used in new construction and belongs to the traditional methods of construction. In a three-
layer system to ensure the load-bearing capacity of the wall, the joint work of the layers of structure
and thermal resistance, an important role is played by the culture of production, because many
works are hidden. This to some extent can be attributed to the well masonry.

The three-layer wall structure of insulation reinforced with protective layers is a MDM system
in which expanded polystyrene slabs are in the middle zone, between two flat grids, which are
connected by diagonal struts of reinforcement, protected on both sides by reinforced layers of
mortar or fine-grained concrete and shotcrete (40-60 mm thick). The result is a relatively light,
three-dimensional rod system of high rigidity. The disadvantage of this design can be considered
the relatively high cost of panels and the use of wet processes in the performance of works.

Based on the study of experience in construction, operation and our own experimental
research, we offer the design and technology of a multilayer wall of straw, reinforced with
shotcrete.

The technology involves the application of reinforced shotcrete on straw bales, which after
gaining strength will act as a component of protection of the straw surface, as well as the frame of
the multilayer wall. In the process of applying shotcrete, straw will play the role of a formwork
element of the mixture, and during the operation of the building will be an effective insulation.

The proposed technology is offered for agricultural, industrial, public and civil low-rise
buildings and structures. The construction of the wall made of straw blocks, reinforced with
shotcrete, is protected by a utility model patent UA Ne 83691 U.

1. Mazurak A.V. Modern technological solvings when arranging heat insulation fasades/ Modern tecnologies
materials and stractures in cival engineering: Vinnitsia: UNIVERSUM.- Vinnytsa, 2009 -Ne2, -p.75-81.
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TexHo/IOTi4Hi aCeKTH PEKOHCTPYKUIT IPH MiicHIeHH] 3211300 TOHHIX KOHCTPYKIii
KOMIIO3UTHUMH MaTepiajaMu

Ana Jlucrok, mazicmpanmra
Tanna lllnakosa, 0oxkmop. ekoHoM. HaYK, npoghecop Kagedpu 6yOieerbHUX MexHOI02Il

Kuiscoruil HayionanvHutl yHisepcumem 6yoienuymea i apximexkmypu (m. Kuig)

Ilin gac pexoHCTpYKLii OyMiBeNb i CHOPYA HAMOLIBII MOMYJIIPHUMU CIIOCOOAMH ITiJICHIICHHS
KOHCTPYKLIiH € 30UIbIIEeHHS iX MONepevHOro nepepizy 3a paXyHOK HPHETHAHHSI HOBUX J0JaTKOBHX
€JIEMEHTIB, 3aCTOCYBaHHs 3aTSDKOK Ta IUNPEHIENIB, SIKi YTBOPIOIOTH IONEPETHE HANpPY)KEHHS B
KOHCTPYKLISIX, BIALITYBaHHS XyOJIOIOYHX EJIIEMEHTIB MU IEPepO3IONily HAaBAHTAKCHHS 1, SIK
CJIIJICTBO, PO3BAHTAKEHHSI KOHCTPYKIIIH.

TpaaumiiHO JUIS TiICHICHHS BEPTHKAIBHUX KOHCTPYKIIH — KOJOH BHKOPHUCTOBYIOTHCS
JIOJIATKOBI €IIEMEHTH: 000iiMH (3as1i300eTOHHI a00 cTajneBi), JIBOCTOPOHHI a00 OJHOCTOPOHHI
posmipku, Tomo. IIpoTe Taki pilleHHS MalOTh Psg HEOMIKIB: 3MEHIIYEThCA BHYTPINIHSA F€OMETPist
OyiBIIi, 301IBIIY€ETHCS Bara KOHCTPYKIIH Micist peKoHCTpyKIii, Toio [1]. B Takux ymoBax o0iacthb
3aCTOCYBAaHHS 3allpPOIIOHOBAHMX MPOEKTIB Oyne oOmexxena. Ciif BII3HAYMTH 1 TEXHOJIOTIUHI
HEJIOJIKH, TIOB’s13aHi 31 3HAYHOIO TPYIOMICTKICTIO POOIT B CKJIQJHHX CTHCHEHUX (OOMEXKEHHX B
MPOCTOPi) YMOBax 13 3allydeHHSM SIK BHCOKOBAapPTICHOTO OOJIaJHAaHHS, TaK 1 JOJaTKOBUX
BUCOKOKBaNi(hiKoBaHHUX (haxiBIiB [2].

Binbimr e(pekTHBHUM IHHOBALIHHAM METOJIOM ITiJCHIICHHS KOJIOH € CIIOCiO TOCHJICHHS 3a
JIONIOMOT'0I0  KOMITO3UTHOI'O MaTepialy — BYIJIEBOJIOKHA, OCKUIBKM IPYHTYETHCSI Ha OOMEKEHHI
MOTIEPEYHOr0 JIe)OpPMyBaHHS eJIeMEHTa 4Yepe3 BHUCOKY MIllHICTh Ha PO3TSATHEHHsS MaTepiairy
BoJIokHa. Ha BigMiHy Bij cTali, IO CTBOPIOE IMOCTIHHMW pajiajbHUN THUCK Ha ITiJICHIIOBAHHNA
EIIEMEHT TICJsl JOCATHEHHS IUIACTHYHOCTI, BYTJICBOJIOKHO MPYXKHO JehOopMyeTbes ax [0
pyiHYBaHHs i Hamae 3pOCTAIOYMI NMACHBHMI palialbHUil THCK Ha OCTOH, IO 3HAXOMUTBCS IMiJ
OCBbOBHM HaBaHTAXEHHsM (puc. 1).
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Puc. 1. [lopiBHsubHHIT rpadik gedopmyBaHHS Puc. 2. ®parMeHT BUKOHAHHS poOiT 3
IpH MiJCUICHHI 000iMaMu 3 pi3HUX MaTepialiB. ITiICHJICHHSI KOJIOH BYTJICBOJIOKHOM

3 TOYKU 30py TEXHOJIOTIYHUX II€peBar BHOKPEMIIIOIOTHCS HACTYIIHI: BiJCYTHICTH IOTpEOM B
CKJIAZIHOMY TeXHIYHOMY 00JIa/IHaHHI (MAIIMHU Ta MEXaHi3MK); poOOTH He MOTPeOyI0Th CreuialibHOT
(By3bkoi) kBamiikamii, OCKIIBKM 3a TEXHOJOTIYHHMH OIEpalisMH BiANOBINAIOTH IIpoLECy
BIIAIITYBAaHHS PYJOHHOI HAKJICIOBAHOI Tiapoi3oismii (puc. 2); MawTh IIHPOKUH  CIIEKTP
3aCTOCYBAHHSI - BIICYTHICTh PO3MIPHUX OOMEXeHb 3a JOBXUHOIO 10 250 M. Bee 1ie nmpu3BoauTh B
CBOIO Yepry IO 3MCHIICHHS TPHBAJIOCTI BUKOHAHHS POOIT i CIIPOLICHHS BUMOI IO MaTepiallbHO-
TEXHIYHOI 0a3u Ta YnCeIbHO-KBaMI(iKaLiIHOrO CKJIaly BUKOHABLIIB.

1. O.1. Banosoii. EexTnBHi METOIM pEKOHCTPYKIIT MPpoMUCIOBUX Oy 1iBeiIb Ta imKkeHepHux criopy. — Kpusnii Pir:
Minepai, 2003. — 270 c.

2. Momogen, A. C. DKCIEpUMEHTAIbHBIC HCCICJOBAHUS TEXHOJIOTMH YCHJICHHS KEIe300CTOHHBIX KOJOHH
yrnepoausivu  BosokHamu /A, C. Mononen // Hayka w texmmka. 2020. T. 19, Ne 5. C. 395-399.
https://doi.org/10.21122/ 2227-1031-2020-19-5-395-399.
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Technological aspects of reconstruction when reinforcing reinforced concrete structures with
composite materials

Yana Lysyuk, master
Hanna Shpakova, Doctor (Econ.), Professor of the Department of Building Technologies

Kyiv National University of Civil Engineering and Architecture (Kyiv)

During the reconstruction of buildings and structures, the most popular ways to strengthen
structures are to increase their cross-section by attaching new additional elements, the use of puffs
and trusses that form pre-stress in structures, the device of duplicating elements to redistribute the
load and, as a result, to unload structures.

Traditionally, to strengthen vertical elements - columns, additional structures are used: clips
(reinforced concrete or steel), double-sided or one-sided struts, and the like. However, such
solutions have a number of disadvantages: the internal geometry of the building decreases, the
weight of structures increases after reconstruction, etc. [one]. In such conditions, the scope of the
proposed projects will be limited. It should be noted and technological shortcomings associated
with the significant laboriousness of work in difficult cramped (limited in space) conditions with the
involvement of both expensive equipment and additional highly qualified specialists [2].

A more effective innovative method of reinforcing columns is a method of reinforcement
using a composite material - carbon fiber, since it is based on limiting the lateral deformation of the
element due to the high tensile strength of the fiber material. Unlike steel, which creates constant
radial pressure on the element being reinforced after plasticity has been achieved, carbon fiber
deforms elastically until fracture and gives an increasing passive radial pressure on concrete under
axial load (Fig. 1).
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Fig. 1. Comparative graph of deformation Fig. 2. Fragment of work on the
when reinforced with clips of different reinforcement of columns with

From the point of view of technological advantages, the following stand out: no need for
complex technical equipment (machines and mechanisms); the work does not require special
(narrow) qualifications, since in terms of the composition of technological operations they
correspond to the process of installing roll-on glued waterproofing (Fig. 2); have a wide range of
applications - there are no dimensional restrictions on the length of up to 250 m. All this, in turn,
leads to a decrease in the duration of work and simplification of the requirements for the material
and technical base and the number of qualifications of the performers.

1. 0.I. Valovoy. Efectuvni melody reconstrucii promuslovuch budivel ta ingenemuch sporud. Krivuy Rig 2003
y.st.5.

2. Molodid O. S. (2020) Experimental Research of Technology for Strengthening Reinforced Concrete Columns
with Carbon Fibers. Science andTechnique. 19 (5), 395-399. https://doi.org/10.21122/2227-1031-2020-19-5-395-
399 (in Russian).
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IlepcnekTHBY HAYKOBHX J0CTiIKeHb 3 MOK/JIHBOCTIO BUKOPHCTAaHHS Oimodity
1J1s1 OyaiBeJIbHUX MaTepiaJiB.

Hamania Kypaecvka, kano.mexmu.nayx, 0oyeHm Kagheopu oxopona npayi ma HaAKOIUUHbO2O0
cepedosuya.

Kuiscokuil nayionanonuil ynisepcumem oyoisnuymea ma apximexmypu, (m.Kuisg).

Crapinnst 1 OIONOIIKO/DKEHHSI MaTepiaiiB i KOHCTPYKIIH NpW ekcrutyaTaiii OyaiBens Ta
CIOpYA, B TOMY YHCII CIICiabHOTO MPH3HAYCHHS, MOXKE YCKIATHIOBATH Iepiof X BUKOPHCTAHHS,
ax g0 noBHOI 11 HemoxsmBocti [1]. Ile moB'si3aHe 3 KoOpo3si€o MarepiaiiB, Haifuacriie
GaraTopa3oBo 30imbLIyr0YM ii MBUAKICTH 1 CTYHiHb IOLIKOUKEHHA cHopyA. Bcei mi mpomecu
00’eHy€e Te, 1m0 OIOTMOIIKO/PKCHHSI BUHHKAIOTh K HACHIJOK €KOJIOTO-TEXHOJIOTTUYHHUX (DaKTOpIB,
TUIOBHUX ISl KOYKHOTO BOJHOTO CEPEIOBHIIA, B TOMY YHCII.

N e
N

B
Puc. 1. BioobpocranHs 6eTOHHHX MOBEPXOHb: A, b - BUaJieHHsI BEpXHBOTO 1iapy; B -
PO3TpPiCKYBaHHs 3a11300€TOHHOT TUIUTH

BrpaTtu Bix kopo3ii i OIOMOMIKOKEHHS 32 ACIKUMU JaHUMH TEPEBUIYIOTh JECATKH MIPI.
nonapis CIIA B pik [2], ciocobu 3axucty i 60poTbOM 3 HUMH aKTyalbHi 1ie 3 noyatky XX cr. B
el mepiox OyJIo pO3MOYATO IOUIYK 3aXHCTy MaTepiaiiB i CHPOBHHH, TEXHIYHHX HPHCTPOIB Ta
cropy Bix 6ioobpacranus. bopors0a 3 6i0MOIIKOHKEHHAME 00YMOBIIEHO: CKOPOYEHHSIM 3aracinB
IPUPOJHUX PECYPCiB; 3POCTAaHHSAM BHPOOHMITBA, CIIOKHMBAHHA PI3HUX MarepianiB i BUPOOIB,
3HIDKEHHSM 4Yacy (CTPOKIB) eKCILTyaTallii; HeOOXITHICTIO eKOHOMIT Ae(iUTHIX MaTepiaiB.

Meroto pobotH €: Kiacudikallis iCHyI0UMX METOJIIB 3aXHCTY Bijl O10MOLIKOIKEHb HANIPSIMY 3
BIIACTUBOCTSIMH 00’€KTy Ta HOr0 BUKOPHCTAHHS (TEXHIYHOTO MPU3HAUCHHSA), B[] IPUPOIH KUBOTO
oprati3my, BiJl eKOTOKCHKOJIOTTYHOT JIiT Ha 0101I€HO3H (CEJICKTHBHE BUKOPUCTAHHS 3aC00IB 3aXUCTY
B 3aJEKHOCTI BiJI TAKCOHOMIYHOTO MOJIOKEHHS BHUIY). Bynu BupimeHi 3amadvi: aHami3 aaHUX
HAYKOBO-TEXHIYHOI JIITEpaTypH, Jie HaHOLIbII IIMPOKO BUKOPHCTOBYIOTHCS METOM: MEXaHIYHHUI,
XiMigHU#; (izuko-xXimMiuauit, ¢isnunuid Tomio. Ilg kimacudikaiis yMOBHa, TOMY IO OiIBIIICTH
METOMIB 3aXUCTy BHUKOPUCTOBYIOThCA [UI DI3HHX TpyIn MarepiamiB. 3aco0H 3axuCTy Bif
6iooOpacTaHHs, Oiouuay, Pi3Hi, SIKi 3aCTOCOBYIOTH UL 3aXUCTY TEXHIYHMX MaTepianis (OyxiBenbHi
Matepianu, Macio-eMyJIbCiiiHI MaTepiaiu, KaHai3auiiiHi TpyOu TOI0) HEMOXKIIMBO 3aCTOCOBYBATH
IUISL 3aXUCTY BHYTPINIHBOI IOBEPXHI BOJONPOBITHUX TPyO, Yy KOXKHOMY BHUIAJKy NPH BHOOpL
METO/IiB 3aXHCTY BPaXOBYIOTh (Di3HKO-XiIMIUHI BJIACTHBOCTI MaTepiay, caM TeXHOJIOTIYHHHI TPOIIeC,
I 1ei MaTepial BUKOPHCTOBYIOTb.

VYV naboparopii yHiBepcuTeTy Oy BHUTOTOBJICHI AOCITIIHI 3pa3kd 3 OimopiTom, 3 SIKUMH
MPOBOIMBCS MOPIBHSUIBHUE aHaii3 B Jaboparopii IHcTuTyTy Mikpobiosnorii i Bipycororii im. K.
3abonotHoro HAH Vkpaimn. EkcrnepumeHT miaTBepAMB — e(EKTUBHICTh  BHKOPHCTAHHS
3aIIpONIOHOBAHOTO MaTepially, IMepcHeKTUBHICTh BUIPOOYBaHb MO 3aXUCTy MaTepialliB Ta CHOpY]
Biz OioNOIIKOMKEHb. B mogansmoMy 3amnaHoBaHO cepii €KCIEPUMEHTIB B IbOMY HAIPSIMKY.

1. ManankoB A.B. Buokopposus cuiaMkaTHbIX MatepuanoB / A.B. ManaHKOB // DKOJOTHS U TPOMBIIUICHHOE
pou3BoACcTBO, 2007, Ne 1. - 16-22 c.

2. Ycaue .H. Bopbba ¢ obpacrannem Ha snekrpocranimsx / N.H. Ycaues, A.P. SIky6enko. — ['mapoTexH. cTp-Bo,
2002, Ne 7. - ¢c. 16-21.
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Prospects for research with the possibility of using bischofite for building materials.

Natalia Zhuravska, Candidate of Technical Sciences, Associate Professor of the Department
of Labor Protection and Environment.

Kyiv National University of Civil Engineering and Architecture, (Kyiv, Ukraine).

Aging and biodamage of materials and structures during the operation of buildings and
structures, including special purposes, can complicate the period of their use, up to its complete
impossibility [1]. This is due to corrosion of materials, often increasing its speed and the degree of
damage to structures. All these processes are united by the fact that bio-damage occurs as a result of
environmental and technological factors typical of each aquatic environment, including.

C
Fig. 1. Biofouling of concrete surfaces: A, b - removal of the top layer; B - cracking of the reinforced
concrete slab

Losses from corrosion and biodamage according to some data exceed tens of billions of
Udollars a year [2], methods of protection and combating them are relevant since the early twentieth
century. During this period, the search for protection of materials and raw materials, technical
devices and structures from biofouling was started. Control of bio-damage is due to the following:
reduction of natural resources; growth of production and consumption of various materials and
products from them; reduction of time (terms) of operation of materials and technical products; the
need to save many scarce materials.

The aim of the work is: classification of existing methods of protection against bio damage
directly with the properties of the object and its use (technical purpose), from the nature of the
living organism, from eco toxicological action on biocenoses (selective use of protection depending
on the taxonomic position of the species). Tasks were solved for this purpose: analysis of data of
scientific and technical literature, where the following methods are most widely used: mechanical;
chemical; physico-chemical; physical, etc. This classification is conditional because most protection
methods are used for different groups of materials. Means of protection against biofouling, biocides,
various used to protect technical materials (building materials, oil-emulsion materials, sewer pipes,
etc.) cannot be used to protect the inner surface of water pipes, in each case when choosing
protection methods take into account the physicochemical properties of the material, the
technological process itself, where this material is used.

In the laboratory of the university were made prototypes with bischofite, with which a
comparative analysis was conducted in the laboratory of the Institute of Microbiology and Virology.
D.K. Zabolotny NAS of Ukraine. The experiment confirmed the effectiveness of the proposed
material, the viability of tests to protect materials and structures from bio-damage. A series of
experiments in this direction is planned in the future.

1. Manankov A.V. Byokorrozyia sylykatneikh materyalov / A.V. Manankov // Dkolohyia y promsishlennoe
proyzvodstvo, 2007, Ne 1. - 16-22 s.

2. Usachev Y.N. Borba s obrastanyem na slektrostantsyiakh / Y.N. Usachev, A.R. Yakubenko. — Hydrotekhn. str-
vo, 2002, Ne 7. -'s. 16-21.
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I'eone3auunuii MoHiTOpUHT Aedopmaniii KOHCTPYKIH OropoaKeHHsI KOTJOBaHY Ta
NMepPeKPUTTIB MPHU Po3podui KOTJI0BaHY MeTo10M «up down»

Muxaitno fAxosenko, acnipanm, kagpedpu ceoingopmamuru i pomozpammempii,
Kuiscokuii HayionanvHuil ynisepcumem 6yoienuymea i apximekmypu (m. Kuis).

Mera [OCH[UKEHHS — BH3HAYEHHS 3MIH TIEOMETPUYHHMX IapaMeTPiB KOHCTPYKIiH
OTOPOJKEHHS Ta TMEPEKPHUTTS KOTJIOBaHy IpU 3ab0pi IPyHTY MeTogoM up down Ha BiIMITKY
-11,800 m. TepmiH reoie3uuHOr0 MOHITOPUHTY TpHBaB 1 pik npotsrom 2018-2019 pokis.
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Puc.1 — Curyariiina cxema Puc. 2- I'pacik po3BUTKy B Puc. 3 - I'padix po3ButKy B
PpO3TallyBaHHS CHCTEMH 4aci BepTHKAIBHUX 4aci BeTMYUHH BEKTOpa
OTrOPOJUKYBAIBHUX KOHCTPYKIIi nepeMimens (miniomy) TOPH30HTAIBHUX 3MiIICHb

BumiproBaHHS IPOBOAMIKCS KIACHYHMMH METOJAMU MOHITOpHHTY Iedopmarmii, a came:
MOHITOPUHT BEPTUKAIBHUX IIE€PEMillleHb BUKOHYBABCS 3a JIOTIOMOTO F'€OMETPHYHOTO HiBEJFOBaHHS
II xnacy, MOHITOPUHI TOPH30HTAIBHUX HEPEMilleHb BUKOHYBABCS 3a JOIOMOTOI TPH IUTATUBHOL
nonnironometpii IV kiacy. IlepeBarn ta HeZOMIKM JaHUX METOJI IPUBEACHO Y IyOmiKamisx [1-2].
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Puc.4 — I3onons nedopmoBanoro  Puc. 5 — Emtopu ropusontansiaux  Puc. 6 — I'padiuna 3D mozens
CTaHy NEPEKPUTTs Ta 00B’A3yBaNbHOI MEpEeMillleHb 10 BiAOyIucs npu J1eopMOBAHOTO CTAHY
Oanku mijitomi HEPEKPUTTS Ta OaIKu

3a pesyabraTamMM HiBeJIIOBaHHSA Ha mpots3i 1 poky Oyio 3adikcoBaHO MiAHOM MEPEKPUTTS
1o 21 MM, migiiom 00B’A3yBanbHOI Oanku 1o 8 MM (puc.2). 3a pe3ynbTaTaMy HOOYIOBAHO 130iHIT
yepe3 1 MM (puc. 4). 3a pe3yibTaTaMu MOJIrOHOMETPil 3adikcoBaHO 10 27 MM TOPH3OHTAIBLHHX
nepeMilieHb, IepeMillleHHs 30CepeKEHHI ePEeBaXKHO B HAIPSIMKY KOTJIOBaHY (pHC. 5). OCHOBHHX
nedopMariif 3a3Hala IINTA IEPEKPUTTS MK [OKOIBHHUM Ta -1 moBepxoM. [lepekpurts mix -1 ta -4
3a3HAJIM MEHIIMX AedopMalliii, OCKIIbKY BIALITOBYBAIMCS 110 Mipi 3a00py IPYHTY.
3a3zHaueHi medopmarii HMOBIPHO BHKIMKAaHI CTPIMKHM pPO3BAHTQKCHHAM IPYHTY IIpU
ecKaBallii IPyHTY, 10 3HAXOJUBCS B KOTJIOBAH.
L. Yakovenko, M., & Nesterenko, E. (2019). Orusix BuAiB reoie3uHOro MOHITOpUHIY Aedopmaliii Oyaiseis i

criopys B CKJIa.I[HI/IX iHXEHEDHO-TeoNoTiuHNX yMoBax. CvyacHi mpodieMu ApxiTekTypu Ta MictoOymyBanHs, (55),

341-350. https:/doi.org/10.32347/2077-3455.2019.55.341-350
2. Yakovenko, M., & Nesterenko, E. (2020). AHaii3 MeTOiB T€OAE3MIHOrO MOHITOpUHTY nedopmariit
IHKEHEpHHX CIOpYJ Ta 3CYBHHX TIIDOIIECiB IDVHTOBHX MacuBiB. CvuacHi npoOneMu ApXIiTeKTYpH Ta

MicrobymyBanns, (56), 345-363. https://doi.org/10.32347/2077-3455.2020.56.345-363
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Geodetic monitoring of deformations of pit fence structures and floors during pit
development «up down» method

M. Yakovenko, PhD student Department of Geoinformatics and Photogrammetry
Kyiv National University of Construction and Architecture, Kyiv.

The purpose of the study is to determine the changes in the geometric parameters of the
structures of the fence and the floor of the pit during soil sampling by the method of "up down" at -
11,800 m. The term of geodetic monitoring lasted 1 year during 2018-2019.
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Fig.3 - Graph of development

Fig.1 — Situational diagram of the Fig.2 — Schedule of .2 .
. . S . in time of the magnitude of the
location of the system of enclosing ~ development in time of vertical .
. vector of horizontal
structures movements (rise)

displacements

Measurements were performed by classical methods of deformation monitoring, namely:
monitoring of vertical displacements was performed using geometric leveling of class II,
monitoring of horizontal displacements was performed using three-post polygonometry of IV class.
The advantages and disadvantages of this method are glven in pubhcatlons [1-2].

v
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Fig.5 - Cu:rve of horizontal ~ Fig. 6 — Graphic 3D model of the
movements that occurred during deformed state of the floor and
lifting beams

Fig.4 — Isopoly of the deformed state
of the floor and the binding beam

According to the results of leveling for 1 year, the rise of the floor to 21 mm, the rise of the
binding beam to 8 mm was recorded (Fig. 2). According to the results, isolines of 1 mm were
constructed (Fig. 4). According to the results of polygonometry, up to 27 mm of horizontal
displacements were recorded, the displacements are concentrated mainly in the direction of the pit
(Fig. 5). The main deformations were recorded on the floor slab between the basement and -1 floor.
The floor between -1 and -4 underwent less deformation, as they were arranged as the soil was
taken.

These deformations are probably caused by the rapid unloading of the soil during the
excavation of the soil in the pit.

1. Yakovenko, M., & Nesterenko, E. (2019). Review of types of geodesic monitoring of deformations of buildings
and structures under difficult engineering-geological conditions. Current Problems of Architecture and Urban
Planning, (55), 341-350. https://doi.org/10.32347/2077-3455.2019.55.341-350
2. Yakovenko, M., & Nesterenko, E. (2020). Analysis of methods of geodetic monitoring of deformations of
engineering structures and landslide processes of soil mass. Current Problems of Architecture and Urban
Planning, (56), 345-363. https://doi.org/10.32347/2077-3455.2020.56.345-363
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AcnexTH ynpasJiiHHs 3MiHaMu Npu peastizanii 6ioMmiMeTHuHHX OyaiBeJILHUX MPOEKTIB

Anopin Illnakos, kano. mexu. HayK, O0yeHm Kagpheopu meneddcmenmy 6 0yOigHuYymei
T'anna lllnakosa, 0okmop. eKoHOM. HayK, npoghecop Kageopu 6yOieenbHUX MexHon0eill

Kuiscokuil nayionanenuil ynisepcumem 6yoienuymea i apximexmypu (m. Kuisg)

BiomiMmikpisi — Le TepMiH, KU BBeJa 10 iH)KEHEPHOTo JIeKcUKOoHy JIkaHiH beHioc y cBoiit
kHI31 «bioMiMikpist — iHHOBaNil, HATXHEHHI IPUPOJOIO». B apXiTekTypi BiH 03HAaYa€ HaCIIiTyBaHHS
JKUBMX OpraHi3MiB JUIs BHUPILICHHS TpoOJIeM TPOEKTYBaHHS Ta OyjaiBHUITBA. [IpukiagHa
OioMiMikpis Moxe OyTH BHKOPHCTaHA B HAIPSMKY IMiTalil mpUpoAHHX (OpM [UIi CTBOPCHHS
JIETKMX KOHCTPYKLIiM, iMiTalis Marepianamu mponeciB (GOTOCHHTE3y Ul 3aXOIUICHHS COHSYHOT
eHeprii Ta CTBOpeHHs OyJiBEJIbHUX CHCTEM, SIKi IMITYIOTh IOMEOCTa3 B OpraHi3Max — JIMXarodi
OyIiBeNbHI CTiHI, IO PETYJIIOI0TH MapaMeTPH BHYTPIIIHBOTO cepeoBuia Oyminii [1].

HaiisickpaBinmmmu npukiiagamMu OiomiMeTnuHUX criopyn € xpam Carpaga @amimis A.Taymi
(puc. 1), Opuranceka Mepis «xophimon» H.Docrepa (puc. 2), Teatp Ecmmanaga DP Architects
(puc. 3), Aki cBoiMH HEe3BHYHMMH (OpPMAMH Ta eKCILTyaTaliifHUMM BIACTUBOCTSMHU 3aBIAYYIOTh
MIPUPOJTHUM MIPOTOTHUIIAM — JIiCY, OTIpKY Ta JypiaHy.

Puc. 2. XMapoqoc
Mepi-Exc B
JlonnoHi.

Puc. 1. Xpam Casitoro
Cimeiicta B bapceioHi.

Puc. 3. Teatp Ecrmanana 8 Cinramypi.

Hemae cymHiBIB, 10 Taki 00’€KTH € TYPUCTUYHOIO MPUHANOI0 OyIb-SKOTO MICTa, MPOTE
peaiizaiisi MPOEKTIB TAaKOTo Kiacy IIOB’si3aHa 3 HU3KOIO CKIagHOCTell. B mepmry uepry te
MaTeMaTUYHe MOJEJIIOBAHHS Ha €Talli apXiTeKTYPHOrO IIPOEKTYBaHHs, SIKe CIPSIMOBaHE Ha
0araroBapiaHTHICTh IOYATKOBUX pimeHb. Ilo-mpyre, po3poOka IMPOBHX MomeNeH, sKi
BPaxoBYIOTb BILIHB SIK OKpEeMHX (AKTOPiB, TaK i iX rpym, GpyHKLIOHAIBHUIT i TPUPOTHO-KITIMATHYHI
LUK JUTs OKpeMoi OyaiBii abo (parMeHTa mpoCTOPOBOrO CEPEIOBUIIA, 10 MOXKYTh BUKOPHCTATH
3HaYHy YaCTHHY Yacy Ta pecypciB, BUAUICHHX I peaiizauii Bcboro npoexty. Ilo-Tpete, 3BeAeHH
YHIKaIbHUX 00’€KTiB Haluyacrime noTpedye # yHIKaIpHMX TexHosorid. @akTuyHO B
IHBECTHIIfHOMY IIPOEKTI BEChb 4Yac BPaXOBYETbCS 30UIBLIYIOUMI «KOE(ILIEHT YHIKATBHOCTI».
banmanc MiK TIepCHEKTHBHOIO NPUBAOIUBICTIO Ta MOYATKOBHMH ()iHAHCOBHMM BHTpaTaMH Is
JIEBEJIONEPChKOI KOMIaHII MojsraTiMe B iTepauii eKCIUTyaTaliffHMX BHUTpaT A0 MiHIMalIbHHX
MI03HAYOK, 30KPEMa 32 PaXyHOK 3aCTOCYBAaHHS Pi3HHX 010MIMETHYHHX TEXHOJIOTIH B IIPOEKTYBAHHI,
3BEJICHHI Ta eKcIutyarauii OyaiBens i cnopyn [2].

B nisnpHOCTI JEeBENONEPCHKUX KOMIAHIM KIIOYOBHM AaCHEKTOM IX PO3BHUTKY, 4 1HKOMH 1
BIDKMBAHHS, CTa€ BIPOBAKEHHs CTparterii ajanramii o iMIIepaTHBIB CTalOro pO3BHTKY,
CHPSIMOBAHOI Ha CKJIAJHI Ta KOMIUICKCHI MpOIecH (OpMyBaHHS HOBHUX KOMIIETEHTHOCTEH B yCiX
3aJy4eHHX 0 MPOCKTY YYaCHHKIB, (JOPMYBAHHS CHCTEM OLIHKH CKOJIOTO-€KOHOMIYHHUX e(eKTiB
HOBHX Oy/IiBEe/IbHUX TEXHOJIOTIH MIPOTArOM BCHOTO KUTTEBOIO LIUKILY JEBEIONEPCHKOrO MPOCKTY.

1. C.O. Aigbavboa, O.A. Oguntona. Promoting biomimetic materials for a sustainable construction industry (2016).
Bioinspired Biomimetic and Nanobiomaterials, 6(3):1-1. DOI: 10.1680/jbibn.16.00014.
2. T. B. Inakosa. Exonoro-exoHoMiuHuMii MexaHizM po3BuTKy 6iocdepocymicHoro OyaiBuuITBa B YKpaiHi: Teopis,
MeToaoJoris, pakTuka: Monorpadis — K. : BugaBanumii 1im «AptEk», 2019. — 340 c.
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Aspects of change management in the implementation of biomimetic construction projects

A. Shpakov, Candidate of Sciences (Techn.), Associate Professor of the Department of
Management in Construction
H. Shpakova, Doctor (Econ.), Professor of the Department of Building Technologies

Kyiv National University of Civil Engineering and Architecture (Kyiv)

Biomimicry is a term coined into the engineering lexicon by Janine Benus in her book
«Biomimicry — innovation inspired by nature». In architecture, it means imitating living organisms
to solve design and construction problems. Applied biomimicry can be used to simulate natural
forms to create lightweight structures, imitate photosynthesis processes with materials to capture
solar energy and create building systems that simulate homeostasis in organisms — breathing
building walls that regulate the parameters of the internal environment of a building [1].

The most striking examples of biomimetic structures are the Sagrada Familia A. Gaudi (Fig.
1), the British City Hall «Gherkin» N. Foster (Fig. 2), the Esplanade DP Architects (Fig. 3), which
owe their unusual shapes and performance properties natural prototypes — forest, cucumber and
durian.

Fig. 2. Syscraper -
Mary Axe in Fig. 3. Theater Esplanade in Singapore.
London.

Fig. 1. Temple of the Sagrada
Familia in Barcelona.

There is no doubt that such objects are tourist attractions of any city, however, the
implementation of projects of this class is associated with a number of difficulties. First of all, this
is mathematical modeling at the stage of architectural design, which is aimed at the multivariance of
initial solutions. Secondly, the development of digital models that take into account the influence of
both individual factors and their groups, functional and natural-climatic cycles for a separate
building or a fragment of the spatial environment, which can use a significant part of the time and
resources allocated for the implementation of the entire project. Thirdly, the construction of unique
facilities often requires unique technologies. In fact, an increasing "uniqueness coefficient" is
always taken into account in an investment project. The balance between promising attractiveness
and initial financial costs for a development company will be to iterate operating costs to minimum
levels, in particular through the use of various biomimetic technologies in the design, construction
and operation of buildings and structures [2].

In the activities of development companies, a key aspect of their development, and sometimes
survival, is the introduction of an adaptation strategy to the imperatives of sustainable development,
aimed at complex and complex processes of forming new competencies among all participants
involved in the project, the formation of systems for assessing the environmental and economic
effects of new construction technologies in throughout the life cycle of a development project.

1. C.O. Aigbavboa, O.A. Oguntona. Promoting biomimetic materials for a sustainable construction industry (2016).
Bioinspired Biomimetic and Nanobiomaterials, 6(3):1-1. DOI: 10.1680/jbibn.16.00014.

2. H. V. Shpakova. Ekologo-ekonomichnij mekhanizm rozvitku biosferosumisnogo budivnicztva v Ukrayini:
teoriya, metodologiya, praktika: Monografi'ya — K. : Vidavnichij dim «ArtEk», 2019. — 340 s.
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BpaxyBanHus peajbHux Jedopmauiii pyH1aMeHTHUX KOHCTPYKIiH BUCOTHOTO Oy IMHKY NPH
YHCJIOBOMY MO/IeJIIOBAHHI HOT0 B3a€EMO/Iii 3 TPYHTOBOIO 0CHOBOIO

Bixmop Hocenko, xano.mexu.nayk, 0oyenm Kagheopu eeomexnixu
Ocman Kawoioa, acnipanm xagheopu ceomexuiku

Kuiscoruil nayionanenuil ynisepcumem 6yoienuymea i apximexmypu (m. Kuis)

Merta AOCHIJDKEHHST — MOJIENIIOBAHHS 3MIHM HAlpyKeHO-Ie()OPMOBAHOIO CTAHy CHCTEMH
«OCHOBa — (pyHHAaMEHTH — HaJ3eMHI KOHCTPYKLi{» B mpomeci OymiBHHNTBA NpU BpaxXyBaHHI
peanbHuX jaedopmaniii GyHIAMEHTHUX KOHCTPYKINA. 3arajJbHUN BUTIISL PO3PaXyHKOBOI MOJIENI i
nedopmarii pocTBepky HaBe[eHO Ha puc. 1 Ta 2.

Puc. 1 — 3aranbuuit Burisjg Puc. 2 — [leopmoBaHa mimra pocTBEpKy
PO3paxyHKOBOI MoJIelt

JlocmimKeHHs BUKOHAHO HA INPUKJIAJI PEAIBHOTO 00’€KTY: MOHOJITHO-KapKacHOro 25-TH
[IOBEPXOBOI'0 JKUTIOBOr0 OyAMHKY B M. KueBi, 1110 3alpOEKTOBAHO Ha MaJbOBOMY (DYHAAMEHTI i3
OypoiH’exIiiHMX manb JiamMerpoM 820MM Ta JOBXKHHOK 21M, siki 00’€JHaHI MOHOJITHHUM
3aJ1i300€TOHHHUM POCTBEPKOM BUCOTOK IM. [pyHTH OCHOBHM — aitoBiaibHi mickd. PospaxyHkoBa
MOJIeIb BKJIIOYa€E B ceOe (DI3UUHO-HENIHIMHI eJIEeMEeHTH 3ai300eTOHHUX KOHCTPYKIIH Ta MpysKHI
00’€MHI CKIHYECHHI €JIEMEHTH IKHMH MOJIEIIOETHCS OCHOBA.

OCHOBHMI aKIEHT [JOCHI/DKEHHs HPUCBAYCHUH BpaxyBaHHIO pealbHUX Jedopmarii
(yHIaMEHTHOI IUIMTH, O OyJIH 3aMipsiHi TOYHUMHU T€OJC3MYHUMU METOAaMH Ta iJeHTH(]IKarii
PO3paxyHKOBUX IapaMETpiB IPYHTOBOTO CEPEIOBHIIA, 100 NPH 3aJaHOMY pIBHI HaBaHTAKCHb
Ppo3paxyHKoBi nedopmariii HabIMKYBAIHCS 0 pealbHO BU3HAYCHHX.

J171st OLIIHKY JOCTaTHOCTI apMyBaHHS OyJIO 3aCTOCOBAHO CKIHYEHHI €IIEMEHTH, L0 ONUCYIOThH
npouec (i3uuHO-HelNiHIiHOrO nedopMyBaHHs 3a1i300€TOHY Ta BPaxOBAaHO pealbHE apMyBaHHS
KOHCTPYKI[if 3 BHKOPHCTAaHHAM IHCTpYMEHTapifo THIH 3amaHoro apmyBaHHI (T3A), mo
peanizoBani B IIK «Jlipa-CAIIP». Haii6inbii gedopmariii pocTBEpKy CIIOCTEPIrajkch y Cepeaniit
yacTHHI (B MeXax sijiep MKOPCTKOCTi) 1 ckiaagamu Onmspko 50...57vMm. HaOmwkarouucs 10 KpaiB
(mepucepii) nedpopmanii smennryBammcs 10 30...37MM.

Takuit minxig [03BOJIAE MPOEKTYBAIBHUKY IPOrHO3YBAaTH pPOOOTY KOHCTPYKLIH i3
ypaxyBaHHSAM IIOSBH TPIIIUH, iX MIHOMHH, IIUPHHHE PO3KPUTTS Ta BiACTaHI MiXK HUMH, IO B CBOIO
4epry 103BoJisie e(eKTHBHO MiTi0OpaTn apMyBaHHS KOHCTPYKIT.

1. Hocenko B.C., Kamoima O.0. YwucrnoBe MOIENIOBaHHS HaNpyXKeHO-Ie()OPMOBAHOTO CTaHy MalbOBOTO
(dyngamenty OyIMHKY 3 BUKOPHCTaHHSM Pi3sHHX Mojeneil rpynrtosoi ocuou / B.C. Hocenko, O.0. Kamoina //
HayxoBo-Texniunuii 36ipuuk «OcHoBu Ta pyHnamentn» KHYBA. —2019. — Bum. 38. — C. 34-43.

2. Toponenxuit A.C. Komnbiotepusie Mozeny konctpykuuii / A.C. Toponeukuii, U. JI. EBsepos//Kuis: ®AKT —
2007 - 392c.

59



Taking into account the real deformations of the foundation structures of a high-rise building
in the numerical modeling of its interaction with the base

V. Nosenko, Candidate of Technical Sciences, Associate Professor of the Department of
Geotechnics
0. Kashoida, PhD student, Department of Geotechnics

Kyiv National University of Construction and Architecture (Kyiv)

The purpose of the research is to simulate the change in the stress-strain state of the system
"base - foundation - superstructures" during the construction process, taking into account the real
deformations of the foundation structures. The general view of the design model and the
deformation of the raft are shown in Fig. 1 and Fig. 2.

Fig. 1 - General view of the
design model

Fig. 2 - The raft plate is deformed

The research was carried out on the example of a real object: a monolithic-frame 25-storey
building in Kyiv, which is designed on a pile foundation with bored piles with a diameter of 820mm
and a length of 21m, united by a monolithic reinforced concrete raft 1m high. Base soils are alluvial
sands. The design model includes physically nonlinear elements of reinforced concrete structures
and elastic volumetric finite elements with which the base is modeled.

The main focus of the research is devoted to taking into account the real deformations of the
foundation slab, which were measured by accurate geodetic methods and identifying the calculated
parameters of the soil environment, so that, at a given level of loads, the calculated deformations
approach the actually determined ones.

To assess the sufficiency of reinforcement, finite elements were used that describe the
process of physically nonlinear deformation of reinforced concrete and the real reinforcement of
structures was taken into account using tools such as a types of specific reinforcement, implemented
in the Lira-SAPR software package. The greatest deformations of the raft were observed in the
middle part (within the stiffness cores) and amounted to about 50...57 mm. Approaching the corner
(periphery), the deformations decreased to 30...37 mm.

This approach allows the designer to predict the operation of structures, taking into account
the appearance of cracks, their depth, opening width and the distance between them, which in turn
makes it possible to effectively select the reinforcement of the structure.

1. Nosenko V.S., Kashoida A.A. Chyslove modeliuvannia napruzheno-deformovanoho stanu palovoho fundamentu
budynku z vykorystanniam riznykh modelei gruntovoi osnovy/ V.S. Nosenko, A.A. Kashoida // Scientific and
technical journal "Bases and foundations" of KNUCA. - 2019. - Issue. 38 .-- S. 34-43.

2. Gorodetsky A.S. Kompiuterni modeli konsturktsii / A.S. Gorodetsky, I. D. Evzerov // Kyiv: FACT - 2007 - 392p.

60



3miHa HaNpy:KeHb Y 32/1i300eTOHHUX (YyHIAMEHTAaX 3¢PHOCYIIUIBHUX KOMILIEKCIB NpH
BpaxyBaHHi mapameTpiB IPYHTIB

Bacuns Iionyuskuii, kand.mexu.nayk, 0oyenm kagheopu eeomexHiku
Onexcandp Jlumeun, acucmenm xageopu 2eomexHiku

Kuiscokuil nayionansHuil ynieepcumem oyoienuymea i apximexmypu (m. Kuis)

Mera nociipkeHHs: — nqocnianta GpopmyBanHs HanpyxkeHo-nedopmosanoro crany (HIAC) y
(YHIAMEHTHHX KOHCTPYKILISX 3€PHOCYIIMIBHUX KOMIUICKCIB IIPHM 3MiHI IIapaMeTpiB IPYHTIB 3a
JIOTIOMOT'O}0 YHCJIOBOTO MOJICITFOBAHHSL.

JlocmimKeHHS BHKOHAHO Ha MPHUKIALl PEAIbHOrO 00’€KTy: METaleBUH 3€pHOCYIIMIBHUH
komrIuieke (cunoc) aiamerpom 22,0 M ta Baroro 600 kH, sikuii BMitnye 3epro Baroto 10 50 000 kH.
Jns cTBOpeHHsT yMOB 30epiraHHs 3epHa mependaueHo aepoAHuIle TOBIMHOIO 500 MM 3
BEHTHWIALIMHUMH KaHaJIaMU I 1ofadi noBiTps. [y 06cIyroByBaHHS CHIIOCY Ta PO3BaHTAKEHHS
3epHa MPOEKTOM Iepea0aYeHo M0 LEHTPY CHIIOCY rajiepero BUCOTOK 1,8 M Ta mmpuHOBO 1,6 M.
OyHIaMeHTOM U JaHOTO CHIIOCY OOpaHo 3ali300eTOHHY (YHIAMEHTHY IUIMTY TOBIIHHOIO
500 MM Ha manboBoMy (yHIaMeHTi. [Tani BUKOHAHO 3a OypOiH’ €KI[IHOI TEXHOJIOTIEI0 AiaMeTpOM
620 MM n0Bx)HHOIO 8,0 M; KiNbKicTh mask 180 wit. [pyHTH JIAHKY TOCTIKEHHS: TTIMHKUCTI IPYHTH
TBepAOi Ta HAIMIBTBEPAOi KOHCHUCTEHIIi JiecornoiOHi, mpocigaiodi. B OCHOBI manb 3ajiaraioTh
cymicku TBepai. Po3paxyHkoBa Mojienib BKIIOYAaE B cebe BCi €IEMEHTH CHIIOCY Ta (YHIaMEHTIB,
HAaBaHTAXXCHHS BiJl CHJIOCY IPHKIAJCHE SK JIHIHHO-PO3HNOALICHE 10 IEePUMETpY, a Bil 3epHA - K
piBHOMipHO-po3noniieHe. ['pyHTOBa OCHOBa 3agaBajiacsi sK CyLUIbHE OarolapoBe 00°eMHE
CepeIOBHILE.

3araybHUN BUTIISL 3€PHOCYIIMIBHAX KOMIUICKCIB Ta 1X (yHIaMeHTIB HaBeJeHO Ha puc. 1 Ta
puc. 2 BiIOBIAHO.

lasepes
N

Dyndanenma
nauma

Tasi

Puc. 1 — 3aranbHuit BUIIs 36pHOCY IMIBHUX Puc. 2 — 3aranbhuii B GyHIaMEHTIB
KOMILIEKCIB 3€PHOCYILHIBHOTO KOMILIEKCY

PesynbraT po3paxyHKiB IOKa3ajid, 110 IPH BpaxyBaHHI PI3HUX IapaMeTpiB PYHTIB, SIKi
OTpUMaHi Ha OCHOBI Ja0OpaTOPHHX Ta TIIOJBOBUX JOCIIKEHb (30HIYBAHHSIM), OJCpPIKAHO
npuniunoso pizHi HJC y ¢ynnameHTHIN miuTi. ApMyBaHHS HIDKHBOI 30HH TUIMTH BIIPI3HSIIOCS
BIBi4i: mpu Moxyni medopmarii IpyHTY ocHoBH 18 MIla (1abopaTopHuif METOX BU3HAUCHHS) —
nioma apmarypu cranouna 18...20 cM?, a npu moxmyni gedopmanii 32 MITa (3a nanumu
30H/IyBaHH) — IIOIIA ApMaTypu cTaHoBuaa 7,2...9,8 cv?. TlepeMillieHHs IIHTH IPU IIOMY CKIATH
BigmoBigHo 45...50 MM Ta  16...22 mM. KoHcrpykmisi ranepei crpargoBana sk ¢pepma (Oanmka
Bipenyens): HA3 pO3TATHEHHUH TOSIC, BEPX CTUCHYTHH.

1. bapronomeii A.A. TIporHo3 ocanok cBaiiHbIX (GyHIameHTOB [mox pea. A.A. Bapronomes] / A.A.Bapronomeii,
N.M.Owmenbuak, b.C.JOumxkoB. — M.: Crpoituzaar, 1994. — 384 c.
2. Boiiko LII. OcoGmuBocti B3aemofii manpoBHX (YHZAMEHTIB IMiJ BHCOTHHMH OyAMHKaMH 3 iX OCHOBOIO /

LILBoiiko // OcnoBu i ¢pynaamentu: Mixsizomunii HaykoBo-TexHiunumii 36ipuuk. — K.: KHYBA. —2006. — Bum. 30.
—C. 3-8c.
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Change stresses in reinforced concrete foundations grain drying systems taking into account
parameters of soils

V. Pidlutskyi, Candidate of Technical Sciences, Associate Professor of the Department of
Geotechnics
0. Lytvyn, assistant of the Department of Geotechnics

Kyiv National University of Construction and Architecture (Kyiv)

The purpose of the study - to investigate the formation of stress-strain state (SSS) in the
foundation structures of grain dryers when changing soil parameters using numerical simulations.

The research was performed on the example of a real object: a metal grain drying complex
(silo) with a diameter of 22.0 m and a weight of 600 kN, which contains grain weighing up to
50,000 kN. To create conditions for grain storage, an airfield 500 mm thick with ventilation ducts
for air supply is provided. For the maintenance of the silo and unloading of grain, the project
envisages a gallery 1.8 m high and 1.6 m wide in the center of the silo. The foundation for this silo
is a reinforced concrete foundation slab 500 mm thick on a pile foundation. Piles are made by
drilling injection technology with a diameter of 620 mm and a length of 8.0 m; number of piles 180
pes. Soils of the study area: clay soils of solid and semi-solid consistency are subsidence. At the
base of the piles are solid sandstones. The design model includes all elements of silage and
foundations, the load from the silage is applied as linearly distributed around the perimeter, and
from the grain - as evenly distributed. The soil base was defined as a continuous three-layer
volumetric medium.

The general view of grain drying complexes and their foundations is shown in Fig. 1 and
Fig. 2 respectively.
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Fig. 1 — General view of grain drying Fig. 2 — General view of the foundations of the grain
complexes drying complex

The results of calculations showed that taking into account the different parameters of soils,
which were obtained on the basis of laboratory and field studies (probing), fundamentally different
SSS was obtained in the foundation slab. Reinforcement of the lower zone of the slab differed
twice: with the module of soil deformation of the base 18 MPa (laboratory method of
determination) - the area of reinforcement was 18... 20 cm?, and with the module of deformation 32
MPa (according to probing) - the area of reinforcement was 7.2... 9.8 cm®. The displacement of the
plate was 45... 50 mm and 16... 22 mm, respectively. The design of the gallery worked as a farm
(Virendel beam): the bottom is stretched belt, the top is compressed

1. Bartolomey A.A., Omelchak .M., Yushkov B.S. (1994). Prognoz osadok svaynykh fundamentov [Forecast
sediment pile foundation]. Moskva: Strojizdat, 384.

2. Boyko L.P. (2006). Osoblyvosti vzaiemodii palovykh fundamentiv pid vysotnymy budynkamy z yikh osnovoiu
[Features of the interaction of pile foundations under high-rise buildings with their foundation]. Osnovu i
fundamenty: Mizhvidomchyj naukovo-tekhnichnyj zbirnyk. Kyiv: KNUBA, 30, 3-8.
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Hanpy:xeno-nedpopmoBanuii cTan Hecy4yux KOHCTPYKUii merasiHoi 0yaiBai 3
cTanediopodeTOHHUMH MINTAMH NEPEeKPUTTS

Onez Cropyk, acucmenm kagheopu 3ani300emoHHUX i Kam SHHUX KOHCMPYKYIi

Kuiscoruil Hayionanvhuil ynisepcumem 6yoienuymea i apximexkmypu (m. Kuis)

3aj1aui, 110 BUPIIIYBAJINCS B MPOLIECI BAKOHAHHS YHCEIILHOTO JOCIIIKECHHS
1. IToOyoBa CKiHUEHO-eIeMEHTHOT MOJIel Oy aiBIi.
2. 30ip cTaTHYHHUX HABAaHTAXKEHb Ta HABAHTAXKEHD B/l MaCH 00JIaIHAHHS.
3. CratnuHuil pO3paxyHOK CKIHYEHO-eJIeMEHTHOI MOJIelli Bijl BJIacCHOI BarM KOHCTPYKLIH Ta mMacu
BITAIITOBAHOTO OOJIAHAHHS HA TIEPEKPHUTTSX.
4. BHCHOBKH 1010 HECYUOi 3/IaTHOCTI €JIEMEHTIB Oy IiBIi.

IloOynoBa ckiHueHO-eeMeHTHOT MoJiesti Oy/1iBJIi BUKOHAHA B O0OYHCIIIOBAIBHOMY KOMILIEKCI
Scad Office. Crinu Ta maut nepekputts 3monenboBani 44 Tunom CE "4-kyTHOIO 000J10HKOHO",
6anku - 5-um tunom CE " npocropoBumu crepxuem". PoboTa rpyHTOBOT OCHOBH alipOKCMMOBaHA
3a JJOIIOMOT'00 KOe(II[IEHTIB MacTeli AJsl CTEPIKHEBOTO eJIEMEHTa, O0YHMCICHUX Ha OCHOBI HaJIaHUX
pe3yIbTaTiB iHKEHEPHO-TEOIOTIYHHX BHIIYKYBAHb.

|
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Puc. 1. Po3noain Hanpy»eHb B LETITHAX CTIHAX BiJ Puc. 2. Po3paxyHKOBI 3HaU€HHS BEPTHKAIBHUX
CyMapHOI A1ii CTaTUYHUX HABaHTaXXKEHb nepeMilieHb By3iiB Oy aiBii

3a pe3yJbTaToM CTAaTHYHOTO PO3paxyHKy OOYMCICHI 3HAYCHHS HANpYXKEeHb B IETVITHUX
criHax Oynimi (puc. 1), Oaskax MEPEeKPUTTS] Ta MOKPHUTTS, 1€ MOXHA 3pOOMTH BUCHOBOK, IO
TpaHUYHI 3HA4YCHHS HANPY)KCHb B MEINSIHUX CTiHaX CTanediOpoOCTOHHUX IEPeKpUTTS He
NIePEBHUIIYIOTh HOPMATHBHO JOIMyCTHMi. PO3paxyHKOBI IepeMillleHHs Texk HepeOyBaroTh B MEKax
JOIYCTUMHMX 3HA4YeHb (puc. 2).

1. Ckopyk O.M. JlocmijykeHHS AWHAMIYHOTO BIUIMBY BiJi TEXHOJOTIYHOrO OONagHaHHS Ha poOOTYy
craneibpoderonnux Mt nepekpurts // byaiBensni koncrpykuii. Teopis i npaktuka. Bum. 7 (2020) — c. 121 —
128. DOI: 10.32347/2522-4182.7.2020.121-128

2. Cxopyk O.M., Yopumii L.B., Tarapuenko I'.O. IIporuun TOHKMX cTanediOpOOCTOHHUX IUIUT ONEPTHX IO
koHTypy. Haykosi Bicti J{aniBchkoro yHiBepcurety Ne 12, 2017.

3. Cxopyk O.M.  JlekopatuBHicTh cTaneiOpOOETOHHMX IUIMT ONEPTUX 10 KOHTYPY IIPH IOBTOPHUX
HaBaHTaKkeHHsX. [1igBoaui TexHomorii Ne 1, 2015.
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Stress-strain state of load-bearing structures of a brick building
with reinforced concrete slabs

O.Skoruk, assistant, Department of Reinforced Concrete and Stone Structures
Kyiv National University of Civil Engineering and Architecture

Problems to be solved in the process of performing a numerical study

1. Construction of a finite-element model of the building.

2. Collection of static loads and loads from the mass of equipment.

3. Static calculation of the finite element model from the own weight of structures and the

mass of the arranged equipment on the floors.

4. Conclusions on the load-bearing capacity of building elements.

The construction of a finite element model of the building is made in the Scad Office
computer system. Walls and slabs of floors are modeled by 44 types of CE "quadrangular shell",
beams - by the 5th type of CE "spatial rod". The work of the soil base is approximated by pastel
coefficients for the rod element, calculated on the basis of the provided results of engineering and
geological surveys.

X
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= 92087 -85.669 66,506 60118 - 40,955 -34.567 u = g :iz& - ;6 Zé :‘i ﬁ: ; ?gs jg 23 =
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Fig. 1. Stress distribution in brick walls from the Fig. 2. Estimated values of vertical displacements of
total action of static loads building components

As a result of static calculation, the values of stresses in the brick walls of the building (Fig.
1), beams and floors, where we can conclude that the limit values of stresses in the brick walls of
reinforced concrete floors do not exceed the norm. The calculated displacements are also within the
allowable values (Fig. 2).

1. Skoruk O.M. Doslidzhennia dynamichnoho vplyvu vid tekhnolohichnoho obladnannia na robotu
stalefibrobetonnykh plyt perekryttia // Budivelni konstruktsii. Teoriia i praktyka. Vyp. 7 (2020) —s. 121 — 128. DOI:
10.32347/2522-4182.7.2020.121-128

2. Skoruk O.M., Chornyi 1.V., Tatarchenko H.O. Prohyny tonkykh stalefibrobetonnykh plyt opertykh po konturu.
Naukovi visti Dalivskoho universytetu Ne 12, 2017.

3. Skoruk O.M. Dekoratyvnist stalefibrobetonnykh plyt opertykh po konturu pry povtornykh navantazhenniakh.
Pidvodni tekhnolohii Ne 1, 2015.
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IoJsio:kuCTi PKH 3 KJIEEHOI JepeBHHU apMOBaHi KOMIIO3UTHHUMH CTPiYKaMuU

Jenuc Muxaiinoscekuii, 0.m.H., npoghecop Kagedpu Mmemanesux ma Oepes sHUX
KOHCMpYKYitl
Temsana Cxknaposa, acucmenm kagheopu memanesux ma oepes ssHux KOHCMpYKyiil

Kuiscokuii hayionanwshiil ynisepcumem 0yoisHuymea i apximexmypu

OcHOBHUMHU TIpoOieMaMu OyiBenb 3 HECYYMMU KOHCTPYKIISMH y BHIJIAAI apOK 3 KJICEHOL
JIEPEBUHH € MAaCHBHICTH IOIEPEYHOTO Iepepidy Il HOBHX OO0 €KTIB Ta IIOJOBXKEHHS TEpMIiHY
HOPMAJIBHOT eKCIUTyartauii uig BKe ICHyo4MX. L{i HemoJiKM MOMIJIMBO YCYHYTH HIIIXOM
MICHICHHS 1X OKpEeMHX YacTHH. ICHye Ge3miu cmocoOiB IMiICHICHHS OepeB’sHHX KOHCTPYKIIH,
OJHaK Maibke BCi BOHH CyTTEBO BIUIMBAIOTH Ha X 30BHIIIHIN BUIJIAA. BUpilIeHHS JaHOTO MUTAHHS
Ma€e CyTTEBE 3HAUCHHSI, a/DKC BEIUKOMPOIbOTHI KOHCTPYKIIii, B OCHOBHOMY, BUKOPUCTOBYIOTHCS B
apXITEKTypHO BHPA3HUX CIIOPYIaX.

MeTo10 JOCIHIKEHb € MOXKIIMBICTD ITiJICUIICHHS BY3JIB 1 €I€MEHTIB JIepeB’STHUX KOHCTPYKIIiH
LUISIXOM HAKJICIOBAHHS B MPOOJEMHHX JUISHKAX (B 30HAX MOSBH TPIIIUH Ta/a00 MOXKIHBOI MOSBH
MaKCHMaJIbHUX CKOJIFOIOYMX Ta HOPMAJIbHHUX HAIPY)KCHb MONEPEK BOJOKOH) MOB3I0OBXKHIX CTPIYOK
3 MOJIMEpIB MiJICHICHUX BYIJICLEBUMH BOJOKHaMHU (auB. puc. 1). JlomaTKOBO 10 HAKJICIOBAHHSI
MOB3JIOBXKHIX CTPIYOK, Yy BHIIQJKYy HEOOXIAHOCTI 3a CHELiaIbHAM pPO3PaxXyHKOM, MOXKHA
BHUKOPHCTOBYBATH HaKJIeeHI OaHIakKi 3 TAKMX CaMO CTPIYOK 3 MOJIIMEPIB MiJICHICHUX BYTJICLEBUMU
BOJIOKHAMH.

Tako)k JaHWil BHJI 30BHILIHBOIO apMyBaHHsS IIONEPEYHUX MEPEpi3iB apoK CTpiuKaMu 3
MOMIMEpiB  MiJCHICHHX  BYIVICHICBMMH  BOJOKHAMH HA  CHOKCHIHOMY KJI€i  MOXKIHBO
BUKOPHCTOBYBAaTH Ha eTalli pO3paxyHKy HOBHX KOHCTPYKIii, II0 3HAYHO 3MEHIIye IX
MaTepialoeMHICTb Ta TPYIOMICTKICTb BUTOTOBJICHHSI.

Inest apok 3 KJIe€HOI ACPEeBUHM apMOBAaHUX CTPIYKAMH 3 IIOTIMEPIB MOXKE 3aCTOCOBYBATHCH
JUTS TIOJIOXKUCTHX JIBO- Ta TPUILAPHIPHUX apoK MpoiboToM Bix 20m 1o 100Mm, 31 cTpioro migiiomy
f=1/4L - 1/7L. Ctpiuku po3MilIyIOThCS B3IOBXK OCI KOHCTPYKLIl i MOBEPX HUX BIIAIITOBYIOTHCS
GaHgaxXi MEepHeHANKYJISIPHO JIO0 HANPSIMKY HOB3IOBXHBOI CTPIYKH. 3’€IHAHHS OaHAAXy B OAUH
3aMKHYTHH KOHTYp BHKOHYETHCS 3a JONOMOIOI0 HAIyCKy, 3 PO30DXKKOI 10 JOBXKHHU 30HH
apMyBaHHS KOHCTPYKIIT (quB. puc. 1).

Miciist BIamiTyBaHHs, KPOK Ta KUIBKICTh IIApPiB CTPIYOK 1 OaH/IaKiB BU3HAYA€THCS Ha MiACTaBl
pospaxyHky. CTpiuku Ta OaHAaKi HAKICIOIOThCA HA KOHCTPYKLIIO B SKOCTI 30BHIIIHBOTO
apMyBaHHS BUKOPHCTOBYIOUN €IOKCUIHHUIT KIICH.

3acTocyBaHHS 3aIPOIIOHOBAHOTO
BapiaHTy 30BHILIHBOTO apMyBaHHS
JO3BOJIIE  BHUPIMINTH HACTYIHI  3ajadi:
MiJBUILICHHS HECcydoi 3JaTHOCTI BY3IIB Ta
CIICMCHTIB ICHYI0UHX JIepeB’ THUX
KOHCTPYKIiH, BiTHOBICHHS HPOCKTHOTO
pecypey eKCITyaTallii; 3MEHIIEHHS BUTPaT
JEPEeBHHH Ha BUTOTOBJICHHS HOBHX apoK 3
KJIGEHOT ICPEeBUHU.

Puc. 1

1 — icHyrounii epeB’sSTHUH eIeMeHT;
2 — TpilyHa;
3 — 03/10BXKHS CTPiuKa 3 KOMIIO3UTHOTO MaTepiaiy;
4 — cTpiuKoBuii OaHAAX 3 KOMIO3UTHOTO MaTepiairy
1. IBH B.2.6-161:2017 «Koncrpykuii OyauskiB i copya. Jepes’siHi koHcTpyKuii. OCHOBHI HoI0xKeHHD) - K.
"Vipapx6yninpopm" 2017. — 111c.
2. lmuar A.b., Amutpues [1.A., ATaac CTpOUTENbHBIX KOHCTPYKIMIT U3 KJIGCHON IPEBECHUHBI
1 BOJIOCTOIKO# (haHepsl; YuebHoe nmocodue./ M.; M31-Bo Accormanin cTporTeIbHBIX By30B, 2001T — 292c.
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Striped arches made of glued laminated timber are reinforced with composite tapes

D. Mikhailovsky, of Doctor of Philosophy, Professor of the Department of Metal and Wooden
Structures
T. Sklyarova, Assistant Professor, Department of Metal and Wooden Structures

Kyiv National University of Civil Engineering and Architecture

The main problems of buildings with load-bearing structures in the form of arches made of
glued laminated timber are the massiveness of the cross section for new objects and the extension of
the normal life for existing ones. These disadvantages can be eliminated by strengthening their
individual parts. There are many ways to strengthen timber structures, but almost all of them
significantly affect their appearance. Solving this issue is essential, because large-span structures
are mainly used in architecturally expressive structures.

The purpose of the research is the possibility of strengthening the nodes and elements of
timber structures by sticking in problem areas (in areas of the appearance of cracks and / or the
possible appearance of maximum pedaling and normal stresses across the fibers) longitudinal tapes
of polymers strengthened by carbon fibers (see Figure 1). In addition to pasting longitudinal tapes,
if necessary, according to a special calculation, you can use pasted bandages from the same tapes of
polymers strengthened with carbon fibers. Also, this type of external reinforcement of cross-section
arches with polymer tapes reinforced with carbon fibers on epoxy glue can be used at the stage of
calculation of new structures, which significantly reduces their material intensity and complexity of
production.

The idea of arches made of glued timber reinforced with polymer tapes can be used for flat
two- and three-layer arches with a span of 20m to 100m, with a lift arrow f=1/4L - 1/7L. Tapes are
placed along the axis of the structure and bandages are arranged on top of them perpendicular to the
direction of the lengthening tape. The connection of the bandage into one closed path is carried out
by means of a overhang, with a discrepancy in the length of the reinforcement zone of the structure
(see Figure 1). Places of device, step and number of layers of ribbons and bandages are determined
on the basis of calculation. Tapes and bandages are glued to the structure as external reinforcement
using epoxy glue.

The use of the proposed external
reinforcement option allows solving the
following tasks: increasing the bearing
capacity of components and elements of
existing timber structures, restoring the
design life of operation; reducing the
consumption of wood for the manufacture
Fig. 1. of new arches of glued wood.

1 — existing timber element;

2 — crack;

3 — longitudinal tape made of composite material,
4 — tape bandage made of composite material.

1. DBN V.2.6-1612017 «Konstruktsii Budynkiv I Sporud. Dereviani Konstruktsii. Osnovni Polozhenniay - K.
Ukrarkhbudinform 2017. — 111s.
2. Shmydt A.B. Dmytryev P.A. Atlas Stroytelnykh Konstruktsyi Yz Kleenoi Drevesyny Y Vodostoikoi Fanery

Uchebnoe Posobye. M. Yzd-Vo Assotsyatsyy Stroytelnykh Vuzov 2001h — 292s.
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TpimmHocTiiiKicTh MOXWJINX NMepepiziB Hepo3Pi3HUX 0AJIOK
3 apMaTypoI0 HAIIPY:KEHOI0 HA 0eTOH

Onekcandp Koszak, xanoudam mexniunux Hayx, ooyenm xapeopu 3aniz00emonHux ma
Kam SIHUX KOHCMPYKYitl

Kuiscokuit Hayionanvnuii ynisepcumem 6yoienuymsa i apximekmypu (m. Kuig)

3rigHo [1] BUAIAIOTE 1Ba XapakTepHUX TUIHM NOXWIMX TpiliuH. TPIUIMHU MEpIIOro THUILY
PO3BHBAIOTECS HOPMAJIbHO 1O MO3MOBXKHBOI OCI €IEMEHTa, BIIXWISIOYHCH 31 30LIBIICHHAM
30BHIIIHBOIO HAaBaHTaXEHHS y Oik mposnboTy. IToXuii TpillMHU APYroro THILYy YTBOPIOIOTHCS Yy
CepelHill YacTHHI BHCOTU IIONEPEYHOTO Mepepidy 4um Oilsd po3TATHYTOI IpaHi eleMeHTa Ta
PO3BHBAIOTHECS HA 3HAUHY JOBKHHY y HANPSIMKY BiJl OITOPH JI0 BAHTAKY MPAKTHIHO Oe3 301IbIICHHS
30BHIIIHBOIO HABAHTAXKCHHSL.

Po3paxyHOK 3a yTBOPEHHSAM IOXHJINX TPIIlH BUKOHY€ETHCS 3 YMOBH:

Mr < Mere @)

M, — MOMEHT 30BHINIHIX CHJ, pPO3TallOBaHMX IO OAMH OIK IIOXWMJIOro Iepepisy, Lo
pO3IIIANaEThes, BITHOCHO OCi, IIapajeibHOl HYJIbOBIM JIiHII, sKa IPOXOAUTH Yepe3 TOYKY
MPUKIIAIEHHS PIBHOAII0YOT 3ycuis y O€TOHI CTUCHYTOI 30HH HaJ| TOXHUIIOKO TPIIUHOIO;

Mere — MOMEHT, SIKUH cIIpHiMae TOXWINI Iepepi3 IPH yTBOPSHHI IOXHUIIOL TPIMIUHN:

Mere=Mp+M; (2)
Mp — MOMEHT, SIKHIi CTBOPIOE 3yCHIIIS y OCTOHI PO3TATHYTOI 30HU;
M — MOMEHT, SIKUil CTBOPIOE 3yCHIIUIA Y NTO3OBXKHIH apMaTypi pO3TATHYTOI 30HH.
3anponoHOBaHA PO3PaxXyHKOBAa MOJENb TI'PAHUYHOI DPIBHOBArd IOIEpPeIHbO-HAIPYKEHOIO
eneMeHTa (i3 KPUBOJNIHIIHOIO HAIPy)KyBaHOIO apMaTyporo 0e3 34eruieHHs 3 OSTOHOM) Ha CTamii
YTBOPEHHs IOXHU/INX TPIlllMH HaBeeHa Ha puc. 1.

R c a

Puc. 1. Po3paxyHnkoBa MOJielIb FPAHUYHOTO
CTaHy Ha cTajil yTBOPCHHS MOXWINX TPILHH
B €JIEMEHTaX 13 KPUBOJIIHIHHOIO
HaIIPYyXKyBaHOIO apMaTyporo 0e3 3YEIUICHHS 3
6eToHOM

Kpubosiniina /
HanpyyBana apramypa

3a pe3ysbTaTamMu MPOBEACHHS €KCIICPUMEHTAIBHUX JOCHIPKEHb BY3JIIB MOHOJITHUX paM Ta
HEpO3pi3HUX OaloK 3 apMaTypol0 HANpyKeHO Ha  0eToH [2] HpOIOHYETHCS BHKOHYBATH
PO3paxyHOK Ha OCHOBI PiBHSHHS PIBHOBAarM 3rHHAIOYMX MOMECHTIB 30BHIIIHIX CHJI BiTHOCHO TOYKH,
y SIKIf NpUKIaJeHa PIBHOJMIIOYA 3yCHIUIS Yy OETOHI CTHCHYTOI 30HM HaJl MOXWJIOI TPIIIMHOMW, i3
BpaxXyBaHHIM PO3BAHTAKYBaJIbHOI'O MOMCHTY BiJl CKJIaJ0BOI HAIIPY>KyBaHOI apMaTypH:

M, < Mcrc+Mrp1 +Mp2 (3)
Mypi — 3TUHANBHUI MOMEHT, 1[0 CTBOPIOE 3yCUILILA IIOIEPEIHBOI0 OOTUCKY:
Mp1=P(h-yo-x/3-eop) 4
Mrp2 — 3TMHAJIBHUI MOMCEHT, IO CTBOPIOE PO3BaHTAXKyBaJIbHa CUJIa Vdis:
Mp2=Vais(c+a) (5)

Pe3ynbTaTi TEOPETHYHHMX PO3PAXyHKIB, BINOBIAHO 1O 3alPOIIOHOBAHOI METOIHMKH, NAIOTh
n00py 30DKHICTH i3 3HAYEHHSAM MOMEHTY TPILIMHOYTBOPEHHS, OTPUMAHUM IIiJ| 4aC BUKOHAHHSI
CKCIEPUMEHTAIBHUX TOCIIIKEHb.

1. Knimos FO.A. CyuacHi MeTOAM pPO3paxyHKy 3ali300eTOHHMX KOHCTPYKIiil 3a I'PaHMYHHMHU CTaHaMHU APYroi
rpynu. HaBuansnuii moci6unk. —K.: KHYBA, 2001, -46 c.

2. Kozak O. Effect of the pre-stressed reinforcement curvature on the bearing capacity of inclined sections of
monolithic beams / O. Kozak, O. Zhuravskyi, M. Delyavskyy // Cite as: AIP Conference Proceedings 2077, 020027
(2019); https://doi.org/10.1063/1.5091888 Published Online: 21 February 2019.
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Crack resistance of inclined sections of continuous beams
with reinforcement tensioned on concrete

O. Kozak, Candidate of Technical Sciences, Docent of the Department of Reinforced Concrete and Stone
Structures

Kyiv National University of Construction and Architecture (Kyiv)

According to [1] there are two characteristic types of inclined cracks. Cracks of the first type
develop normally to the longitudinal axis of the element, deviating with increasing external load
towards the span. Inclined cracks of the second type are formed in the middle part of the height of
the cross section or near the stretched face of the element and develop for a considerable length in
the direction from the support to the load with almost no increase in external load.

The calculation for the formation of inclined cracks is performed on the condition:

My < Mere @)

M, — he moment of external forces located on one side of the inclined section under
consideration, relative to the axis parallel to the zero line, which passes through the point of
application of an equivalent force in the concrete of the compressed zone over the inclined crack;

Mere — the moment which perceives an inclined section at formation of an inclined crack:

Mere=Mp+Ms 2)

My — the moment that creates the force in the concrete of the stretched zone;

M; — a moment that creates a force in the longitudinal reinforcement of the stretched zone.

The proposed calculation model of the limit equilibrium of the prestressed element (with
curved prestressed reinforcement without adhesion to concrete) at the stage of formation of inclined
cracks is shown in Fig. 1.

Fig. 1. Calculated model of the limit state at the
stage of formation of inclined cracks in elements
with curved tensioned reinforcement without
adhesion to concrete

Kpuboriwidna
HanpyxyBana apramypa

According to the results of experimental studies of nodes of monolithic frames and
continuous beams with reinforcement stressed on concrete [2], it is proposed to perform a
calculation based on the equation of equilibrium of bending moments of external forces relative to
the point at which the equivalent force is applied in concrete. from the component of prestressed
fittings:

M, < Mcrc+Mrp1+Mrp2 (3)
Mp1 — bending moment, which creates the force of pre-compression:
Myp1=P(h—yo—x/3—eap) (4)
Mp2 — bending moment, which creates the unloading force Vais:
Mp2=Vais(cta) %)

The results of theoretical calculations, in accordance with the proposed method, give a good
agreement with the value of the fracture moment obtained during the experimental studies.

1. Klimov Y. Modern methods of calculation of reinforced concrete structures according to the boundary conditions
of the second group. Tutorial. -K .: KNUCA, 2001, -46 p.

2. Kozak O. Effect of the pre-stressed reinforcement curvature on the bearing capacity of inclined sections of
monolithic beams / O. Kozak, O. Zhuravskyi, M. Delyavskyy // Cite as: AIP Conference Proceedings 2077, 020027
(2019); https://doi.org/10.1063/1.5091888 Published Online: 21 February 2019.
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JlocitiizkeHHs IpoLecy PO3ieHHs 0caly NPOMHCJIOBUX CTIYHUX BOJ
3 BUJIyYeHHSM HiKeJI10.

Onena 3opsa, k.m.n., doyenm kagedpu 6000NOCMAUAHHS MA B000BI0BEOCHHS,
Onexciit Tepnosuyes, k.m.n., doyenm kagheopu 000NOCMAYAHHIA MA 60008I08EOEHH.

Kuiscokuii nayionanvnuil ynisepcumem 6yoienuymea i apximexmypu (m. Kuisg)

IIpakTHyHO Ha BCIX TaJbBAaHIYHUX IIJIPHEMCTBAX OUMILEHHS CTIYHMX BOJ, L0 MICTATh
CIIOJIYKH HIKEJIO, 3/ifICHIOEThCS PeareHTHUM METOIOM. [Ipu oMy 10HM HIKEIIO0 IepeTBOPIOIOTHCS
Ha TIAPOKCUIM 1 OCA/PKYFOTBCS, MICIIs YOro X BHBO3STh HA 3BaJIUILA. 3TYIICHI CUPI OCAIM IILIaMiB
CKHJAIOTh y BigBaNd. 3a3BU4Yali BOHM MICTATh 3HAUHY KUIbKICTh TOKCHYHHMX PEYOBHUH, SKi
CTBOPIOIOTH Cepiio3Hy HeOe3neKy JIsi HAaBKOJMIIHBOTO CEpeloBUINA. 3 iHIIOr0 OOKY, IMiHHI
KOMITIOHEHTH, 110 BXOIATH JI0 1X CKIIAIY, Ha3aBKIH BTPAYAIOTHCS.

MeTor0 Hammx JOCHI/PKCHb € BHJIYYCHHS HIKETI0 3 OCajiB, sSKi yTBOPIOIOTHCS B IMpPOILECI
XIMIYHOT'O OYHMIIEHHS CTIYHMX BOJ LI00 3amo0irté 3a0pyJHEHHIO HABKOJUIIHBOIO CEPEAOBHUINA i
MIOBTOPHO BHUKOPHCTATH HIKeIb y BHPOOHHITBI. JlocmifukyBamu Taki METOAH: OOpOOICHHS
aMiaqyHOI0 BOJOIO 3 METO BMIIY/DKYBAaHHS HIKEIIO; IIJKHCIICHHS OCaly CIPYaHOK KHCIIOTOMO 3
HACTYITHOIO HOro 0OpOoOKOI0 aMiadHOI0 BOJOI0; 0OpOOJIEHHSI OCaay COJIIMH aMOHII0; BHIJICHHS
HIKENIIO 3 Ocaly JI€I0 Ha HBOTO BIANPAlbOBAHUM EICKTPOJIITOM, L0 3a3[ajeriip o0poOiieHuit
aMiauyHO0 BOOK0. Y MEpIIOMY BHIAJKy PO3IJIsIanacs 3ajJe)KHICTh MPOLEHTHOTO BUXO/AY HIKEINH 3
ocaJy BiJ KiTbKOCTI aMiaqHOI BOJH, 10 JOJA€ThCA. Pe3ynbTaTu eKCIIePHIMEHTIB IOKA3YIOTh, IO IMiJ
4ac 3pocTaHHs 031 amiagnoi Bojau Bix 0.29 no 1,79 mir Ha 1Mr BMicTy B ocajii HiKeIr0, BUXi cOJIi
HiKeno B ocaj 3pocrae. [logasnpiine 30UIbIICHHST JO3U aMiaqHOi BOAW NMPU3BOAUTH 1O 3HIKCHHS
BHXOJy HIKENIO. 32 HIIUM METOJI0M, po0y ocaxy 00poOJIsii CONISTHOI ab0 CipuaHOI0 KUCIOTOIO
1o pH 4.4...5.0, a notim amiaqnoro Bojor. OJHAK, MPH J10/IaBaHHI KUCIOTH YTBOPIOETHCS TAKOK i
po3unH TiApokcuAiB 3amiza. [lomambmne nomaBaHHA amiagHOi BOAHM NPU3BOAUTH OO YTBOPEHHS
aMiakaTiB HIKEII0 Ta OCa/PKCHHS IiJPOKCHAIB 3alli3a. Y [bOMY BHIAJIKY €(EeKT BHIJICHHS 3 HHOTO
Hikemo csrae 95 - 98% mnpu BUKOPHCTaHHI cipyaHol KucIoTh 1 96% - 99% - consanoi. O6podneHHs
ocaxy comsimu amoHito NH2Cl a6o (NH4)2SO4 no3Bosisie BUIUIMTH 3 0Cay HiKelb, yHUKHYBIIH IIPH
LOMY Iepexisl B PO34MH CIOIyK 3aiiza. Takuil crocid rae MOXIMBICTH BWiyuutu 96% - 99%
HiKeTo 3 ocaxy. OZHOYACHO 3IiHCHIOETHCS OYMINEHHS EIEKTPOIITIB Bil JOMIIIOK, IO JO3BOJIIE
BUKOPHCTOBYBATH JAQHUI METOJ JUIS OYHIICHHS KOHICHTPOBAHUX PO3YHHIB, SIKI MICTATH CHOJIYKH
Hikemo. [Ipu 3actocyBanHi Ui 00pOOJICHHS OCaay COJSHOI KUCIOTH a00 XJIOPHIY aMOHiI0, IpH
posknani amiakatiB Hikemo Tury [Ni(NH)4]Cl, mo yTBOpIOIOTBCS, KpiM ra3onomiOHOro amiaky
BUALISETbCS cosiHa kucnora. [lpu B3aemonii 3 NH4 Bona yrBOproe xiopun amonito NH4Cl, sxuit
3HOBY BHKOPHUCTOBYEThCSA Ui OOpOOJEHHS po3uuHiB ocafiB. CTymiHb BHIIYYeHHS HIKETIO 3
po3unHiB cTaHOBUTH 98% - 99%. [Ipn BUKOpPHCTAaHHI I pereHepanii HIiKeIo cip4aHoi KUCIOTH
a00 cynbdaTy aMOHIIO B IIPOLECT PO3KIIALY KOMILIEKCY HIKEII0 YTBOPIOETHCS TIPOKCH HIKEIIIO Ta
cipuaHa KHCJIOTa. 3 PO3UMHY BHALIAETHCSA Ta30MONIOHMI amiak, SKHH HPH B3a€MOAii 3 BOJOIO
YTBOPIOE TiIPOKCHJ aMOHII0, IO 3HOBY BHKOPHCTOBYETHCS IPH pereHepanii meramy. B xoxi
HAKOMMYEHHs CipuaHoi KMCIOTH BiOYBAE€ThCS PO3YMHEHHS TIAPOKCHY HIKEIO, 1[0 BUIAB B OCA].
B pe3ynbTaTi yTBOPIOETHCS PO3UUH CyJIb(aTy HIKENI0, MPUIATHUI IJIs TOAIBIIOTO BUKOPHCTAHHS
B nporeci HikemoBauHs. [Ipolec BuiyueHHs 3 ocany xjaopuctum amonieMm npu pH 11.83...12.0 €
ONTUMAJILHHUM 3 TIOTJISTY PO3AUICHH HiKelto Ta 3aii3a. [Ipu nanux 3Hauennsx pH He BinOyBaeThCs
BHJIUICHHSI Y PO3YMH T1JIPOKCHUIIB 3a1i3a, 10 MPUCYTHI B OCa/ll.

OtTpuMaHi pe3yibTaTH CBigUaTh NPO MOXKIMBICTH pereHepamii Hikemo 3 ocaidiB i iforo
MIOBTOPHOMY BHKOPUCTAaHHI Yy BUPOOHHYOMY LHKII. 3 HOIVIAAY 3PYyYHOCTI €KCILTyaTawii HalOuIbIT
MEPCIEeKTUBHUM CJIiJI BBa)XKaTH METOJ pereHepanii, SKUil IDYHTYETbCS Ha BHUKOPHCTAaHHI coueit
aMOHIIO.

1. Bops O.B. PecypcoomragHa TEXHOJIOTiS OYUCTKH MPOMHUCIOBUX CTiYHMX BOA Bix Hikemo /O.B. 3ops, O.B.
Tepuosues, JI.I. 3opa // Illnaxu minsumieHHs edekTHBHOCTI OyIiBHMITBA B yMoBaX (OpMyBaHHS PHHKOBHX
BigHocuH. 36.Hayk.mpaik.Bum.39, Yacr.2. KHYBA. 2019, - C.123-130.
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Study of the process of sludge separation of industrial wastewater
with the extraction of nickel.

0. Zorya, Associate Professor of the Department of Water Supply and Sewerage,
0. Ternovtsev, Associate Professor of the Department of Water Supply and Sewerage.

Kyiv National University of Civil Engineering and Architecture (Kyiv)

In almost all galvanic plants, wastewater treatment containing Nickel compounds is carried
out by the reagent method. In this case, Nickel ions are converted into hydroxides and precipitated,
after which they are taken to landfills. Condensed raw sludge is dumped in dumps. They usually
contain a significant amount of toxic substances that pose a serious danger to the environment. On
the other side, valuable components that are part of them are lost forever.

The aim of our research is to extract nickel from sludge that is formed in the process of
chemical wastewater treatment to prevent environmental pollution and reuse nickel in production.
The following methods were investigated: treatment with ammonia water to leach nickel;
acidification of the precipitate with sulfuric acid, followed by treatment with ammonia water;
treatment of sludge with ammonium salts; the release of nickel from the sediment by the action of
spent electrolyte, pre-treated with ammonia water. In the first case, the dependence of the
percentage yield of Nickel from the sludge on the amount of ammonia water added was considered.
The results of the experiments show that during the increase of the dose of ammonia water from
0.29 to 1.79 ml per 1 mg of the content in the precipitate of Nickel, the yield of Nickel salt in the
precipitate increases. A further increase in the dose of ammonia water leads to a decrease in the
yield of Nickel. According to another method, the precipitate sample was treated with hydrochloric
or sulfuric acid to pH 4.4... 5.0, and then with ammonia water. However, with the addition of acid,
a solution of iron hydroxides is also formed. Subsequent addition of ammonia water leads to the
formation of nickel ammonia and precipitation of iron hydroxides. In this case, the effect of nickel
release from it reaches 95 - 98% when using sulfuric acid and 96% - 99% - hydrochloric acid.
Treatment of the precipitate with ammonium salts NH2Cl or (NH4)2SO4 allows to isolate Nickel
from the precipitate, while avoiding the transition to a solution of iron compounds. This method
makes it possible to remove 96% - 99% of Nickel from the sediment. At the same time, the
electrolytes are purified from impurities, which allows the use of this method for the purification of
concentrated solutions containing Nickel compounds. When used for treatment of sludge
hydrochloric acid or ammonium chloride, decomposition Ammoniate type nickel [Ni(NH)4]Cl,
formed except gaseous ammonia released hydrochloric acid. Upon interaction with NHa, it forms
ammonium chloride NH4Cl, which is again used to treat sediment solutions. The degree of
extraction of Nickel from solutions is 98% - 99%. When sulfuric acid or ammonium sulfate is used
to regenerate Nickel, nickel hydroxide and sulfuric acid are formed during the decomposition of the
Nickel complex. Gaseous ammonia is released from the solution, which upon interaction with water
forms ammonium hydroxide, which is again used in metal regeneration. During the accumulation of
sulfuric acid is the dissolution of nickel hydroxide, precipitated. The result is a solution of Nickel
sulfate, suitable for further use in the nickel plating process.

The process of extraction from the precipitate with ammonium chloride at pH 11.83... 12.0 is
optimal in terms of separation of Nickel and iron. The obtained results indicate the possibility of
regeneration of Nickel from sludge and its reuse in the production cycle. From the point of view of
ease of operation, the most promising method should be considered regeneration, which is based on
the use of ammonium salts.

1. Zoria O.V. Resursooshadna teknologiya ochistki promislovich stichnich vod vid nikelu /O.V. Zoria,

O.V.Ternovtsev, D.I. Zoria //Shlyachi pidvishennya efektivnosti budivnistva v umovach formuvannya rinkovich
vidnosin. Zb.nauk.prats.Vip.39.Chast2 K.: KNUBA, 2019-C.123-130.
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Komo6inoBaHni MeTasoepeB’siHi TBOTaBpPOBi 6aIKn
Teop Cknapog, kano.mexu.nayk, 0oyenm Kageopu memanesux ma oepes sHuUX KOHCMPYKYil,

Kuiscokuil nayionansHuil ynisepcumem 6yoienuymea i apximexmypu (m. Kuig)

B cyuacHnx Hecyunx KOHCTPYKIISX KapKaciB IIHPOKO 3aCTOCOBYIOTHCSI TOHKOCTIHHI CTaJICBi
npodini Ta KOHCTPYKLIi 3 KieeHOT aepeBuHU. KoxkeH 3 1IMX MarepiajiiB Mae CBOi mepeBard Ta
HEJONIKH y NUTAHHAX HECydoi 3JaTHOCTI, JKOPCTKOCTi, TEINIOTEXHIYHUX Ta iHmMUX (i3HIHUX
XapaKTEePUCTHK. Y IOMY KOHTEKCTI JOLUIBHO PO3IVITHYTH MOJIIHMBICTH IIO€IHAHHS MO3UTHBHUX
BJIACTUBOCTEH JEPEBHHH Ta METaTy 3a PaXyHOK iX ONTUMAJIbBHOIO KOHCTPYKTHBHOTO KOMOIHyBaHH:
[1]. Crabkum wmicuem y poOoTi kieeaHepHHX OAIOK € BUHHKHEHHS CKIQTHOTO HAIPYXKEHOTO
CTaHy y CTiHII Oalikh,a TakoX OOMEKEHHs Yy HEeCy4Yid CIPOMOXHOCTi, SKE€ NPHUBOIMTH [0
HEeoOXiHOCTI 3aCTOCYBaHHS IMPSAMOKYTHHX HEpepi3iB, He 3aBKAU e()eKTUBHUX IIPU POOOTI HA 3THUH.
3BapHi ABOTAaBPOBI OalKH 3aCTOCOBYIOTHCS IIMPOKO, ale IX HENONIKOM € IIiJ[BHINCHA Bara Ta
BapTICTh.

Mera npoBeNEeHHS MOCHIIKEHb IIOJSATa€ CHUHTE3 BIACTHBOCTEH pobotH TrodpoBaHOi
METaJIeBOi CTIHKH, siKa J00pe cnpuiiMae momnepedHi 3ycuiuis y Oajkax, Ta TOSCIB 3 IUIBHOI 4K
KJICEHOI JICPEeBHUHY, SIKi 37aTHI CIpUiMAaTH 3HA4YHI HOPMAaIbHI HAIPY>KCHHS B3JOBXK BOJIOKOH Ta 3a
PaxyHOK MaCHBHOCTI CHIPUSIOTH 3a0€3M1CYEHHIO 3THHATBHO-KPYTHOI CTIHKOCTI Oaok.

3amava BUpIIIyeETbCS THM, L0 Yy mHosicax 3 Jepes’stHoro Opyca 1 (puc. 1) ¢pesepyerbes
MO3IOBXKHIH 1a3, y KU BKICIOETHCS a0 3alIPecOBY€ETHCS CTaleBHU MpodinboBaHuil IuCT 2 (pHC.
1) [2]. llInpuna mas3a gopiBHIOE BHCOTI rodpu mnpodinsoBaHoro iucra. TOBIIMHY CTiHKH, BUCOTY
ro)pu CTaIEBOro JHUCTA Ta rabapUTH JIePeB’THOro Opyca MOsICIB CIiJ] BU3HAYATH 32 PO3PaXyHKOM.
SIk cTiHKa, y IepIIOMy HAaOIMKCHHI, MOXKE 3aCTOCOBYBATUCH MPOQIIbOBAHUIT CTaTIEBHI JIUCT TUITY
C10-C44 3a JACTY bB.2.6-9:2008 3 TtpaneueBuanoro Gopmoro rodpis. [lns HaxiiiHOrO
CKJICIOBAHHS CTAJI€BOTO IPOQITbOBAHOIO JHCTAa Ta JAEPEB’SHUX MOACIB MOXKHA BHKOPUCTATH
JBOKOMIIOHCHTHHII CIOKCHIHMII Kieil, mo Mae noOpy anresio SK 3 MeTaJeBUMH, TaK 1 3
JIepeB’sSTHUMH  MOBEpXHSAMU. BHacnmizok 3actocyBaHHS MeTaneBoi Hpo(diIbOBAHOI CTIHKH Yy
JEpeB'sTHIX JBOTABPOBHX OankaxX BifOyBaeThcs MIiABHUINEHHS HECYdOl 3MaTHOCTI, JKOPCTKOCTL
npod i, 3MEHIIyeThCsl HeoOXiJHa BHCOTa Mepepisy Ta BiacHa Bara Oanok. Bce 1e cyTreBo
301IblIy€e [iana30H BHKOPUCTAHHA ABOTABPOBUX OaloOK 3 HOsiCAaMU 3 AEPCBUHU Ta IiJBHIIYE X
e(EKTUBHICTD.

Jlng  3a0e3neueHHss BHUCOKOI  KOPO3iifHOT
CTIMKOCTI, BUKOPUCTOBYIOThCS OLMHKOBAHI METaJIeBi
44 J crinky 3i crani S550 GD + Z srinno DIN EN 10147
- 1995. 3a paxyHOK MEHINOI T'yCTHMHM JIEPeBMHH Ta
L, . 3aCTOCYBAaHHIO TOHKOI ro)pOBaHOI CTIHKH, BJIaCHA

i~ 3 e Bara KOMOiHOBaHHMX Oalok y 2-3 pasu MeHIa 3a
AQHAJIOTIYHY MeTAJIeBy, IO 3HIDKYI0 BUTpaTH Ha
N 3BeJIeHHsI OyaiBedb. 3aCTOCYBAaHHS KOMOIHOBaHUX
METAIOJCPEeB sIHUX ~ OaJOK €  NEepCIEeKTUBHHM
HaNpsIMOM MOJAJIBIIOr0 MiBUIICHHS e()EKTUBHOCTI
KOHCTPYKIIf ~ Hecyyux  KapkaciB  OyniBedsb,
MOETHYIOYM y COOi TIO3UTHBHI BIACTHBOCTI JIBOX

’ T Martepialis.
Puc. 1. KoHcTpyKiisi MeTanoiepes’ sHOT Oanku

1. YcToiuuBOCT BHIIITAMIIOBAaHHBIX TO(POB Pa3IHYHON (HOPMBI TOHKOCTEHHBIX METAILIOICPEBSIHHBIX 0allok / A. A.
Axtyranos, A. H. Axryranos, O. H. Akryranos // Tpyzasl TToBOIKCKOrO rOCYJapCTBEHHOTO TEXHOJIOIUYECKOTO
yunsepentera. Cepust TexHonmorneckas / - Momkap-Ona : TIFTY, 2015, - Beim. 3. - C. 159-163

2. IMarent Ha kopucHy mozenb Ne 130893 Vipaina, MITK E04C 3/07 (2006.01). KombiHoBana MeTanonepes’sHa
JIBOTaBpOBa Oajka 3 MOsicaMH i3 JIGPEBUHU Ta CTIHKOKO 3 mpodimboBaHoro meraneBoro nmcra / Cxisipo 1. O.;
sasBuuky 1 Bracuukn Crusipos 1.O., KuiBcbkuil HamioHanbHuii yniBepcuter OymiBHHITBA i apXiTekTypu; — Ne
u201807815; 3asB. 12.07.2018 ; omy6u1. 26.12.2018, bron. Ne 24.
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Combined metal-wood i-beams
1. Skliarov, Ph.D., Associate Professor of the Department of Metal and Timber

Kyiv National University of Construction and Architecture

Thin-walled steel profiles and structures made of glued laminated timber are widely used in
modern bearing frame structures. Each of these materials has its advantages and disadvantages in
matters of bearing capacity, rigidity, heat engineering and other physical characteristics. In this
context, it is advisable to consider the possibility of combining the positive properties of timber and
metal due to their optimal design combination [1]. There are known designs of welded metal beams
with a thin corruated wall and timber I-beams with plywood walls. A weak point in the work of
glued laminated timber beams is the occurrence of a complex stress state in the wall of the beam,as
well as restrictions in bearing capacity, which leads to the need for the use of rectangular cross
section, which are not effective for bending. Welded I-beams are used widely, but their
disadvantage is increased weight and cost.

The purpose of the research is to synthesize the properties of the corrugated metal wall,
which well perceives shear efforts in beams, and folds made of whole or glued laminated timber,
which are able to perceive significant normal tensions along the fibers and due to the massiveness
contribute to the bending and torque stability of the beams.

The problem is solved by the fact that in the belts of a timber beam 1 (Fig. 1) a longitudinal
groove is milled into which the steel profiled sheet 2 is pasted or pressed (Fig. 1) [2]. The groove
width is equal to the height of the corrover of the profiled sheet. The thickness of the wall, the
height of the corrugated steel sheet and the dimensions of the wooden beam of the belts should be
determined according to the calculation. As a wall, in the first approximal, profiled steel sheet of
type C10-C44 can be used according to DSTU B V.2.6-9:2008 with a trapezoidal form of corruffs.
For reliable gluing of steel profiled sheet and wooden belts, you can use two-component epoxy
glue, which has good adhesion to both metal and wooden surfaces.

Due the use of a metal profiled wall in timber I-beams, bearing capacity, profile rigidity
increase, the required cross-sectional height and the own weight of the beams decrease. All this
significantly increases the range of I-beams with timber belts and increases their efficiency.

n Galvanized metal walls made of steel S550
TTTTTITT GD + Z according to DIN EN 10147 1995 are used
NN | to ensure high corrosion resistance. Due to the lower
= density of timber and the use of a thin corrugated
wall, the own weight of the combined beams is 2-3
times less than the similar metal, which reduce the
cost of building construction. In addition, such
structures, due to the natural texture of wood, are
aesthetically attractive. The use of combined metal
beams is a promising direction for further increasing
the efficiency of structures of bearing frames of
buildings, combining the positive properties of two
materials.

e

Fig. 1. Construction of combined beam

1. Ustojchivost vyshtampovannykh gofrov razlichnoj formy tonkostennykh metalloderevyanny'kh balok / A. A.
Aktuganov, A. N. Aktuganov, O. N. Aktuganov // Trudy Povolzhskogo gosudarstvennogo tekhnologicheskogo
universiteta. Seriya Tekhnologicheskaya / - Joshkar-Ola : PGTU, 2015. - Vyp. 3. - S. 159-163

2. Patent na korisnu model Ne 130893 Ukrayina, MPK E04S 3/07 (2006.01). Kombinovana metaloderevyana
dvotavrova balka z poyasami iz derevini ta stinkoyu z profilovanogo metalevogo lista / Sklyarov I. O.; zayavniki i
vlasniki Sklyarov 1.0., Kiyivskij naczionalnij universitet budivnicztva i arkhitekturi; — Ne u201807815; zayav.
12.07.2018 ; opubl. 26.12.2018, Byul. Ne 24.
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HaniBaHaJJiTHYHHI MeTOJ CKIHYEHHX eJIeMeHTIB B JiHiiiHUX i HeMiHIHUX 3a1a4ax
nedopMyBaHHs, pyiiHyBaHHS Ta (JOPMO3MiHEHHsI IPOCTOPOBUX TiJl 3 ypaXyBaHHAM
HeKaHOHIYHOCTI GOpPMH Ta CKJIATHOI CTPYKTYPH

FOpiit Maxcum’1ok, 0okm. mexn. Hayk, npoghecop, kagedpa 6ydisenbHoi Mexaiku
Isan Mapmuniok, kano. mexu. HayKk, OOKmMopanm, kageopa 6y0ieenbHoi MexaniKu
Onexcanop Makcum’1ok, acnipanm, kagheopa 6y0ieenbHOi MExaniKu

Kuiscokuii nayionanonutl ynisepcumem oyoienuymea i apximexmypu (m. Kuis)

Cepell pi3HOMAHITTSI IPOCTOPOBHX KOHCTPYKIiH HalOUIBII NMOIMIMPEHNM B Pi3HHUX Tally3sX
TEXHIKH € KJ1ac 00 €KTIB Tija SKUX, YTBOPEHI PyXOM JesKOi MOBEPXHI y3I0BXK Harpasisodoi. Lle,
MepiI 3a Bce KaHOHIYHI (BiCECMMETPHUHI 1 MPSIMOJIIHIIHI MPU3MATUYHI) TiIa 1, KPiM TOrO, OUIBII
CKJIaHI (UKIIYHO CUMETPHYHI 1 KPUBOJIIHINHHI PU3MATHYHI) 00 €KTH, OJICPIKYBaHi 3 KAHOHIYHUX
PIBHSHB, NIIIXOM HE BHPOKCHHX TPHBHUMIPHHUX IIEPETBOPEHb. BinMiHHA 0COONMBICTH MEpPIINX —
Hee(hOpMOBAHICTb B MPOIIEC] pyXy yTBOPIOBAHOI IIOBEPXHI 1 CTANICTh KPUBU3HM HAIPSIMHOT, sIKa y
JIPYTHX MOXe 3MIHIOBaTHCS, a YTBOpIOBaHYy TIoBepxHIO jaedopmysati 6e3 pospusis. Ilpn
JIOBUILHOMY XapakTepl pO3MOAUTYy 30BHIIIHIX BIUIMBIB JIOCTOBIpHa KapTHHA HAINpPyKEHO-
neopMOBaHOrO CTaHy HaBITh BICECUMETPHUYHMX 1 MPSMONIHIMHUX NMPU3MATUYHUX Tl HE MOXKE
OyTH OTpHMaHa Ha OCHOBI PO3B’sI3aHHS JIBOBUMIPHUX 3a/1a4.

[TparHeHHs 0 3HMKEHHS MaTepPiaIOMICTKOCTI Ta MiJABUIICHHS HaAIHHOCTI, TEXHOJIOTIYHOCTI
Ta CGKOHOMIYHOCTI IHXKCHEPHHX pIlleHb NPHU3BOAUTH [0 YCKIAJHEHHS (GOPMH 1 CTPYKTYpH
MPOCTOPOBHX 00’€EKTIB, HEPIJKO MOEAHYIOTh iCTOTHO TPUBHMIPHI i OOOJOHKOBI €JIEMEHTH 3
pi3HMMHU TI0 BCiX KOOpJMHATaX MEXaHIYHMMM XapakTepHCTHKaMH. SIK TpaBmiio, B Iporeci
eKCIUTyartainii BOHM IIJUIAIOTBCS Jii CHJIOBMX 1 TEIUIOBUX HABAaHTa)KEHb IPUYOMY, BILUIHB
HEOJHOPITHUX TEMIICPATYPHHX IIOJTIB IPOSBIAETHCS SIK IIPU BHHUKHCHHI TEIUIOBUX AehopMariii,
Tak 1 IpH, 3MiHI BJIACTHBOCTEH MarepiamiB. TeHneHmis xo0 iHTeHCH®IKAii BHKOPHCTAHHS
o0JaTHaHHS TIOPSIJT 13 3HWIKEHHSIM MaTepialloMiCTKOCTI MPU3BOANTH 10 HEOOX1THOCTI 3aCTOCYBaHHS
KOHCTPYKTUBHHMX  pillleHb, [0 JIOMYCKAIOTh HAsSBHICTH HE3BOPOTHIX Jedopmariif, 110
CYNPOBOIKYIOTHCS JUISl ISSIKMX €JIEMEHTIB ICTOTHOIO 3MiHOIO NepBicHOT (opMu. PO3BUTOK BETUKHX
IUIACTHYHUX JedopMaliil XapakTepHO I YIIUIBHIOIOYMX KUIBIIEBHX IPOKIAJOK, 3aKICHOK B
3’€IHYBaJIBHUX OIEPALIisiX, 3ar0TOBOK MPH 00POOLI MeTaIiB THCKOM (BUTSDKII, OCai, MPOTSIKII) Ta
iH. Po3paxyHOK KOHCTPYKI[i TNpH HAsABHOCTI TEIUIOOOMIHY 3 3O0BHIIIHIM CEpEIOBHUIIEM,
IJTACTUYHUX JeopMalliid, ICTOTHOT 3MIHM TOYaTKOBOI (pOpPMHU, MariCTpalbHUX TPIIIUH 1 3MIHH 3
IHIIMMHU 00 €KTaMH TMPHU3BOAMUTH 10 HEOOXIJAHOCTI PO3B’s3aHHs CKIAJHUX IMPOCTOPOBHUX 3ajay
HECTAI[IOHApHOI TEIUIONPOBIAHOCTI, Teopil MHPYXKHOCTI 1 IIACTUYHOCTI M HABAHTAKCHUX
CTaTHYHHUMH 1 JUHAMIYHUMH TEPMOCHIOBIMH BILIMBAMH TLI HEKAHOHIYHOIO ()OPMH 3 ypaxXyBaHHAM
KOHTAKTHOI B3a€MOZIT 1 BEJIMKUX IUIACTHYHUX JedopMamiif, a Takoxk 3a1a4 MEXaHIKH pyHHYBaHHS.
Tomy po3pobka Ha ocHOBi MCE edexkTHBHUX METOJIiB PO3paxyHKY, BICECUMETPUYHHX, HUKIIUYHO
CUMETPUYHMX 1 MPU3MATUYHHUX MPOCTOPOBUX KOHCTPYKIIiH, 110 3a0€3Me4yI0Th iCTOTHE YTOUHEHHS
PO3paxyHKOBHX CXeM O0’€KTiB 1 BIOCKOHAJIEGHHS METOMIB iX aHali3y - akTyajdbHa mnpodieMa
OyniBeNIbHOT MEXaHIKM, B 00J1aCTI KOMIT IOTEPHOTO MOJICTIOBAaHHSI KOHCTPYKIIIH Oy/AiBeNb i CIopya
CIELIBHOTO MIPH3HAYCHHS.

3 ypaxyBaHHSM ICTOTHO TPUBHMIPHOTO XapaKkTepy HaNpyKeHO-Ie(pOpPMOBAHOTO CTaHy,
JIOCJIJKCHHST BHJJICHOTO KJIacy O0’€KTIB HEOOXiJHO MPOBOJUTH B IPOCTOPOBIH MOCTAHOBIII.
Haii6inbi yHiBepcanbHUN YMCENbHUI METOJ, 110 J03BOJISIE BUKOHYBATH PO3PAXYHKH KOHCTPYKIIIH
3 ypaxyBaHHAM ()i3HYHOI i TeOMETPUYHOI HENIHIHOCTI, a TAKOXK 3 MO3UILIH MeXaHIKH pyHHyBaHHS,
- e MCE. Onnaxk #oro MOKIMBOCTI IPH BUPILIEHHI IPOCTOPOBUX 3a1a4 ayke oOMeskeHi. Tomy ix
piLICHHS 3MIfCHIOETBCS, K IPAaBUIO, B PaMKaX BICECHMETPHYHOI i INIOCKOI MOCTAHOBOK. ICTOTHO
nigBumut epexruBHicte MCE, 0coOiuBO Uit pO3risiHyTUX B AaHiM poOOTI Kiacy 00 €KTiB,
JI03BOJIsIE HOTO TOEJHAHHS 3 METOAOM pO3JUIeHHs nepeMmiHHuX. Llefl miaxix oTpumaB Ha3By
HaIiBaHAJITUYHOTO MeToy ckinueHHuX enementiB HMCE [1].

1. Baxenos B. A. HamiBaHamiTHYHMI METOA CKiHUYCHHHMX EJIEMCHTIB B 3aJadaX KOHTHHYAJIBHOTO PYHHYBaHHS
npoctopoBux Ti: Monorpadis / B.A. Baxenos, O.1. T'ynsap, C.O. ITuckynos, O.C. Caxapos — K. : «Kapasena»,
2014.-236c.
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Semi-analytical method of finite elements in linear and nonlinear problems of
deformation, destruction and shape change of spatial bodies taking into account non-
canonical form and complex structure

Y. Maksymyuk, Ph.D. tech. Sciences, Professor, Department of Structural Mechanics
1. Martyniuk, Ph.D. tech. Sciences, PhD student, Department of Structural Mechanics
O.Maksymyuk, graduate student, Department of Structural Mechanics

Kyiv National University of Civil Engineering and Architecture (Kyiv)

Among the variety of spatial structures, the most common in various fields of technology is a
class of objects of the body which are formed by the movement of some surface along the guide.
These are, first of all, canonical (axisymmetric and rectilinear prismatic) bodies and, in addition,
more complex (cyclically symmetric and curvilinear prismatic) objects obtained from canonical
equations by non-degenerate three-dimensional transformations. A distinctive feature of the former
is the non-deformation in the process of movement of the formed surface and the constancy of the
curvature of the guide, which in the latter can change, and the formed surface is deformed without
breaks. Given the arbitrary nature of the distribution of external influences, a reliable picture of the
stress-strain state of even axisymmetric and rectilinear prismatic bodies cannot be obtained on the
basis of solving two-dimensional problems.

The desire to reduce material consumption and increase the reliability, manufacturability and
cost-effectiveness of engineering solutions leads to a complication of the shape and structure of
spatial objects, often combining significantly three-dimensional and shell elements with different
mechanical characteristics in all coordinates. As a rule, in the course of operation they are exposed
to force and thermal loadings and, influence of inhomogeneous temperature fields is shown both at
emergence of thermal deformations, and at, change of properties of materials. The tendency to
intensify the use of equipment along with the reduction of material consumption leads to the need
for the use of structural solutions that allow the presence of irreversible deformations, accompanied
for some elements by a significant change in the original form. The development of large plastic
deformations is characteristic of sealing ring gaskets, rivets in connecting operations, workpieces in
the processing of metals by pressure (hood, sediment, broach), etc. For the same reason, the
operation of critical parts often occurs in the presence of cracks that occur during processing,
manufacture or transportation. Their spread can lead to catastrophic destruction and is a decisive
factor in assessing the load-bearing capacity of structures.

Calculation of structures in the presence of heat exchange with the environment, plastic
deformations, significant changes in the initial shape, main cracks and changes with other objects
leads to the need to solve complex spatial problems of nonstationary thermal conductivity, elasticity
and plasticity for bodies loaded with static and dynamic thermopower non-canonical form, taking
into account the contact interaction and large plastic deformations, as well as the problems of
fracture mechanics. Therefore, the development on the basis of FEM effective calculation methods,
axisymmetric, cyclically symmetric and prismatic spatial structures that provide significant
refinement of design schemes of objects and improve methods of their analysis - an urgent problem
of structural mechanics in the field of computer modeling of buildings and structures. appointment.

Taking into account the essentially three-dimensional nature of the stress-strain state, the
study of a selected class of objects must be carried out in a spatial setting. The most universal
numerical method that allows calculations of structures taking into account physical and geometric
nonlinearity, as well as from the standpoint of fracture mechanics, is FEM. However, its capabilities
in solving spatial problems are very limited. Therefore, their solution is usually carried out in an
axisymmetric and flat formations. Significantly increase the efficiency of the FEM, especially for
the object class considered in this paper, allows its combination with the method of separation of
variables. This approach is called the semi-analytical finite element method SFEM [1].

1. Bazhenov V.A. Napivanalitychnyi metod skinchennykh elementiv v zadachakh kontynualnoho ruinuvannia

prostorovykh til: Monohrafiia / V.A. Bazhenov, O.1. Huliar, S.O. Pyskunov, O.S. Sakharov — K. : «Karavela», 2014.
—236s.
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Buxopucranus MicueBHx 0y/iBeJIbHHX MaTepiaiiB npu OyiBHULTBI 10CTYNHOT 0
MAaJIONOBEPXOBOI0 JKUTJIA

Bixmopis Tumox, kano. exon. nayx, doyenm xagpeopu ekonomixu 6y0ieHuymea
Onena Emenvanosa, KaHo. HAYK 3 0epaic. YRp. OOYeHm Kagheopu opeanizayii ma ynpasiinus
OyoieHUYmMEoM

Kuiscokuil HayionanvHuil yHigepcumem Oyoienuymea i apximexmypu (m. Kuig)

ByniBHULTBO XMTIIOBOTO OyJMHKY — i€ JOCTATHBO JOPOTe 33/I0BOJICHHS, SIKE MOXYTh 001
JIO3BOJIUTH TUIBKH 3aMOXKHI JIFOJU. 3a JIOMOMOTOI0 CYYaCHHX TEXHOJOTiH B OyAIBHHITBI MOXHa
noOyayBaTH TaKdWil MaJONOBEPXOBUIl JKUTIOBHH OyIMHOK, 00 y Majo3abe3nedyeHol pOIMHU
BUSIBUJIOCS HE TUIBKH Oa)KaHHs MaTH CBIM JiM, ajie i MOJKJIUBICTh HOTO KYIIUTH.

CphOrosiHi iCHYyIOTh €KOHOMIYHI TMPUHIUIHM, JOTPUMAHHS SKHUX MOXE CYTTEBO 3HHM3UTH
BUTpaTH TpH OYAIBHUITBI MAaJOMOBEPXOBOIO JKUTIOBOrO OYyIMHKY: BHKOPUCTaHHS IPH
OyIiBHULTBI JKHTJIA MICHEBHX MaTepialiB; 3aCTOCYBaHHS THIIOBUX YHI()IKOBaHHX CXeM
[UTaHYBaHHS, BUKOHAHHS OY/iBEIbHUX POOIT KBaTipiKOBAHUMHU KaJIpaMH, sKi MPALIOOTh AKICHO 3
BHCOKOIO IPOJYKTUBHICTIO TMpalli; 3acTOCYBaHHS Cy4acHMX OyJIBEIbHHX TEXHOJOTIiH, sKi
JO3BOJISIFOTH Oy TyBaTH OyJIMHOK B KOPOTIIi CTPOKH.

Bei i mepepaxoBaHi OCHOBHI TMPUHIMIHN TIOBUHHI OyTH B3a€MOIIOB’s3aHI MiX CO0OMO.
3acTocyBaHHS MICLIEBHX MaTepialiB CKOPOYYIOTh BHTPAaTH Ha IX HaBaHTa)KCHHS, MEPEBE3CHHS,
PO3BAaHTAKCHHS, CKIAyBaHHI Ta iH. YHi)ikoBaHa cXeMa BUPOOHHIITBA JO3BOJIIE (hOpMaizyBaTH
BUPOOHMYHMI MTPOLIEC 1 3HAYHO 3HU3UTH COOIBAPTICTB 1 CKOPOTUTH TPUBATICTH 3BE/ICHHS 00 €KTa.

OKpiM AacCIIeKTiB JOBrOBIYHOCTI JKHTJIa IIOBHHHa 3a0e3ledyBaTHCS TapMOHi3amis i
pairioHami3ailisi BIJHOCHH JIIOAMHU 3 TPUPOJIOID, CTAIMH Ta EKOJIOr0-0e3MeYHUi COlialbHO-
CKOHOMIUHHMH PO3BUTOK, a CaMe 3aXHUCT HABKOJMIIHBOTO CEPEOBHIINA, KIIMATy Ta MPUPOJHUX
pecypciB. Yacto Meroro (ypsjiB, a iHOJI i MICLIEBHX I'pOMaj) € Te, 100 KHUTIO HE CIPUSIO 3MiHI
KIiMaTy abo BUKKAAM IapHUKOBHUX ra3iB — 30kpema, razy COx.

CaMaH — ¢ TVIMHSHI IETJIMHU, OCHOBOIO SIKHX € TJIMHA CEPEeIHBOI KUPHOCTI, a B SKOCTI
HAaIOBHIOBAYa CIY)XUTh JPiOHO Hapi3aHa COJIOMa, Pi3HI BOJOKHHUCTI POCIMHM a0O HAaBiTh THIMH.
CpOrofHi KHUTIIO 3 TIIUHAHUX LIETJINH 3HOBY HAOHpae MOMYJIIPHICTH CepeJl HAIKMX CIIIBBITYN3HUKIB,
3 BUKOPUCTaHHSM KOMOiHOBaHOTO Kapkacy [1].

OuepeToBi IUIMTH 3aCTOCOBYIOTH ISl 3alIOBHEHHs KapKaciB OyJMHKIB, sSIKi YKIaJalOTh SIK
HaKaT 0 OaJIKax MIKIIOBEPXOBOTO i TOPUIIHOTO IIEPEKPHUTTS; OUCPETOBI IUTUTH 3aCTOCOBYIOThCS SIK
TEIUTOI30JSIIHHI MaTepiaiii i B KamiTaabHOMY OyMiBHHLTBI. BoHM MOXyTh OyTH yKIaleHi Mia
nmapkeT abo JiHoneyM Ta iH. [2]. OdepeT TakoX BUKOPHCTOBYETHCS K MOKpIBEIBbHHI MaTepiall,
OCKUJIBKH BiH € JIErKooCTymHUM. Lle 03Havae, 1o 1e i AemmeBo, i JIErko TpaHCIOPTYBAaTH.

Koctpunst 1b0HYy 1 KOHOIUII BHKOPHCTOBYETHCS B OYAIBHHLTBI Ui BHUTOTOBIICHHS
TEIUIOI3OIALIIMHMX MarepiamiB a00 K HaIOBHIOBAY JUIL MaTrepiayliB 3 TEIUIOTCXHIYHUMH
noka3Hukamu. € 1ikaBi AaHi, o npu TOBIMHI cTiH 400 MM 3 BUKOPUCTAHHSM YTEIUIrOBayYa 3
KOCTPHII, A1 oirpiBy mpuMimenss miometo 100 M?> HEOOXiJHO B 3MMOBY TOPY POKY BCHOTO 3
kBr/rox enekrpoeneprii. HaiiGinbmr IMIMPOKO KOCTPHULS 3aCTOCOBYEThCS Ul OyIiBHHITBA
iHuBIyanbHUX OyAMHKIB. Tako) BOHA BUKOPUCTOBYETHCS JJIsl BATOTOBJICHHS ITiJUIOT.

ByniBenbHi Matepiany, IEMOHCTPYIOTh [JesKi HOBi, a 1HOAI # eKCIepUMEHTalIbHI
OCOOJIMBOCTI, aje y BCIX BHUIMaJKaXx HeoOXimHa mpodeciiiHa yBara JAjsl MOAAIBIIONO PO3BUTKY
(iHomi) TpaauuidHUX OyIiBEeNbHUX MaTepianiB Ta TexHosorid. [Ipy 1bOMY TEXHOJIOTIYHUIH
PO3BHTOK BHMAra€ iHCTUTYLIHHOI MiIATPUMKH Ta HOBHX IIJOTHHX HPOCKTIB. YpPsa HOBHHECH
peTeNbHO IeperysiaaTh OyniBeNbHI HOPMHM Ta CTaHIAPTH, OO YHHKHYTH MEpPElIKOIKAHHSI
BHUKOPHCTAHHIO BiJIOBIIHUX MaTepialiB i TEXHOJIOTIH y JKUTIOBOMY OYAiBHHIITBI, OCOOJIUBO IS
IPYII 3 HU3BKUM PIBHEM JI0XOLY.

1. Preservation of Historic Adobe Buildings. URL: https:/www.nps.gov/tps/how-to-preserve/briefs/5-adobe-

buildings.htm
2. Oueper sik Matepiai juist OyAiBHUITBA: BUTiIHHH Oi3HeC
http://melnicabiz.com.ua/ideas_new2/469 business_kamysh-kak-stroitelny-material.html
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The use of local building materials in the construction of affordable low-rise housing

V. Tytok, Ph.D., Associate Professor of the Department of Construction Economics
O. Emelianova, Ph.D., Associate Professor of the Department of Organization and
Construction Management

Kyiv National University of Civil Engineering and Architecture (Kyiv)

Building a house is a rather expensive pleasure that only wealthy people can afford. With
the help of modern technologies in construction, you can build such a low-rise apartment building,
so that a low-income family has not only a desire to have a home, but also the opportunity to buy it.

Today, there are economic principles, compliance with which can significantly reduce costs
in the construction of low-rise housing: the use of local materials in housing construction;
application of standard unified planning schemes; execution of construction works by qualified
personnel who work qualitatively with high productivity; application of modern construction
technologies that allow you to build a house in a shorter time.

All these basic principles should be interconnected. The use of local materials reduces the
cost of loading, transportation, unloading, warehousing, etc. The unified scheme of production
allows to formalize the production process and significantly reduce the cost and the duration of
construction.

In addition to aspects of housing longevity, harmonization and rationalization of human
relations with nature, sustainable and environmentally friendly socio-economic development,
namely the protection of the environment, climate and natural resources must be ensured. Often the
goal (of governments and sometimes local communities) is to ensure that housing does not
contribute to climate change or greenhouse gas emissions, in particular COx.

Adobe is a clay brick based on medium-fat clay, and the filler is finely chopped straw,
various fibrous plants or even manure. Today, housing made of clay bricks is again gaining
popularity among our compatriots, using a combined frame [1].

Reed slabs are used to fill the frames of houses, which are laid as a roll on the beams of the
mezzanine and attic floors; reed slabs are used as thermal insulation materials and in capital
construction. They can be laid under parquet or linoleum, etc. [2]. Reed is also used as a roofing
material because it is easily accessible. This means that it is both cheap and easy to transport.

Flax and hemp firewood is used in construction for the manufacture of thermal insulation
materials or as a filler for materials with thermal performance.

There is interesting data that with a wall thickness of 400 mm using fire insulation, to heat a
room with an area of 100 m? requires only 3 kW/h of electricity in winter. The most widely used
bonfire is used for the construction of individual houses. It is also used to make floors.

Building materials demonstrate some new and sometimes experimental features, but in all
cases professional attention is needed for the further development (sometimes) of traditional
building materials and technologies.

At the same time, technological development requires institutional support and new pilot
projects. The government should carefully review building codes and standards to avoid impeding
the use of appropriate materials and technologies in housing construction, especially for low-
income groups.

1. Preservation of Historic Adobe Buildings. URL: https://www.nps.gov/tps/how-to-preserve/briefs/5-adobe-
buildings.htm

2. Ocheret yak material dlya budivnytstva: vyhidnyy biznes
http://melnicabiz.com.ua/ideas_new2/469_business_kamysh-kak-stroitelny-material.html
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AHaJli3 paMHHX BY3.J1iB TPY000eTOHHOI KOJIOHHM Ta CTAJIeBOI 0aJKH
B ACIIEKTi NPOrpecyo4oro pyiinyBaHHs.

Onexciit Jlagcokuii, acnipanm xageopu memanesux i 0epes sshux KOHCmpYKyitl
Kuiscokuti nayionansnuil ynisepcumem o6yoienuymea i apximexmypu (m. Kuis)

IIpn npoekryBanHi  OyniBenb 1 CHOPYZJ CHELIadbHOTO IIPU3HAYEHHS OCOONUBY pOIb
HEeoOXITHO NMPUIUIATH PO3paxyHKY Ha Hporpecyrode pyHHYBaHHS, II€ NPOLEC PO3MOBCIOMIKCHHS
MOYAaTKOBUX JOKAIBHHUX IIOMIKO/UKEHb Y BUIJIS JIQHIIOrOBOI PEaKIlii BiJi OZHOTO ENeMEHTY 10
IHIIMX, 1[0 IPU3BOJUTH A0 pyiHyBaHHS Beiei OymiBmi abo i wactmam. o mporpecyrodoro
pyHHYBaHHS MOXYTh HPH3BECTH MOLIKOKCHHS OCHOBHHMX HECYYHX eJEMEeHTIB OyaiBii,
HalfyacTile — KOJIOH IEpIIOro MOBEpXy, BHACIIIOK BHOYXy a0 TapaHy TPaHCIOPTHHM 3aCO00M.
Jaui aBapiifHi cuTyauii po3IrIATalOThCS IHKEHEPOM-IIPOCKTYBAIBHUKOM IUIIXOM HPHKIATAaHHS
SKBIBAJICHTHUX HABAaHTA)KCHb /IO OJHOTO0 KOHCTPYKTHBHOTO €JIEMEHTY ab0 MOBHE {foro BHAAICHHS
i3 po3paxyHKoBoi Mozeni [1].

Tpy0OoOeTOHHI KOJIOHM MalOTh PsJI IIepeBar B MOPIBHSAHHI 3 METAJIEBUMH 1 3aJ1i1300€ TOHHUMH
KOJIOHAMH Y aCIeKTi OIOpy Ha Iporpecyrode pyiiHyBaHHs. [lo-nepiue, 6inbla MexaHigHA MIIHICTh
TpyOOOETOHHOI KOJIOHH Y TIOPIBHSHHI 3 CKBIBAJCHTHHMH IIepepi3aMH 3a1i300€TOHHHX a0o
MeraneBux kosoH Ha 50-80%. Lle € pesynbratom poOOTH cTaneBoi TpyOu sk oboimu as OeTOHHOT
CEPLICBHHH, a TAaKOX PO3KPIIUICHHS OETOHOM cTaneBoi TpyOu i3 cepequnu [1]. ITo-npyre, Oinbira
BOTHECTIMKICT y TOPIBHSHHI 13 METaJeBUMHM KojJoHaMmH. llo-Tpere, ImIacTUYHUII Xapakrtep
pyHHYBaHHS y HOpIBHSAHHI i3 3a1i300€TOHHIMH KOHCTPYKIISIMH, III0 HE JOIIyCKAa€ MOMEHTAILHOTO
pyiHYBaHHS CIIOpPYIH, a Ja€ 4ac Ha eBakyauilo Jroneil. Ilo-ueTBepre, BHCOKa ceiicMOCTIHKICTh
JaHUX  KOHCTpYKUiH. [l  mpotuaii  mporpecyrodomy — pyHHYBAaHHIO — PEKOMEHJYETHCS
BUKOPHCTOBYBATH paMHI By3IH B HeCyuHx OyJiBeJbHUX KOHCTpYKIisx. Lle mosBomse
PO3paxoByBaTH HA MEPEPO3NOJIT 3yCHIb Ha CYCiJHI HECydi €JeMEHTH BHACIIJOK BUKIIOUCHHS 3
poboTH onHi€T KOHCTPYKII.

VY pamuili KOHCTpYKILIi 3 TpyOOOETOHHOI KOJOHM Ta CTaJeBOi OAIKH HPH PO3PaXyHKY Ha
Iporpecyrode pyiHyBaHHS BUpilllaJbHe 3HAUYCHHS Ma€ BY30J 3’€JJHAHHs OAJKH Ta KOJIOHH. 3TiJHO
eKCIEePUMEHTAIbHUX JOCIIKCHb, BHHHKAE YOTHPH CTafil poOOTH By3da B JAaHOMY BHIAJKY.
[lepma cramis, «OaMKOBHI MeXaHi3M», MPUCYTHS IO MOYATKy PYHHYBaHHS HECYy4Oro eJIeMEHTa i
XapaKkTepHa HasBHICTIO HANPYXKEHb CTHCKY Y BEPXHiH YacTUHI OAJIKU, PO3TATYIOUMX — y HIKHIH.
HeliTpanpHa Bick IPOXOANUTH OIM3BKO O CEPEIUHHM Hepepily eleMeHTa. Jlpyra cranis, «3MimraHuit
MEXaHi3M», MOYMHAETHCS 13 MOMEHTY aBapifiHOrO BIUIMBY HA KOHCTPYKTHBHHH eIEMEHT i
XapaKTepHa Pi3KUM 30LIBIICHHSIM PO3TATYIOUHMX HAIpYXKEHb y HIDKHIM 30HI Oanku. HelTpanbHa
BICh 3MILIY€THCS Bropy IO ITIepepisy €IEeMEHTa, 30Ha PO3TAIYIOYHMX 3YCHIIb 30ULIBIIYEThCS, 30HA
CTHCKAIOUUX 3MEHIIYEThCS JI0 MiHIMaJIbHUX 3HAueHb. TpeTst CTajis, «IAHLIOTOBUI MeXaHi3M»,
XapaKTepHa IIOBHOIO BiJICYTHICTIO CTUCKAIOUMX Halpy)XeHb B Hepepisi Ganku. HelirpanpHa Bich
BIJICyTHs, BECh €JIEMEHT MpALIOE Ha PO3TAr. YUeTBepra CTajis, «pyHHYBaHHS», NOYMHAETHCS 3
pyHHYBaHHS HI)KHBOI YaCTHHH OaJIKU BHACHINOK PO3TATYIOUHX 3yCHiIb. HampyKeHHS B IUX MicCIIIX
JOPIBHIOE HYIIO, IPOTE BEPXHS YaCTHHA OAJIKH IIe MPOTOBXKYE CIPUAMATH PO3TATYIOWI 3yCHILIL
JIONIOKH He BiZI0yBAEThCS OCTATOYHOTO PO3PUBY.

ExcniepuMeHTabHO JOBEAEHO, MO E€()EKTUBHUM CIIOCOOOM BIIAINTYBAaHHS BY30JIy CTHKY
TpyOOOETOHHOT KOJIOHH Ta CTajIeBoi OAlIKM € BUKOPUCTAHHS KPYIINX a00 MPSMOKYTHHX (1151 KOJIOH
KBaJIPaTHOTO Iepepi3y) HAKIAAHHUX IIACTHH, SIKi 00’ €AHYIOTh BCl OalIKK OJHOTO PiBHS IO HIDKHIM
Ta BepXHIM BoJIokHaM [2]. Ile cripusie kpamomy Iepepo3noaily HanpyKeHb MK eJIEMCHTaMH NIPH
BUKJIIOYEHHI KOJIOHH i3 pOOOTH HECY4Oro Kapkaca.

1. ACTY-H B EN 1994-1-1:2010. €Bpoxox 4. IIpoekTyBaHHs CTae3ani300eTOHHUX KOHCTpyKuiil. Yactuna 1-1.
3aranpHi npasmia i mpaBuina s crnopyx (EN 1994-1-1:2004, IDT) — Yunamit Big 01.01.2014. — Kuis: JI1
«IHJAIBK», 2012. — 159 c.

2. Wenda Wang, Huawei Li, Jingxuan Wang. Progressive Collapse Analysis of Concrete-filled Steel Tubular
Column to Steel Beam Connections Using Multi-scale Model. Structures, Volume 9, February 2017, p 123-133.
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Frame joints analysis of a concrete-filled steel tube column and a steel beam in the aspect of
progressive collapse.

0. Lavskyi, postgraduate student of the Department of Metal and Wooden Structures
Kyiv National University of Civil Construction and Architecture (Kyiv)

In design special purpose buildings and structures, a special attention should be given to the
calculation of progressive collapse, it is the process of spreading the initial local damage in the form
of a chain reaction from one element to anotheer, which leads to the destruction of whole or part of
the building. Progressive collapse can be caused by damage to the main load-bearing elements of
the building, most often - the columns of the first floor, due to an explosion or ramming by a
vehicle. These emergencies are considered by the design engineer by applying equivalent loads to
one structural element or its complete elimination from the analytic model [1].

Concrete-filled steel tubes (CFST) columns have some advantages over steel and reinforced
concrete columns in terms of resistance to progressive collapse. First, bigger mechanical strength of
the CFST column compared to the equivalent cross sections of reinforced concrete or steel columns
by 50-80%. This is the result of the action of the steel tube as a holder for the concrete core, as well
as the concrete fastening of the steel pipe from the middle of the column [1]. Secondly, greater fire
resistance compared to steel columns. Third, the plastic nature of the destruction in comparison with
reinforced concrete structures, which prevents the immediate destruction of the building, and gives
time to evacuate people. Fourth, high seismic resistance of these structures.

To counteract the progressive collapse, it is recommended to use frame joints in load-bearing
building structures. It allows you to count on the redistribution of effort to neighboring load-bearing
elements when one structure is keep out.

In a frame structure made of a CFST column and a steel beam, the joint between the beam and
the column is crucial when calculating the progressive collapse. According to experimental studies,
there are four stages of the joint in this case. The first stage, called the "beam mechanism", is
present before the destruction of the load-bearing element and is characterized by the presence of
compressive stresses in the upper part of the beam and the tensile stresses in the lower part of the
beam. The neutral axis is near to the middle of the cross section of the element. The second stage,
called the "mixed mechanism", begins from the moment of emergency impact to the structural
element and is characterized by a sharp increase in tensile stresses in the lower zone of the beam.
The neutral axis is shifted upward along the cross section of the element, the zone of tensile stresses
increases, the zone of compressive stresses decreases to minimum values. The third stage, called the
"catenary mechanism", is characterized by the complete absence of compressive stresses in the
cross section of the beam. There is no neutral axis, there are only tension stresses in element. The
fourth stage, called "failure", begins from the destruction of the lower part of the beam due to
tensile forces. The stress in these places is zero, but the upper part of the beam still continues to
carry tensile forces until there is a final break.

It has been experimentally proven that an effective way to arrange the frame joint of a CFST
column and a steel beam is to use round or rectangular (for columns of square cross-section)
overhead plates that connect all beams of the same level on the lower and upper fibers [2]. This
contributes to a better redistribution of stresses between the elements when the column is excluded
from the work of the supporting frame.

1. DSTU-N B EN 1994-1-1:2010. Yevrokod 4. Proektuvannia stalezalizobetonnykh konstruktsii. Chastyna 1-1.
Zahalni pravyla i pravyla dlia sporud (EN 1994-1-1:2004, IDT) — Chynnyi vid 01.01.2014. — Kyiv: DP «DNDIBK»,
2012. - 159 p.

2. Wenda Wang, Huawei Li, Jingxuan Wang. Progressive Collapse Analysis of Concrete-filled Steel Tubular
Column to Steel Beam Connections Using Multi-scale Model. Structures, Volume 9, February 2017, p 123-133.
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Oco0,1MBOCTI MPOEKTYBAHHSI BEPTOAPOMHOI0 MaliIaHYMKa Ha Jaxy OyaiBJai

Banepin Ilepwakos, 0.m.n., npogecop
Anopin Beasmunckuii, 0.m.n., npoghecop
Onekcanopa Akmanoinosa, K.¢p.1n., npogecop

Hayuonanvnuii asiayivinuil ynieepcumem, (m. Kuig)

Buxo/stuu 3 KOHCTPYKTHBHHX OCOOJMBOCTEH BEPTOIITHOrO MalaHUMKIB Ha Aaxy OyaiBii
MOXKHa Cc(h)OPMYJIIOBATH OCHOBHI BUMOTH 110 HUX [1,2]: iHXKEHepHEe pillleHHS KOHCTPYKLIi IJIUTH
TIOKPUTTS. BEPTOJIITHOrO MaiJaHYMKA y BHUIJIAAI Oado4yHOi KIITI i3 HE3WOMHOIO ONamyOKOI Ta
peOpUCTOI0 TUIMTOI TOKPUTTS, CTIHKICTh Ta MIIHICTh KOHCTPYKIii; HEeBEJIMKa Bara; siKOMora
Oinbla MexaHizailis pooir.

Po3paxyHKOBUM U1t BEPTOJIITHOTO MaiilaHuiKa Ha Jaxy OyaiBii obpano Mi-8 sk HaiOiIbII
MOLIMPEHUH BEPTOJIT B Mexax Ykpainu. PozpaxyHkoBa MOJeNIb IPOCTOPOBOI CXEMH KOHCTPYKIIii
KapKacy BHCOTHOTO XXHUTI0oBoro OyaumHky BukoHaHa B migcuctemi (IIC) «KOMIIOHOBKA»
nporpamuoro komiuiekcy (IIK) «Monomax-CATIP» i ekcrioproBana B mporpamuuii komiuieke TTK
«JIMPA-CAIIP» [1,2], (puc.1,2).
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Puc. 1.. PesynbraTi po3paxyHKy BepToJiTHOro Maiinanunka B ITK JINPA CATIP

b i 3anpornoHoBaHo KOHCTPYKIIiFO
500+ BEPTOJIITHOTO MaiiJaHInKy i3
RAOT Fropy szumammn rosenmd BUKOPUCTAHHSAM NPO(GHACTUIY B SKOCTL
Lge -t radederwg dam sonoler -

e dawas M3 HE3WOMHOK  OMaayOKH JUIs IOCAIKU
iy 4 BEpTONLOTY Ha Aax OyaiBmi. Koedimient
8380 + 05

3amacy ~ MIIHOCTI  TOJIOBHOI  Oaiku
ctanoBuTh 1,20.

BeraHoBneHo, 1m0 HpH CyMicHiil
poOOTI  BEPTONITHOrO MaiijaHuMKa Ta
GararonoBepxoBoi OyaiBIIi BEpTONIT HE
3aBJIa€ 3HAYHOTO BIUIUBY HA HAINPY’KEHO
2¥o nehopMoBaHuii CTaH CIIOPYAN
Puc. 2. Emtopa 3ruHa’gbHUX MOMEHTIB JUIs TOJIOBHOT OAJIKK

804
2001

won

AHani3 Hanpy>KeHO-Ie(OPMOBAHOIO CTaHy CIOPYIH IiJ BIACHOIO BAaroxo Ta i3 ypaxyBaHHAM
BIUIUBY BEPTOJIITHOIO HABAHTAXKEHHS I[OKAa3ye, IO MaKCUMAJbHE MEePEMILCHHs CIOpYAW IIij
BIUIMBOM BJIACHOI Baru CTaHOBUTH 6,87 CM, a IPOTUH caMoi IUIUTU BEPTOIITHOTO MaiaHuMKa — iJ|
BIIACHOIO BArolo Ta BIUIMBOM BepTonboTy — jmie 0,18 cm.

1. Tlepmakos B. M. Beproapomu: Monorpadis / B. M. Ilepmakos, A. O. Benstunceknii, T.B. Biusmiox, H.I'.
Cemupos. — K.: Bug-so HAY, 2014.-370 c.

2. IepuakoB B. M. TIpoextyBaHHs aepoapoMHHX NOKPHUTTIB. Monorpadis. /B. M. TTepmakos, Xe IOitnins, A. O.
Bensaruncekuii, T. B. biusHiok, 3a pen. a.1.H., npod. B. M. Ilepmakosa. 2-¢ Bun. — K. : TOB HB® «CrnaByTtnu-
Jenbdiny, 2019. — 140 c.
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Helipad on the building roof design features

V.Pershakov, Doctor of Engineering, professor
A.Bieliatynskyi, Doctor of Engineering, professor
0.Akmaldinova, PhD (Philology), professor

National Aviation University, (Kyiv)

Based on the design features of the sites on the roof of a building, we can formulate the main
requirements for them [1,2]: engineering solution for the helicopter platform slab in the form of a
beam cage with fixed formwork and ribbed slab, stability and strength of the structure; light weight;
as much work mechanization as possible.

The Mi-8 was chosen as the most common helicopter within Ukraine for calculating the
helipad on the building roof. The calculated model of the spatial scheme of a high-rise residential
building frame structures is made in the "COMPONENT subsystem of the software package (SP)
"Monomakh-CAD" and exported to the SP "LIRA-CAD" software package [1,2], (Fig.1, 2).
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Fig. 1. The results of the helipad calculation in the “LIRA
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The helipad design with the use
of corrugated flooring as a fixed
formwork for landing a helicopter on
the building roof is proposed. The
main beam safety factor is 1.20.

It has been found out that with
the helicopter pad and the multi-
storey building operating together, the
helicopter does not have a significant
impact on the stress-strain state of the
structure
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Fig. 2. Bending moments diagram for the main beam

The analysis of the structure stress-strain state under its own weight and taking into account the
impact of helicopter load shows that the maximum displacement of the structure under its own weight
is 6.87 cm, and the deflection of the helipad slab - under its own weight and helicopter impact - only
0.18 cm.

1. V.M. Pershakov, A.O. Bieliatynskyi, T.V. Blyzniuk, N.G. Semyroz, 2014. Vertodromy: Monographia. Kyiv,
NAU, 370 (in Ukrainian)

2. V.M. Pershakov, He Yulin, A.O. Bieliatynskyi, T.V. Blyzniuk, 2019. Proektuvannia acrodromnykh pokryttiv:
Monographia za red. doctor technichnykh nauk, prof. V.M. Pershakov. 2-¢ vyd. Kyiv, NVF «Slavutych-Delfin», 140
(in Ukrainian)
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Po3paxyHok 3aJ1i300€TOHHOT0 €X010BOI'0 MapUIy HA BOrHECTIHKICTh i3 3acTOCyBaHHAM
YTOYHEHUX MeTOiB

Xpucmuna baimana, acnipanmka

Tapac /loneys, indcenep 3-i kamezopii

Onez Decenko, kano. mexu. HAyK, 3asi0y6ay CeKmMopy 6ocHecmitikocmi 0y0igenvHux
KOHCmMpYKYitl

Jleparcasne nionpuemcemeo «llepaicasnuti Hayko60-00CaiOHU IHCMUMym 0y0i6eibHUX KOHCMPYKYI»
(m. Kuis)

VYTo4YHEHI METOM PO3paxyHKy Ha BOTHECTIMKICTh Oy/iBEIBHUX KOHCTPYKIIH BiZOOpakaroTh
3aKOHOMIPHOCTI 1X pPOOOTH 3a yMOB BOTHEBOTO BIUIMBY mnoxexi [1, 2]. Yrtouneni meronu
PO3IIIANAIOTE PO3PAXyHKOBI MOJENI JUIi BU3HAYCHHS 3POCTAHHS 1 PO3HNOAUICHHS TEMIIEpaTypH
B KOHCTPYKUil (Temno(Qi3uuHUi pO3paxyHOK), a TaKoK MeXaHi4HOI poOOTH KOHCTPYKLIT
(ctatmuHuit  po3paxyHOK). CTaTHYHHI pPO3PAXyHOK BHKOHYEThCS JUIA TaKOi K TPHUBAJOCTI,
10 1 TEeTUI0(I3NYHUIA.

[IpaxTuuHe 3aCTOCYBaHHS YTOYHEHHX METOMIB PO3INIAHYTO Ha NPUKIALi PO3PaxyHKy Ha
BOTHECTIMKICTh 30IpHOrO 3a/1i300€TOHHOrO0 €X0/10BOr0 Mapiny. Teruodi3udHuii  po3paxyHoOK
CXOIOBOro Mapuly OyJo BHMKOHAaHO METOAAMM TEOpil TEIJIONPOBIAHOCTI, IO pealizoBaHi
y nporpamHOMy koMIutekci Ansys Workbench; cratinynuii po3paxyHOK — 30HATEHHM METOZOM [1].

3a pesyibTaTaMu TEIIO(I3MYHOrO PO3PAXyHKY IPH BOTHEBOMY BIUIMBI 3a CTaHIapTHUM
TeMIEPaTypHUM PEKUMOM IMOXKEXKi IPoTAroM 60-Tu XB OyI0 BH3HAYEHO PO3MOALT TEMIIECPATypH B
KOHCTPYKLIT CX0Z0BOMY Mapiii, TuB. puc. 1.

a) 6)

Puc. 1. Po3nonin TemnepaTypu y ¢X0I0BOMY Maplili: a) 3araJibHUi BUTIISLL; O) ONEepEeUHuid iepepiz

CraTH4HUI PO3paXyHOK CXOJOBOTO Mapily OyJo BUKOHAHO 30HAJTBHHM METOJOM 32 TaKHM
aNrOPUTMOM: PO3MOAIT IOJIOBMHM Mepepidy Ha MapajenbHi 30HH; BHU3HAYCHHSI PO3MIpiB
MIPUBEICHOTO Iepepidy; 3HIKCHHS MEXaHIYHHX XapaKTePHCTHK apMaTypH BHACTIJOK BIUIHBY
MiJBUIICHAX TEMIEpaTyp; BH3HAYCHHS 3aJMIIKOBOI HECYdOi 3JaTHOCTI MPUBEICHOTO IMepepisy;
BU3HAUCHHS PO3PaXyHKOBOTO 3yCHJULL BiJ aBapiifHOrO CIOIy4eHHS HaBAHTAXKCHB ITiJ] 4ac MOXKEXKi;
nepeBipka yMOBH 3a0€31eYeHHs HeCyqoi 31aTHOCTI.

3a pe3ynbTaTaMH CTaTUYHOIO PO3PAXyHKY 30HAJIBHMM METOAOM HeCyda 3JaTHICTb
MIPUBEACHOIO IIEpepisy CXONOBOro Mapmly cTaHoBHTh Mus=11,81 xH-m, mo mnepesuirye
PO3paxyHKOBE 3HAUCHHS 3THHAILHOIO MOMEHTY I1iJ1 yac oxexi — Meq=7,54 kH-M. Takum unHOM,
BOTHECTIHKICTB 3aJ1i300€TOHHOTO CX0/I0BOT0 MapIiry 3a0e3neyeHa.

1. €Bpokoj 2. IlpoekTyBaHHs 3aii300eTOHHUX KOHCTpYKIii. Yactuna 1-2. 3aranbHi mosokeHHs. Po3paxyHOK
KOHCTPYKIiii Ha BorHecTiikicTs (EN 1992-1-2:2004, IDT): JICTY-H b EN 1992-1-2:2012 — [Yunni 2013-07-01]. —
K.: Minperion Ykpaiuu, 2012. — 87¢c. — (Hauionansuuii craniapt YKpaiHu)

2. Po3paxyHOK 3aqi300€TOHHMX KOHCTPYKIiH Ha BOTHECTIKICTh BiamoBiaHO 10 €Bpokomy 2. IlpaktuuHnmii
noci6uuk [Texer]: / B.I'. TToknoncekwuii, O.A. @ecenko, B.I'. Tapaciok Ta in. — Kuis: Inreprexuomnoris, 2016 — 83 c.
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Fire resistance analysis of reinforced concrete stair using advanced methods

K. Baytala, postgraduate student
T. Donets, 3 category engineer
0. Fesenko, PhD (Tech.), head of the sector for the fire resistance of building constructions

The State enterprise “The State research institute of building constructions” (Kyiv)

Advanced calculation methods for the fire resistance of building structures reflect the patterns
of the behaviour of structural members under fire conditions [1, 2]. Advanced methods consider
computational models to determine the growth and temperature distribution within the structural
members (thermal response calculation), and also mechanical behaviour of the structural members
(mechanical response calculation). Mechanical calculation is performed for the same duration, as
thermal.

The practical application of the advanced methods is considered on an example of the fire
resistance calculation of a prefabricated reinforced concrete stair. Thermal response calculation
of the stair was performed by methods of thermal conductivity theory, implemented in the Ansys
Workbench software; mechanical calculation — by the zone method.

The temperature distribution within the stair construction was determined as the result of
thermal response calculation for 60 minutes in standard fire exposure, see Fig. 1.

a) b)
Figure 1. The temperature distribution within the stair construction: a) general view; b) cross section

Mechanical response calculation of the stair was performed with the zone method by the
following algorithm: to divide the half of the cross section into parallel zones; to determine the sizes
of the residual cross section; to reduce the characteristic strength of reinforcing steel at elevated
temperature; to determine the reduced load-bearing capacity of the residual cross-section;
to calculate load combination in the fire situation; to compare the ultimate load-bearing capacity
with the design load effect in the fire situation.

The ultimate load-bearing capacity of the reduced cross-section of the stair is Mu=11,81
kNm, which exceeds the design value in fire situation of the bending moment Meqi=7,54 kNm.
Thus the fire resistance of the reinforced concrete stair is satisfied.

1. Yevrokod 2. Proektuvannia zalizobetonnykh konstruktsii. Chastyna 1-2. Zahalni polozhennia. Rozrakhunok
konstruktsii na vohnestiikist (EN 1992-1-2:2004, IDT): DSTU-N B EN 1992-1-2:2012 — [Chynni 2013-07-01]. —
K.: Minrehion Ukrainy, 2012. — 87s. — (Natsionalnyi standart Ukrainy)

2. Rozrakhunok zalizobetonnykh konstruktsii na vohnestiikist vidpovidno do Yevrokodu 2. Praktychnyi posibnyk
[Tekst]: / V.H. Poklonskyi, O.A. Fesenko, V.H. Tarasiuk ta in. — Kyiv: Intertekhnolohiia, 2016 — 83 s.
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Oco0,1MBOCTI MPOEKTYBAHHSI CTAT€321i300e TOHHUX KOHCTPYKIiii
srigno JICTY-H B EN 1994-1

Muxaitno Iocmepnaxk, doyenm kagpedpu 3anizodemonHux ma Kam ssHux KOHCMpPYKYitl
Onexciit Ilocmepnak, acucmenm xagedpu 3anizodemonnux ma Kam iHux KOHCMPYKYitl

Kuiscoruii Hayionanvuuil yrisepcumem 0yoisnuymea i apximekmypu (m. Kuig)

Meroro npocnijukenns € aHamiz 3actocyBanHs JICTY-H B EN 1994-1-1 no pospaxyHKy Ta
MPOEKTYBAHHS  CTAIE3ai3006TOHHUX ~ KOHCTPYKLIM 1 BH3HAuU€HHsS e(QEeKTUBHOrO BHOOpPY
KOHCTPYKTHBHHX €IIEMCHTIB.

CrpiMKuid po3BUTOK Gi3HECY B Hamlii KpaiHi OTpeOye MIBHAKOTO OYAiBHUITBA Ta BIIKPHTTS
HOBHUX O13HEC-LIEHTPIB TOPrOBEJIbHUX Ta CHOPTUBHUX KOMIUIEKCIB 110 0OCITyTrOBYBaHHIO HACEJICHHSI.
ByniBHUITBO JIOTICTHYHMX LEHTPIB, NPOMUCIOBHX Ta arpOIPOMHUCIOBHX CIOPYA UL
BHUPOIIYBaHHS CLIbCHKOTOCIIONAPCHKOT MpoayKuii ii mepepoOku Ta 30epiraHHs moTpedye
CKOpPOYEHOr0 TepMiHy OyIIBHUIITBA Ta MOXJIMBOCTI IepeoOJiaiHaHHs ICHYI0UNX OyAiBesb mmij 1HII
TeXHOJOril BHUPOOHHMITBA. TOMy 3acTOCYBaHHS JICTKMX Ta e(EKTHBHHX EJIEMEHTIB JUISL
HECTaHJAPTHHUX ITPOJILOTIB B OYIBISIX Ta CIOPYAAX Ja€ MOMJIMBICTH 3HAYHO CKOPOTUTH TEPMiHU
OyIiBHUITBA Ta 301IBIINTH CKOHOMIUHUH edekT. HasBHA TEHACHIS MIPHHOCHTH B HAIIY IPAKTHKY
cTaie3ani300eTOHHI KOHCTPYKIIii, SIKi JTO3BOJISIFOTBCS 3a PaxyHOK CyMiCHOI poOOTH OTpuUMaTH
e(exTuBHI KOHCTPYKUii 31 3MEHIICHHSIM MAaTepiaJOeMHOCTI, 3a0e3ledyroun BCi HOPMAaTHBHIH
BUMOTH IO TIPOCKTYBAaHHS Ta BUTOTOBJICHHS OyIiBEIbHNX KOHCTPYKIiH. Taki HOBI KOHCTPYKTHBHI
€JIEMEHTH BUKOHAHI 31 CTane3aliz00eToHy J03BOJISIOTh JOMOBHUTH MTO3UTHBHI SIKOCTI MaTepialiB sk
cTaji TaK i 3amizo0eTony. Tak BIamTyBaHHs Kapkacy Oy/iBIi 3 3aCTOCYBaHHSIM CTale3ali300eTOHY
HaBeJICHOro Ha pwuc.l MigBHUILYe BOTHECTIHKICTh Ta JKOPCTKICTH OyJiBiIi. A BialITyBaHHS
NEepPEeKpUTTS 3 3aCTOCYBAaHHSAM CTale3ali300€TOHy HAaBEACHOIO Ha pHC.2 IiBHIIY €
CeHCMOCTIHKICTh Ta BOTHECTIHKICT Oy iBIIi.

Puc.1 — Ilpuknan BramryBaHHs Kapkacy Oyaiimi i3 Puc.2 — IIpukiaj BlamTyBaHHs IEPEKPUTTS 3
3aCTOCYBAHHS CTaJIC3a/1i300€TOHUX KOHCTPYKILiH. cTane3ai300e TOHHUX KOHCTPYKIIiH

bazoBuM 1OKYMEHTOM [yl MPOEKTYBAHHS CTAJe3a/1i300€TOHHUX KOHCTPYKLIl B YKpaiHi €
JBH B.2.6-160:2010 «Crane3ani3o0eToHHI KOHCTPYKILii», KOTPUH Ma€e JIMIIE OCHOBHI MOJIOXKEHHS
JI0 PO3paxyHKy Ta MpoekTyBaHHs. binbin nosry indopmarito Haseaeno B JICTY-H B EN 1994-1-1
«[IpoekTyBaHHs cTane3aai300€TOHHUX KOHCTPYKILIH. 3arajibHi mpaBuiIa 1 mpaBWia JUIS CIIOPYA»,
xotpuii 3 2018 poky HabpaB YMHHOCTI, SIK Oy/IiBeJIbHI HOPMH, L0 TaPMOHI30BaHI 3 HOPMAaTUBHUMH
nokymentamu €C. Came BUKOPUCTAHHSI LUX OyJiBEJIbHUX HOPM Ja€ MOJMJIMBICTH B IOBHIH Mipu
PO3paxoByBaTH 1 IPOEKTyBaTH CTale3ali300€TOHHI KOHCTPYKWii Ta OTPHMYBAaTH JOCBig B
3a3HaueHil cepi MPOeKTyBaHHSI.

OT)Ke BUKOPHUCTAHHS CTale3ali300eTOHHUX KOHCTPYKLIH € NepCHeKTHBHUM HanpsiMOM B
OyMiBHHIITBI 1 TOTpeOy€ TOJATKOBUX HAYKOBHUX JIOCIIIKEHb.

1. JICTY-H B EN 1994-1-1:2010 €spoxox 4. IIpoektyBaHHs cTaae3ani300eTOHHUX KOHCTpyKitiit. Yactuua 1-1.
3aranpHi npaBmia i npasuiIa uist cropya. 3mina Ne 1 (EN 1994-1-1:2004, IDT)
2. JIBH B.2.6-160:2010 Koucrpykuii 6yanHkiB i ciopy. Crane3anizo0eToHHi KOHCTPYKILi. OCHOBHI TTOIOKEHHS.
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Features of design of composite steel and concrete structures
according to DSTU-N B EN 1994-1

M. Posternak, Associate Professor of Reinforced Concrete and Stone Structures
O. Posternak, Assistant of the Department of Reinforced Concrete and Stone Structures

Kyiv National University of Construction and Architecture

The purpose of the research is to analyze the application of DSTU-N B EN 1994-1-1 to the
calculation and design of composite steel and concrete structures and determine the effective choice
of structural elements.

The rapid development of business in our country requires the rapid construction and opening
of new business centers, shopping and sports complexes to serve the population. The construction
of logistics centers, industrial and agro-industrial constructions for growing agricultural products for
processing and storage requires a reduced construction period and the possibility of converting
existing buildings to other production technologies. Therefore, the use of light and efficient
elements for non-standard spans in buildings and structures makes it possible to significantly reduce
construction time and increase the economic effect. The current trend brings to our practice
composite steel and concrete structures, which are allowing us by working together to obtain
efficient structures with reduced material consumption, providing all regulatory requirements for
the design and manufacturing of building structures. Such new structural elements made of steel
and concrete allow to supplement the positive qualities of both steel and reinforced concrete
materials. Thus, the constitution of the frame of the building with the use of reinforced concrete
shown in Fig.1 increases the fire resistance and rigidity of the building. And the device of
overlapping with use of reinforced concrete shown in Fig.2 increases seismic resistance and fire
resistance of the building.

Fig.1 - Example of the device of the building frame Fig.2 - Example of the device of the floor of
using composite steel and concrete structures. composite steel and concrete structures

The basic document for the design of reinforced concrete structures in Ukraine is DBN B.2.6-
160: 2010 " Composite steel and concrete structures ", which has only the basic provisions for the
calculation and design. More detailed information is given in DSTU-N B EN 1994-1-1 " Design of
composite steel and concrete structures. General rules and regulations for buildings ", which came
into force in 2018 as building codes that are harmonized with EU regulations. Using of these
building standards exactly codes makes it possible to fully calculate and design composite steel and
concrete structures and gain experience in this field of design.

Therefore, the use of composite steel and concrete structures is a promising area in
construction and requires additional research.

1. DSTU-N B EN 1994-1-1:2010 Yevrokod 4. Proektuvannya stalezalizobetonnykh konstruktsiy. Chastyna 1-1.
Zahal'ni pravyla i pravyla dlya sporud. Zmina Ne 1 (EN 1994-1-1:2004, IDT)
2. DBN V.2.6-160:2010 Konstruktsiyi budynkiv i sporud. Stalezalizobetonni konstruktsiyi. Osnovni polozhennya.
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Oco0mBoCTi po3paxyHKy OyaiBeJib i clIOpy/ 3 ypaxyBaHHSIM CTa/liii 3BeleHHsI

Jeonio Ckopyk, Kano.mexu.Hayk, ooyenm Kageopu 3aniz00emonnux ma Kam SiHux
KOHCMpYKYitl

Kuiscoruii Hayionanvuuil yrisepcumem 0yoienuymea i apximekmypu (m. Kuig)

Jns cydacHHX CKIAaIHUX OyaiBedb 1 CHOpPYZA, SK NPaBUIO, KOHCTPYKTHBHA CXeMa
00yMOBITIOETBCS HE TIIBKU €KCIUTyaTalliiHOT CTali€elo, a i CTaiero 3BeeHHS.

VY mpomeci 3BeJeHHA KOHCTPYKTHBHA CXEMa CIOPYIM MOXE 0araTopa3oBO 3MiHIOBATUCH:
BiJIOYyBa€ThCsSl yCTAaHOBKA a00 BHJIAJCHHS EJIEMEHTIB; BBEACHHs ab0 3HATTS 30BHILIHIX, a0o0
BHYTPIIIHIX 3B'S3KiB; NPHUKIAJaHHSA a00 3HATTS HaBaHTAKEHb; 3MiHA XapaKTEPHCTHK >KOPCTKOCTI
BI)KE BCTAHOBJICHHX €IEMEHTIB (TIPH 3BEACHHI 3a1i300€TOHHUX KOHCTPYKIIiH, K MPaBHJIO, onanyoka
3HIMAEThCS 3HAYHO paHillle JOCSTHEHHsS OSTOHOM MPOEKTHOI MIIHOCTI i OETOH JoOHpae MillHICTh
I1i]] Yac 3BEJCHH).

OcrarouHa cxema 30y/10BaHOT KOHCTPYKIIii ITamM'siTae iCTOPito 3BECHHS 1, SIK MPABUIIO, B Hil €
JIOKANbHI 3yCWUIsl 1 Hanpyrd, ski Oynu O BinCyTHi, skOM KOHCTpyKuisi Oyna O 3BeneHa
OJHOMOMEHTHO. Bce e MokHA BpaxyBaTH IIPH PO3paxyHKy Oy[iBeslb 3a JOIOMOTOI0 CYYacHHX
PO3paxyHKOBUX KOMIUIEKCIB.

Tomy npouec 3BeeHHst OyAiBii a00 CIOPYIU NPH PO3paxyHKY pO30MBAEThHCS HA MEBHI cTail.
Ipu nboMy Ha KOXHIN cTazii 3BefCHHS HEOOXiTHO BPaXxOBYBAaTH YMOBH 3aKpiIUICHHS, JKOPCTKICTh
€JIEMEHTIB, YMOBH 3’ €JIHAHHS €JIEMEHTIB MK C00010 (LIapHipHO a00 )KOPCTKO), YMOBH OIMPAHHS HA
IPYHT i T.0., IO B KIHIIEBOMY paxyHKy BIUIMBAa€ Ha HampyxeHo-nedopmoBanuit cran (HJC)
OyxiBii sik Ha OKpeMo B3sitoMy etari Tak 1 Ha H/IC Oyaieni B misomy. [1ist KOKHOI cTajii 3BeJCHHS
3a/Ia€ThCSl HABAHTA)KCHHsI (BJIACHA Bara, MOHTQKHI HABAHTAXCHHsI), sIKi MIIOTh HA JaHIi crajii.
KoxxHiii crajii 3BeIeHHS TOBUHHO BIAMOBIAATH CBOE MOHTA)XKHE HABAHTA)KEHHSI.

— = =
Puc. 1. Imoctpanis pexumy «MonTax» npu BuzHaueHHi HJ/IC 114 mig3eMHOI CTiHH.

3a 10noMorow pexumy «MOHTax» MOXHA «3JI0OBUTH», HAIPHKIAJ, cuTyauito (puc. 1),
KOJH I mig3eMHoi cTiHu Haifripma curyanis 3 HJIC Oyne Ha paHHIX eramax 3BeA€HHS (TLIBKH
MPU BUTHHI B TUCKY TPYHTY), HIK IIPU MOBHICTIO 3BEJCHOMY OYJMHKY, KOJIM CTiHA HalpyKeHa
HABaHTAXCHHAM BiJl BUILIC PO3TALIOBAHUX NOBEPXiB (CTHCHEHHS 3 BUTHHOM).

Takox 3a JOIMOMOrolo pexuMy «MOHTaX» MOXKHa KOPEKTHO 3MOJCITIOBATH HMOBEIIHKY
IPYHTY NpU TPUBAIMX 1 KOPOTKOYACHHX HABAHTAKCHHSIX Ha OYAIBIIO, L0 MO3HAYAETHCS HA
BU3HAYCHHI Koedimienra nocremi C1.

Tomy po3paxyHOK OyJiBenb 1 CIOpyX 3a JIOMOMOTOK pexuMy «MOHTax» € OuIbIl
HaOIIDKEHUM 10 PeaabHOI poOOTH KOHCTPYKIIIH.

1. JIBH B.2.2-41:2019 BucotHi 6yxisni. OcHoBHi monoxenns. Minperion Ykpainu, 2019.-53c.
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Features of calculation of buildings and constructions taking into account stages of
construction

L. Skoruk , candidate of technical sciences, Associate Professor, Department of Reinforced
Concrete and Stone Structures

Kyiv National University of Construction and Architecture

For modern complex buildings and structures, as a rule, the structural scheme is determined
not only by the operational stage, but also the stage of construction.

In the course of construction the constructive scheme of a construction can change many
times: there is an installation or removal of elements; introduction or removal of external or internal
connections; application or removal of loads; change of characteristics of rigidity of already
established elements (at erection of reinforced concrete designs, as a rule, the timbering is removed
much earlier than achievement by concrete of design durability and concrete selects durability
during erection).

The final scheme of the constructed structure remembers the history of construction and, as a
rule, it has local efforts and stresses which would be absent if the design would be erected
simultaneously. All this can be taken into account when calculating the buildings with the help of
modern calculation systems.

Therefore, the process of erection of a building or structure in the calculation is divided into
certain stages. At each stage of construction it is necessary to take into account the conditions of
fastening, rigidity of elements, conditions of connection of elements among themselves (hinged or
rigid), conditions of leaning on the ground, etc. that ultimately affects the stress-strain state (SSS)
buildings both at the individual stage and on the VAT of the building as a whole. For each stage of
construction the load (own weight, assembly loadings) operating at this stage is set. Each stage of
construction must correspond to its montage load.

—_— — L
—
I
Fig. 1. Illustration of the "Montage" mode when determining the SSS for the underground wall.

With the help of the "Montage" mode you can "catch", for example, a situation (Fig. 1), when
for the underground wall the worst situation with VAT will be in the early stages of construction
(only when bending from soil pressure) than in a fully erected house when the wall strained by the
load from the upper floors (compression with bending).

Also with the help of the "Montage" mode it is possible to correctly model the behavior of the
soil under long-term and short-term loads on the building, which affects the determination of the
coefficient of the bed C1.

Therefore, the calculation of buildings and structures using the "Montage" mode is closer to
the actual operation of structures

1. DBN V.2.2-41:2019 Vysotni budivli. Osnovni polozhennia. Minrehion Ukrainy, 2019.-53s.
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Buxopucranusi MyQpToBHUX 3’€AHAHb 30iPHO-MOHOJIITHUX CTOBMYACTUX (pyHIaMEHTIB

T'ennaoin Tonkauees, 0oxmop mexu. Hayk, npogecop kagedpu 6ydigenbHUx MexHon02il
Kamepuna Hocau, acnipanm

Kuiscoruti nayionanvruil ynieepcumem oyoienuymea i apximexmypu (m. Kuis)

KapkacHi criopyau, BiJBeeHI B MOAAIBIIOMY ITiJ{ HOTpeOU BUPOOHULITBA, aMiHICTPATHBHHUX
OyiBelb, TOPrOBUX IUIOII, a00 JIOTICTHUKH XapaKTepU3yThCsS BUCOKMMHU TEMIIaMU OYy/IiBHUIITBA Ta
BHMOTaMH JI0 BIJIHOCHO HEBEIIUKOI CO0iBapTOCTi OyAiBeNnbHUX poOiT. OJHUM 3 (HaKkTOpiB, IO MOKE
YCKJIQIHUTH XiJ OYyIiBHHITBA € HAsBHICTb IPYHTOBHUX BOA B KOTJIOBaHi, A€ HepeadadyacTbCst
BIAalITYyBaHHs (QyHAaMeHTy. ko OyIiBHUITBO IUIAHYETbCS Ha JUISIHKAX, CXWIBHUX JI0
MiATOIUICHHSI IPYHTOBUMH BOJIAMH, TO HEOOXIIHO rependavaT 3armoObKHI 3aX0IU K Ha IMEepioj
OyaiBenbHUX pOOIT, Tak 1 Ha mepioj ekciutyaramii cropyau. [1]. 3axoam, m0 crnpsiMOBaHI Ha
BIJIBEJICHHSI BOAM B KOTJIOBaHI — TOJIKO(IIBTPOBI YCTAHOBKH, HACOCH, IIMYHTOBA OTOpOXKa €
BapTICHUMH, TOX JUIS TAKUX YMOB HaWOiIbIIe MiAXOANTH 30ipHA Ta 301pHO-MOHOJIITHA TEXHOJIOTIs
BJIALITYBaHHS ()yH/IAMEHTIB, 1110 3HAYHO CKOPOTHTh TPUBAIICTH OY/[IBHUIITBA Ta 3MEHIIUTH BUTPATH
TPYAOMICTKOCTI.

MoHTaX IUIMTHOI YacTMHU (YHAaMEHTY BHKOHYEThCS 3 IONEPEIHBOIO TiAPOi30JISILiEr0
HWKHBOT Ta OOKOBHX MOBEPXOHB, HAIPHUKJIA] BKPUTTSIM OITYMHMMH MacTHKaMH. BepxHs yactuHa
IUTUTH MOYKe OYTH BKpHTA TifPOi30JALIHHIMH PO3UHMHAMH THUITYy «IIEHETPOH». MOHOITHA YacTHHA
(yHIaMEHTY BIAIITOBYETHCS IICJSI MOHT@Xy KOJOHH. JIJIi IIbOro 1O MOHTaXy KOJOHH CIIij
BCTAHOBUTU KOHIYKTOP-ONAITyOKy (po3poOKa aBTODIB), SIKMil ()YHKLIOHAJIBHO NPH3HAYAETHCS SIK
JUIS TUMYAacOBOTO 3aKpIIJICHHS 1 BUBIPEHHs KOJIOHH, TaK 1 /Ui OCTOHYBaHHS BEPXHbOI YaCTUHU
¢ynnamenty. Konaykrop-omamyOka IITBHO NPHIATae A0 MOBEPXHI IUIMTH 1 JO3BOILE 3a
JIONIOMOT'0I0 IIPOCTOr0 HAcocy BijkauyBaTH Boxy. IIpoGieMHe NUTaHHS TOJIATAE y TOMY, IO
HAsIBHICTb KOHJYKTOpa-omnanxyOku 1 moTpebda y moeqHaHHi craporo (30ipHOro) 0eToHy 3 HOBUM
YCKIIQIHIOE 3’€IHAHHA apMaTypHHX CTPIDKHIB MOHOJITHOI Ta 30ipHOI dYacTHHH (QyHIAMEHTY.
3acrocyBaHHs My(GTOBUX 3’€[HAaHb BHpilIye [0 Tpobiemy. [Ipu BUTrOTOBIEHHI 30ipHOI IUTUTH
(GyHIaMEHTy Ha 3aBOAI B ONATyOKy 3aK/IaJaroThCsl BEPTHKANbHI My(TH. ApPMyBaHHSA BEPXHBOL
YaCTUHU (PYHJAMEHTY BHKOHYIOTh CTPIDKHSAMH 3 Pi3b0OI0 Ha KIHIIX HULIXOM 3aKpy4yBaHHS X y
mydru. Ilicns MoHTaxy 30ipHUX eJeMEeHTIB (pyHIaMEHTHOI IUIMTH Ta CTaKaHy Ta BIIAIITYBAHHS
3'eIHaHb HEOOXITHO BUKOHATH O0OB'SI3KOBY T'1/IPOi30JISIIII0 SJIEMEHTIB.

BucnoBku:

1. 3anponoHOBaHa TEXHOJIOTIS BIAMTYBAHHSA CTOBOYACTUX (yHIAMEHTIB 30ipHO-MOHOIITHOL
KOHCTpPYKLIT 31 3’€HAHHSAM apMaTypHOTO KapKacy BEPXHBOI MOHOJITHOI YaCTHHU 3 Pi3bOOBHUMH
MydramMmu HHKHBOT 301pHOT YaCTUHU Ticis il MOHTaXy 1 MOHTa)Ky KOJIOHH B KOHJIYKTOpi-onaiyoui,
dKa JO3BOJSIE HE TLNBKM TUMYACOBO TPHMATH 1 BUBIPATH KOJOHY, aje U BifKadyBaTH BOAY 1
OCTOHYBAaTH B ONAIYOLI BEPXHIO YaCTHHY (DYHIAMEHTY.

2. TexHonorisi MOHTaXy KOHCTPYKLiH KapkacHOi Oy[iBii 3 BUKOPHCTaHHSIM CTOBOYACTHX
30ipHO-MOHOJITHUX (YHIAMEHTIB MPUCKOPIOE MPOLIEC 3BEIACHHS 3aBISIKM TOMY, L0 OCTOHYBaHHS
BEPXHbBOI YACTUHU (PYHJAMEHTY BHUKOHYETBCS MICIISI MOHTaKY KOJIOH, PUIeNIB i IUIMT NEPEKPUTTSI.
Ilpn npomy OeTOHyBaHHA 1 BHUTPUMKA OCTOHY HE 3HAXOAATHCI HA KPUTHYHOMY IILIAXY.
3MEHIIYIOThCSI BUTPATH TPalli Ta BapTIiCTh BIAIITYBaHHS KapKacy OyIiBellb B yMOBaX IPHCYTHOCTI
BOJIM B KOTJIOBaHAX, JIe Mepe10ayacThCsl BIAITYBaHHS (pyHIaMEHTY.

3. Y 36ipHOMY BapiaHTi 32 BUKOPHCTaHHS My(]T 3a0e3reuyeThesi Oubin TouHe [2] 3’ €qHaHHS
€JIEMEHTIB (hYH/IAMEHTY, a TAKOXK I10JIaJIbIIIa 130JIs11isl METaJIeBUX JieTaneil 0ETOHHUM PO3YUHOM, 1110
BIZITIOBi/la€ KOHCTPYKTHUBHIM BUMOTaM (DyHIaMEHTIB.

1. IBH B.1.1 -25-2009. TrkeHepHuii 3aXUCT TEPUTOPIid Ta CIIOPY/I BiJl MiATOIUICHHS Ta 3aTOIUIeHHs. [YHHHUIA Bif
2011-01-01] Bunan. Odin. Kuis : Minperiondyxn Ykpaiuu, 2010. 52 c.

2. Jlencbka JLLA. CtukoBi 3'eaHaHHs 30ipHMX KOHCTPYKUiif Ta mpoGieMu —3a0e3MeYCHHs TOYHOCTI MOHTAXKY
KapkaciB OyanHKiB. MicToOyyBanHs Ta TepuTopiaibHe mwianyBanns. 2015. - Bum. 55. - C. 249-257.
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Couplings in precast and precast-monolitic column foundations

G. Tonkacheev Doctor of Technical Science, professor of the Department of Building
technologies
K. Nosach, Postgraduate

Kyiv National University of Construction and Architecture

Frame structures set aside for the needs of production, office buildings, retail space, or
logistics are characterized by high construction rates and requirements for relatively low cost of
construction work. One of the factors that can complicate the course of construction is the presence
of groundwater in the pit, where the foundation is planned. If construction is planned in areas prone
to groundwater flooding, it is necessary to provide precautions for both the construction period and
the period of operation of the structure. [1]. Measures aimed at drainage of water in the pit - needle
filters, pumps, sheet piling are expensive, so for such conditions are best suited prefabricated and
prefabricated monolithic technology of foundations, which will significantly reduce the duration of
construction and reduce labor costs.

Installation of the slab part of the foundation is performed with preliminary waterproofing of
the lower and side surfaces, such as bituminous mastic. The upper part of the plate can be covered
with waterproofing solutions such as "penetron". The monolithic part of the foundation is arranged
after the installation of the column. To do this, before the installation of the column should be
installed conductor-formwork (developed by the authors), which is functionally intended for
temporary fixing and calibration of the column, and for concreting the upper part of the foundation.
The conductor-formwork closely adjoins a plate surface and allows to pump out water by means of
the simple pump. The problem is that the presence of a formwork conductor and the need to
combine the precast concrete with the new complicates the connection of the reinforcing bars of the
monolithic and prefabricated part of the foundation. The use of couplings solves this problem. In
the production of prefabricated foundation at the factory in the formwork laid vertical couplings.
Reinforcement of the upper part of the foundation is performed by threaded rods at the ends by
screwing them into couplings. After installation of prefabricated elements of a base plate and a glass
and the device of connections it is necessary to execute obligatory waterproofing of elements.

Conclusions:

1. The proposed technology of installation of columnar foundations of prefabricated monolithic
structure with the connection of the reinforcing frame of the upper monolithic part with threaded
couplings of the lower prefabricated part after its installation and installation of the column in the
conductor-formwork, which allows not only to temporarily hold and to pump out water and to
concrete in a timbering the top part of the base.

2. The technology of installation of frame building structures using columnar prefabricated
monolithic foundations accelerates the erection process due to the fact that the concreting of the
upper part of the foundation is performed after the installation of columns, crossbars and slabs. At
the same time concreting and endurance of concrete are not on a critical way. Labor costs and the
cost of installing the frame of buildings in the presence of water in the pits, where the installation of
the foundation.

3. In the prefabricated version of foundation, the use of couplings provides a more accurate [2]
connection of the foundation elements, as well as further insulation of metal parts with concrete
mortar, which meets the design requirements of the foundations.

1. Inzhenernyj zakhyst terytorij ta sporud vid pidtoplennia ta zatoplennia. [Engineering protection of territories
and buildings from flooding and inundation] - 2010 - DBN V.1.1-25-2009 from 01 Jan 2011. Minrehionbud
Ukrainy. Kyiv. Ukraine.

2. Lepska L. A. Stykovi z'iednannia zbirnykh konstruktsij ta problemy zabezpechennia tochnosti montazhu
karkasiv budynkiv — 2015 - Mistobuduvannia ta terytorial'ne planuvannia, Issue 55, pp. 249-257.
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CyuacHi eneproedgexkTHBHi TeXHOJIOTl B 0y 1iBHUITBI

Isan Hasapenxo.", doxm. mexu. nayx, npog., 3as. kagedpu mawiun i 061a0uanms
MEXHON02IYHUX npoyecis, npe3udenm ABY

Isan Iepezineyv?., k.m.1., dupekmop HayKoeo-mexuiunozo yenmpy ABY

B. Cnrocap’, suxnaoay incmumymy inHosayiiinoi oceimu

TKuiscoutl nayionanvnuii ynieepcumem 6yoienuymea ma apximexmypu,
2Axademia 6yoienuymea Yrpainu
3IHO Kuiscbko2o nayionanvrozo yuisepcumemy 6yoigHuymea ma apximexmypu

ByniBenbHa rany3p noTpedy€e IIMPOKOrO 3aCTOCYBAaHHS Cy4YacHUX eHeproe()eKTHBHUX,
IHHOBaLIffHUX TEXHOJOTIH, fKi MaloTh BHpILIyBaTH NPOOJIEMH EKOHOMIl €HepreTHYHHX BHTpAT,
3a0e3MeueHHs SKOCTI  BHUKOHYBaHUX pOOIT, edeKkTHBHOro, eHeproouiagHoro mpouecy. Cepen
HaWO1NbII e()eKTHBHUX TEXHOJIOTIH cydacHOCTI € iHdopManiiine MoxemroBanHs Oyaisens (BIM) ,
IO sABIIsIE c000r0 TM(pPOBE TpeACcTaBICHHs Bi3NIHUX | QYHKIIOHAIBHUX XapaKTEPUCTHK 00'€KTa.
BIM - ne 3aranpHuii pecypc 3HaHb Uil OTpUMaHHs iH(opmauii npo 00'€KT, SIKMH CIIYXHTh
HaJiHOI0 OCHOBOIO IJIsI IPUIHATTS PillleHb IPOTATOM HOTr0 JKHTTEBOTO IUKITY, SIKMH BU3HAYA€THCS
SIK ICHYIOYHMH BiJl caMOi paHHBOI KOHIeNuii 10 3HeceHHA. OcHOBHUMH mnpuHIMNamu BIM e:
KOPUCHOCTI iH(opMaiii B MOJENi; MPOLECHOI €JHOCTI; MOBHOTH JKUTTEBOTO IMKIY AaKTHBIB,
ICTOPUYHOCTI;  CNIAJKYBaHHA; CHUCTEMHOCTi;  iH(GOpMALiMHOI  JTOCTYIHOCTi;  JOCTaTHOCTI;
iHTerpoBaHocTi; iH(popManiiiHOT Oe3rneku Ta BIAKPUTOCTI AaHuX. [HpopMmariiiHe MoJeTIOBaHHS
OyIiBenb po3MHMpIOE 11e 32 Mexki 3D, 30UIBIIYI0UN TPHU OCHOBHHUX IPOCTOPOBHX BUMIpH (IIMPHHY,
BHCOTY 1 TITMOMHY) 3a JJOIIOMOTOO ITOKa3HUKA Yacy B SIKOCTI yeTBepToro Bumipy (4D) i BapTicTio B
sikocTi m'saroro (SD). 30BciM HeIaBHO CTANO MPAKTUKYBATHCS BBEACHHS IIOCTOTO BUMIpY (6D), mo
MPECTABIISIE ACTICKTH HABKOJIUIIHBOIO CEPEIOBHIIA 1 CTIMKOCTI Oy1iBesb, i CbOMOTO BUMIpPIOBAHHS
(7D) nnst ynpaBiiHHS 00'€KTaMU IPOTATOM BCHOI'O TEPMiHY CIIy)KOHM, XO4a ICHYIOTh CyIepedsIHBi
BU3HAUCHHS U IUX BHUMiproBaHb. Tomy BIM oxorumoe 6inbiue, Hix mpocTo reomerpito. Bin
BpaxoBye 0e3iiu (haKTopiB, HAPHUKIIAJ, IPOCTOPOBI BiTHOCHHH, aHAJI3 BUCBITJICHHs, reorpadiuny
iHpopMmalio, a TaKkoXK KIIbKICTh 1 BJIACTMBOCTI KOMIIOHEHTIB OyJiBIi (Hampukian, aeTanti
BUPOOHHKIB).

Bnpoamkenns iHndopmaniiHoro mojaenmtoBanHs( BIM) Hamae TeXHIYHYy MOXKIIMBICTB ISt
mepexony Bil TPaAULIHHOrO IpoLecy yNpaBIiHHS iH(popMamiero (YMOBHO, BiJ IAIepOBUX HOCIIB
iHopmanii 10 mUGPOBHX) O CTBOPEHHS EKCIIEPTHHUX MOJIENEH 3a/Uls ONTHMi3amil KIFOYOBUX
MMOKA3HUKIB Ha BCIX eTanax )KUTTEBOTO LUKITY 00 €KTiB. 3acTocyBaHHs IM(POBOI TpaHchopmarii B
OyIiBEBHOMY CEKTOPi XapaKTepPHU3YEThCA IMOETHAHHSAM ICPEIOBHX TEXHOJOTIH Ta IHTErpamui€ero
¢Gi3nmuHnx Ta 1MQPOBUX CHCTEM Ta iX BIUIMBOM Ha HAaBKOJHMIIHE CEPEJOBHINE Ta
eHeproe(ekTUBHICTh. POpPMyYI0UH Ta BUKOPUCTOBYIOUH €HHE iH(OpMALiliHE I0JIe, BIPOBAKYIOUH
Ta 3aCTOCOBYIOUHM TexHouorii Ta mizxoxu BIM, OyniBHHITBO OTpUMYE MOXIIHBICTH CYTTEBO
3MEHIIMTH HEraTHBHI HACIIJKM, BUKJIMKAHI 3arajbpHO0 (parmeHTtanicto ramysi. Cranaaprusais,
yHi(iKOBaHICTh HU(PPOBUX IPOLECIiB Ta €AWHI "NpaBmia Ipu" TO3BOJATH OLIbIIC Ta SKiCHIIIE
IHTErpyBaTy Malli Ta Cepe/iHi MAMPUEMCTBA JI0 IHBECTULIIHHO-0Y 1IBEIBbHOI JISUTBHOCTI, TIOKPALIUTH
IXHIO e(EKTHUBHICTh Ta B3a€EMOJII0 3 3aMOBHUKOM 33 PAaXyHOK CTBOPECHHS OUIBII IIPO30OPHX Ta
Y3TOJDKEHNX MEXaHi3MiB 0OMiHy, a TaKOX KepyBaHHs iH(OpMaIli€lo MPOTATOM JKHTTEBOTO IHKITY
o0'exra.

1.Hazapenko LI. Cunepretmunuii eeKT KIACTCPHUX IOMOOYAIBHHUX CTpATCriii )KUTIOBOTO CEKTOPY YKpaiHH B
YMOBAX COLIAJILHO-EKOHOMIYHNX TpaHcdopmariiii. MikHapogHa HaykoBo-TexHiuHa koHdepeniis «Edexrusni
TeXHOJIOTii B OyMiBHHUITBI». Te3n nonosizeii. — [{HinmponeTpoBchbk, 2016.

2. Haszapenxo LI, CaBuubkmit M.B., Kipioxin M.M, Tleperinens LI, Kyniuenko H.€Bponeiicbkuii mocBix
BrpoBa/pkeHHs BIM Texnomoriii B OyniBenbHiii ramy3i. HoBi Texnomorii B OyaiBuurtsi. BIM. [locBix Ta
HEPCIEeKTUBU BIIPOBAUKEHHs OyAiBenbHUX iH(opMaiitnux Texuonoriit. Tesu gonosineit. — JIT HIAIEB,Kuis. 9-10
rpyzans 2019 p.
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Modern energy efficient technologies in construction

L Nazarenko®? doctor. tech. Sciences, Prof,, Head Department of Machinery and Equipment
of Technological Processes, President of ABU

L Pereginets’, Ph.D., Director of the ABU Scientific and Technical Center

V. Sliusar 3, lecturer at the Institute of Innovative Education

'Kyiv National University of Construction and Architecture
2Academy of Civil Engineering of Ukraine
3Institute of Innovative Education of Kyiv National University of Construction and Architecture

The construction industry requires the widespread use of modern energy-efficient, innovative
technologies that should solve the problems of saving energy costs, ensuring the quality of work
performed, efficient, energy-saving process.

Among the most effective technologies of today is information modeling of buildings (BIM),
which is a digital representation of the physical and functional characteristics of the object. BIM is a
general knowledge resource for obtaining information about an object, which serves as a reliable
basis for decision-making during its life cycle, which is defined as existing from the earliest concept
to demolition.

The basic principles of BIM : correctness of information in the model; electronic; process
unit; in the life cycle of actives; history; recession; systematic; information availability; sufficiency;
integration; Information security and indications given. Building information modeling extends this
beyond 3D, increasing the three main spatial dimensions (width, height and depth) with a time
indicator as the fourth dimension (4D) and a value as the fifth (5D). More recently, the sixth
dimension (6D), which represents the environmental and sustainability aspects of buildings, and the
seventh dimension (7D) have been practiced to manage facilities throughout their life, although
there are conflicting definitions for these measurements.

Therefore, BIM covers more than just geometry. It takes into account many factors, such as
spatial relationships, lighting analysis, geographic information, and the number and properties of
building components (such as manufacturer details).

The introduction of information modeling (ITM) provides a technical opportunity to move
from the traditional process of information management (from paper to digital) to the creation of
expert models to optimize key indicators at all stages of the life cycle of objects.

The application of digital transformation in the construction sector is characterized by a
combination of advanced technologies and the integration of physical and digital systems and their
impact on the environment and energy efficiency. he use of BIM will increase the transparency of
investment and construction processes, predictability of results, create certain conditions for
rethinking, improving or simplifying existing regulatory procedures, regulatory framework, the
nature of contractual agreements.

By forming and using a single information field, implementing and applying BIM
technologies and approaches, construction has the opportunity to significantly reduce the negative
effects caused by the general fragmentation of the industry.

Standardization, unification of digital processes and uniform "rules of the game" will allow
more and better integration of small and medium enterprises into investment and construction
activities, improve their efficiency and interaction with the customer by creating more transparent
and coherent exchange mechanisms and information management throughout the life cycle object.

1.Nazarenko I.I. Synerhetychnyi efekt klasternykh domobudivnykh stratehii zhytlovoho sektoru Ukrainy v umovakh
sotsialno-ekonomichnykh transformatsii. Mizhnarodna naukovo-tekhnichna konferentsiia «Efektyvni tekhnolohii v
budivnytstvi». Tezy dopovidei. — Dnipropetrovsk, 2016.

2. Nazarenko LI, Savytskyi M.V, Kiriukhin M.M, Perchinets LI., Kulichenko N.Ievropeiskyi dosvid vprovadzhennia VIM
tekhnolohii v budivelnii haluzi. Novi tekhnolohii v budivnytstvi. BIM. Dosvid ta perspektyvy vprovadzhennia budivelnykh
informatsiinykh tekhnolohii. Tezy dopovidei. — DP NDIBV, Kyiv. 9-10 hrudnia 2019 r.
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IlepcnexTnBu cyyacHoi poprudikanii
Cepeiit Muxanvuenxo, ooyenm, Oupekmop,

Hayroeo-docnionuil incmumym icmopii ma meopii apximexmypu, mMicmo6yoyeanus ma Ou3ainy,
Kuiscvkoeo nayionanvrozo ynieepcumemy 0yoieHuymea i apximexmypu.

@oprudikanmis sk ramy3p BiCBKOBO-IHXXEHEPHOTO MHCTENTBa mepeOyBae Ha MOpO3i
PEBOJIOLIHOTO TIPOPHBY, IiaJEKTWYHOTO IIEPeXOAy B IIPUHIMIIOBO HOBY SKiCTh. PeaibHa
HAsIBHICTb IITYYHOTO IHTEJEKTY, Cy4acHI 3acO0M KOMII IOTEPHOro 00JaJHaHHs Ta 3aco0iB 3B’sI3KYy
JI03BOJISIFOTH BMBECTH JIFOJICHKI PECYpCH 3 30HH 0e3M0CepeaHbOro OOHOBOrO 3ITKHEHHS, 1 TAKUM
4UHOM (popTHdiKallisi 3ITKHEThCS 13 3SHUKHEHHSAM HEOOX1THOCTI 3aXUCTY JIOAWHU Ha 110 0010.

HayxoBo-TexHIUHMII Iporpec MpPONOHY€ HOBITHI BOTHEBI CHCTEMH 3 aBTOMAaTHYHUM
PO3Mi3HABAHHSM 1 3HUIICHHSM IIiJIeH.

Takum unHOM monboBa (opTudikamis HaOyae MPUHIMIIOBO HOBUX PHUC, HE TOB’S3aHHMX 3
3aXUCTOM JIIOAWHH BiX 3ac00iB ypakeHHS. [IpUHIIMIIOBO HOBHMH CTAaHYyThb TAaKOX IPHUIIOMH
MacKyBaHHs, 3a0e3le4YeHHs PanToBOCTI i €(EeKTUBHOCTI 3aCTOCYBaHHS OOOPOHHHX CIIOpPYJ 1
MPUIAIIB.

Ha wdaci cTBOpeHHS cy4yacHOI NPHHIMIIOBO HOBHX CIICLIAIBHUX CIOPYH, yCTaTKOBAHHX
Cy4acHUMH pOOOTH30BAaHMMHM BOTHEBHMH CHUCTEMaMH, M0 BpasnuBi 10 ¢yracHoro Ta
KyMYJISITUBHOTO BOPOJKOTO BOTHIO, aje He MOcHaliiolnTs 000poHY, 1 3a0e3neuyBaTHMYTh
Oe3nepeOiitHe HopMaiibHe (QyHKIIIOHYBaHHs 00MOBOTO 3HapsAIs O€3 y4acTi JIIOAUHU. [1est moisirae
B TOMY, IIIO LI CIIOPYAN MAaTUMYTh Jy’K€ KOPOTKUIl TEPMIH KUTTS B CydacHOMY 0010. AJie JIOI1HA,
BOIH — KUTHME!

TaxkuM YMHOM iCHy€ HarajbHa MOTpeda B HAYKOBUX BHINYKYBAaHHSX, IO JaJyTh MOAAIBLINI
po3BuTOK hopTHdIKALIT SK ramy3i BiiiCbKOBO-1HKEHEPHOI'O MUCTELITBA.

IlinkoM BIpOriHO, IO TaKi BUIIYKYBaHHS 3JIHCHIOIOTHCS, ane He adillyroThkes, SK Le 1
TOJUTHCS Yy BIWCHKOBHX CIpaBaxX, OJHAK BHUKJIMKAE TPUBOTY CTaH chpaB B Ykpaini. Mu
nepeOyBaeMO B CTaHi IEPMAHCHTHOTO 30pOWHOr0 KOH(JIKTY 3 BOpPOroM, 10 Habarato
YHCJICHHIMIMK 3a HAc, NPAaKTUYHO 3aXWILNAI4YM CBIT BiJl arpeCHMBHHUX IMIIEPCHKHUX 3a3iXaHb
My TIHCBKOTO PEKUMY.

Ile BuKIMK /10 1OOYI0BH 000pOHH, opThdikalii B ToMy yucii. TUM yacoM MaeMo TiJIbKH
TYYHUH KOH(Y3 3 «CTIHOIO SILEHIOKa.

1. AkTyajbHi MMTaHHS HOPMATHBHO NPABOBOTO 3a0€3NEUEHHs TEXHIYHOro pPeryiioBaHHs y OyaiBenbHiil ramysi
chepu nanionanpHoi Oesnexu Ykpainu / Muxanbuenko C.B, T'eryn I'.B, ToBouu B.B. / Cyuwachi mpoGiuemu
TEXHIYHOr0 perysoBanns B OyaiBuunTsi, Bur. Ne 2. — K.: KHYBA,2016 . - C. 48+52

2. Muxansuenko C.B. Knactepumii miaxin 1o ¢(opMyBaHHS Ta pPO3BUTOK CHCLIabHUX TEPHTOPIl 3a YMOB
HaOJIMKEHHS /10 CTAaHJAPTIB PO3BUHEHNX Kpain / MicToOyyBaHHs Ta TepuTopianbie rianyBanns, Buim. Ne 59. — K.:
KHYBA? 2016 - C. 336+340.

1. Muxanpuenko C.B. ®opmyBaHHs CHCTEMH CTPATErivHOrO [UIAHYBAHHS i IPOrHO3yBaHHs y OyaiBeNbHiil ramysi
chepu HamioHanpHOi Gesnekn Ykpainu / MictoOynyBaHHS Ta TepuTOpiajbHe MuaHyBaHHs, Bum. Ne 61. — K.
KHVBEA, 2016. - C. 78+83.
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Prospects for Modern Fortification
S. Mykhalchenko Associate Professor, Director,

Research Institute of History and Theory architecture, urban planning and design,
Kyiv National University of Construction and Architecture

Fortification as a branch of military engineering art is on the verge of a revolutionary
breakthrough, a dialectical transition into the fundamentally new quality. The presence of artificial
intelligence, modern means of computer equipment and communications enables withdrawing
human resources from the area of direct military clashes; and thus, fortification will face the
disappearance of the need to protect a person on the battlefield.

Scientific and technological progress offers the latest firing systems with automatic target
recognition and destruction.

Thus, field fortification will enter fundamentally new features that are not related to a person's
protection from the means of destruction. Techniques for camouflage practising, ensuring
suddenness and the effectiveness of the use of defensive structures and devices will also become
fundamentally new.

Techniques for disguising, ensuring suddenness and the effectiveness of the use of defensive
structures and devices will also become fundamentally new

It is urgently needed to create modern fundamentally new specialized structures equipped
with modern robotized firing systems, vulnerable to high-explosive and cumulative enemy fire, but
not weakening the defense.

These structures will ensure the uninterrupted normal functioning of a combat weapon
without human participation. The key issue is that these structures will have a very short lifespan in
modern combat.

But a man, a warrior - will live!

Thus, there is an urgent need for scientific research, which will give the further development
of fortification as a field of military engineering.

Such investigations are likely to be carried out, but they are not advertised, as it should be in
military affairs, but the state of affairs in Ukraine is alarming. We are in a state of permanent armed
conflict with an enemy much more numerous than us, practically protecting the world from the
aggressive imperial encroachments of the Putin regime.

It is a challenge for us: how to build defence, including fortifications. Meanwhile, there is
only a loud embarrassment with so-called "Yatseniuk's wall".

1. Actual issues of normative legal support of technical regulation in the construction industry of the sphere of
national security of Ukraine / Mikhalchenko SV, Getun GV, Tovbych VV / Modern problems of technical
regulation in construction, vol. Ne 2. - K .: KHYBA, 2016. - P. 48 + 52

2. Mikhalchenko SV Cluster approach to the formation and development of special territories in terms of
approximation to the standards of developed countries / Urban Planning and Spatial Planning, vol. Ne 59. - K .:
KHYBA? 2016 - P. 336 + 340.

3. Mikhalchenko SV Formation of the system of strategic planning and forecasting in the construction industry of
the sphere of national security of Ukraine / Urban planning and territorial planning, vol. Ne 61. - K .: KHYBA, 2016.
-C.78 +83.
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T'eone3nunuii KOHTPO.IB cTilikocTi PyHAaMeHTiB NpU Oy AIBHUNITBI Ta eKcIuIyaTamii BHCOTHOT
OyniBii 3a iHAMBIAYaIbHUM NPOEKTOM

€szen  3opin’, noeionuii  ingcenep, nabopamopii  iHCMPYMEHMANbHUX — OOCTIONCEHD
deghopmayiii 6ydisens i cnopyo,

Muxaiino fAxosenxo™, acnipanm, kagedpu eeoingopmamuru i pomozpammempii, 3a6idysau
nabopamopii, incmpymeHmanibHux 00ciodnceHs depopmayii Oyoisens i cnopyo,

!Kuiscvkozo nayionansrozo yuisepcumemy 6yoisnuymesa i apximexmypu,
2/leparcasrozo Haykoso-0ocnionozo incmumymy 6yoieenvrux koncmpykyiti (m. Kuis).

Mera nochijpkeHHsT — BU3HAuYCHHS pO3BHUTKY JAedopmariii QyHIaMeHTIB Ta 30H IX
NOIMPEHHS B daci 3a [JONOMOIOK IHXKGHEPHO-TEOJEe3UYHMX METOAIB IpH OyHiBHHNTBI Ta
eKcIutyaranii BucotHoi OyniBimi. TpuBaicTs Teone3myHOro MoHiTopHHry 10 pokiB (72 mukim).
AKTYaJIbHICTh MOHITOPUHTY 3 METOI0 3aroOiraHHs aBapifiHUX CHUTyalliil Ta CHrHali3yBaHHS
HeOesnekn 3a3HadeHa y myOmikamii [1]. 3a mepiox MoHiTopuury Oyno 3adikcoBaHo no 178 Mm
oCiJlaHb, 30CEpe/KeHI Ha MapKax, [0 BCTAHOBJICHI Ha «sIpi KOPCTKOCTI» - JiToBa rpyma Ta
€X0J0B1 KiiTKu. Jlani Bix sapa :KOPCTKOCTI 10 Hnepudepii BeInIrHa OCiaHb 3MEHIITY€ThCSL.
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Puc. 2— I'padik mBuaKOCTEH Puc. 3 — CepenHst IIBHAKICTH
BEPTUKAIBHHUX MEPEMill[eHb 0CAJI0BHX BEPTUKAIBLHUX NEepeMillieHb nedopmyBanms rpaxeii komnon (10-
Mapok rpotsirom 10 pokiB 0CaI0BUX Mapok npoTaroM 10 pokiB 6/Mic) IPOTAroM POKy BUMIpIOBaHb

25

Puc. 5. - T'pacix po3BuTKy B waci
BEJIMYMH HEPIBHOMIPHOCTI ocifiaub (AS)
Iap 0CcajoBUX MapoK

Puc.4. — OproronanbHa MOJIEIb BEPTUKATLHUX MEPEMillCHb
(dbynmaMenTiB BUCOTHOI OyiBIi 3a 10 pokiB MOHITOPHHTY

Jlns ycix KOJOH, Ha SIKUX IIPOBOIMINCH CIIOCTEPEXKCHHS 3a Ne(OpMyBaHHAM TpaHCH,
cepelHsl IBUJAKICT AeGopMyBaHHS € OJHM3BKOIO [0 LIBUJIKOCTI  Je)OpMyBaHHs, sKa
00yMOBIIOEThCA AehOpMALlisIMU YCaKd Ta IOB3Y4OCTi Amsi OeToHy xaHOro Biky (puc. 1,2).
3araspHa IOBHAKICTH JAeGOpMyBaHHS ycix TIpaHell IocTiiHO 3MeHmyeTbcs (puc. 3). 3a
pe3ynabTataMu OCiZaHb MoOyJOBaHO OPTOrOHAJIBHY MOJENb, A€ 3a3HAYCHO BEIMYMHU Ta OCHOBHE
Mmicue nedopmaniil. 3a pesyiabratamMu 0OyIOBaHO Tpadik PO3BUTKY BEIUYMH HEPIBHOMIPHOCTI
OCiJIaHb MDXK CYCIJIHIMH MapKaMu, 1[0 BCTAHOBJICHI Ha «spi )KOPCTKOCT». OTpUMaHi pe3ysbTaTu
CBIIYATh, 10 OCTATOYHA cTabimi3amis nedopmariii (ocagok) OyaiBii 1Ie HE JOCITHYTA.

1.Ishchenko, Y., Slyusarenko, Y., Melashenko, Y., Yakovenko, M., & Ben I. (2020). ['eoTexHi4HUIi MOHITOPUHT B
YMOBaX YIIUIbHEHOI MichKoi 3a0ynoBu. Hayka ta OyaiBHHITBO, 25(3), 13-25.
https://doi.org/10.33644/scienceandconstruction.v25i3.2
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Geodetic control of the stability of the foundations during the construction and operation of a
high-rise building on an individual project

E. Zorin? senior engineer, laboratory, instrumental research of deformations of buildings
and structures,

M. Yakovenko™, PhD student, Department of Geoinformatics and Photogrammetry, head of the
laboratory, instrumental research of deformations of buildings and structures,

Kyiv National University of Construction and Architecture;
2State Enterprise «State research institute of building constructions», Kyiv.

The purpose of the study is to determine the development of deformations of foundations
and zones of their distribution over time using engineering and geodetic methods in the construction
and operation of high-rise buildings. Duration of geodetic monitoring is 10 years (72 cycles). The
relevance of monitoring to prevent emergencies and signal danger is indicated in the publication
[1]. During the monitoring period, up to 178 mm of subsidence were recorded, focusing on the
marks mounted on the "rigidity core" - the lift group and stairwells. Further from the stiffness core
to the periphery, the amount of subsidence decreases.

—ru

AL A

Fig. 3 — The average rate of
deformation of the faces of the
columns (10-6 / month) during the
year of measurements

Fig.1 - Graph of development in time of ~ Fig. 2— Graph of speeds of vertical
the values of vertical displacements of movements of sedimentary marks
sedimentary marks for 10 years during 10 years

Fig. 5. - Graph of development in time of
values of non-uniformity of sediments
(AS) of pairs of sedimentary marks

Fig.4. — Orthogonal model of vertical displacements of the foundations
of a high-rise building for 10 years of monitoring

For all columns on which the deformation of the faces was observed, the average
deformation rate is close to the deformation rate, which is due to the deformations shrinkage and
creep for concrete of a given age (Fig. 1,2). The total rate of deformation of all faces is constantly
decreasing (Fig. 3). Based on the results of subsidence, an orthogonal model was constructed, which
indicated the magnitudes and the main place of deformations. According to the results, a graph of
the development of the values of the non-uniformity of sediments between neighboring marks,
which are installed on the "core of rigidity". The obtained results indicate that the final stabilization
of deformations (sediment) of the building has not yet been achieved.

1. Ishchenko, Y., Slyusarenko, Y., Melashenko, Y., Yakovenko, M., & Benl. (2020). Geotechnical monitoring in the
conditions of compacted urban development. Science and Construction, 25(3), 13-25.
https://doi.org/10.33644/scienceandconstruction.v25i3.2
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KoncTpykTHBHE pillieHHSsI JepeBOMeTaJIeBOro MepeKpuTTs 115 riopuanux oyaisein

Mapk Beponukos, acn. kagheopu 3ani306emonHux ma Kam SHuX KOHCMpPYKyiil,

Csimnana Illexopkina, xand.mexw.nayk, ooyenm kagpeopu 3ani306emoHux ma Kam sSHUX
KOHCMPYKYIl,

Mugxona Casuybkuii, 00Kmop mexu. Hayk., npogecop, pekmop

IIpuoninpoecvka Oepoicasra axademis Oyoienuymea ma apximexmypu (m./[ninpo)

TiOpuaHi KOHCTPYKTHBHI €JIEMEHTH 3 JepeBa 1 CTald HPEICTABIAIOT COOOK0 IyKe
e(eKTUBHY KOHCTPYKIIO JUISi Cy4acHHX 0araTornoBepXoBHX Oy/iBelb. 3aBIsKM MOJiOHIH
KOMOIHAIIT MarepialliB, JOCATAIOTHCS 3HAYHI €KOHOMIYHI 1 €KOJIOTIUHI MepeBar, OCKIJIbKH BHCOTA
KOHCTPYKIIii MOKe OyTH ONTHMi30BaHa IiJ ii TEpUTOpiajbHE PO3TAllyBaHHS, BOTHECTIHKICTh MOXKE
OyTu 30i7bIIcHA, CEHCMOCTIHKICT, MoO)ke OyTu momimmieHa, a 30ipka KOHCTPYKIii Moxe OyTH
BUKOHAHA 3HAYHO C)EKTUBHILLIC.

Konempyryis 3'eonanns nepexpumms i 6anok. OpHa 13 3alpONOHOBAHMX PO3POOIEHUX
OyIiBENBHUX CHCTEM SIBIIIE COOOI0 CydacHy Bepcilo KiIacHyHOi cucteMu. KoMIo3nTHa KOHCTPYKIis
31 craini i 6eToHy, sika BiZOyBa€eThCs HUISIXOM 3aMiHU TPAAMLIHHAX OCTOHHMX IUIMT, Ha maHemi clt
[1].

OCHOBHHIA CTPYKTYPHHI KapKkac CKJIaJa€ThCsi 3 TiOpUIHHMX CTIH 31 CTaii 1 JepeBa, sKi
MPAIOIOTh HA 3PYLICHHS, B TOW Yac SK TOPU30HTANbHI €IEMEHTH BHIOTOBJICHI 3 KOMITO3UTHHX
CTaJICBHX 1 JIPEB'SIHUX CJICMCHTIB 3 aHeJsIMU clt. 30ipka eleMeHTIB BiTOyBaeThCs Ha Oy XIBHUUOMY
00'exTi, a B 30ipHUX JETANsIX BUKOPHCTOBYIOThCS 3BHYaliHI MEXaHi4Hi 3'€HyBa4i ab0 MpPUCTPOI,
Taki K OONTU 1 KPOHIUTEHHH. 32 paxyHOK CIPOIICHHS 3'€HAHHS CIEMEHTIB MiX cO00I0, TaHMII
Croci0 miaXoAuTh 1St OYAIBHHUIITBA 1 JUTS TIPOBEICHHS OY/IiBEIbHUX POOIT HABITh Y HECTIPHATIMBHX
KJIIMaTHYHUX YMOBax [2].

I'paBitamiiina HaBaHTaXXCHHsS [EPEXOJWTh BiJ TMOBEPXiB JIO KapKacy, CIOYaTKy
3aBaHTAXXYIOUM KOMIO3UTHI KOMIIOHEHTH, a IMOTIM MepelaloyM BiIHOCHI BEPTHKAIIbHI CHJIM Ha
KOJOHU. Jlai HaBaHTAXKEHHS HEPEHOCUTHCS Ha (DYHIAMEHT.

J171s TOpH30OHTAIBHUX HAaBaHTAXKCHB MIUIOTY Jli€ K KPOKBSIHA CHCTEMA, SIKa TIepe/lae CUIIH Bij
BHUXIZIHOI TOYKHM JI0 BEPTHKAIbHUX CHCTEM pO3IIpPOK. 3'€HAHHS EJIEMEHTIB MK COOOI0
BinOyBa€eThCA 3a IPUHIUIIOM Oajka 0 MaHeNi i MaHeIb 0 MaHe.

Cranesi OaJKi TaKOK BUKOHTB CTa01Ti3allii0 KOHCTPYKIIiT, 0 3aro00irae 0yab-sKy MOXKIHUBY
HecTaOUIbHICTh MaHeneil clt mo3a miomuHoo. 3aranbHa MOBEIIHKA BCIE] CHCTEMH B OCHOBHOMY
BHU3HAYAETHCSl CTAJICBMM KapKacoM IIijl Ji€l0 rpaBiTalifHUX HaBaHTaxeHb. st ceficMivuHMX i
BITPOBUX CHJI, IO [iFOThb B OCHOBHOMY B TOpPH30HTAJbHOMY HAMNpsSMKYy, MEXaHi3M OIOpy
PETYIIIOETECS B3a€MOJIIEI0 MK JiadparMaMul i BEpTHKAIBHUMH CHCTEMaMHU KOPCTKOCTI [3].

SIK micyMOK, BaKIIMBOIO HIEPEBAror0 TiOPUAHKUX SJIEMEHTIB € Te, L0 SIK [10 TOPU3OHTAI, TaK 1
[0 BEPTHKaJIi BOHU MAlOTh MiJBHIICHY HeCydy 3AaTHICTh 0Oe3 30inmblieHHs mnepepi3iB. CuibHi
HaBaHTaXXCHHS MOXKYTh IIEPElaBaTHUCS 3a JONOMOIOI0 HPOCTUX 3'€JHAHB, SIKI NPHCKOPIOIOTH 4ac
OyIiBHMIITBA. 3arajibHa Bara KOHCTPYKII 3aJIMIIAETHCS Jy)KE HU3BKOMW, IO BUTITHO B pasi
3eMiIeTpycCy. Y pasi HOXKexXi CTaJIeBi €ICMEHTH 3aXHIICHI ACPEB'SHUMHU eIeMEHTaMU 1 TeMIepaTypa
MOTIePEYHHX TIePEPi3iB JIEPEBUHU 301IbIIYETHCST MeHIn crpiMko. CraneBi apMoBaHi JepeB'sHi
KOHCTPYKLIT SIBJISIIOTH COOOI0 JOCUTh HECKJIAIHUH 1 IIBUIKUI METOJ| Oy AiBHULITBA.

1. Smith, I. & Frangi, A. 2014. Use of Timber in Tall Multi-Storey Buildings. Structural Engineering Document
SED 13, International Association for Bridge and Structural Engineering (IABSE). ISBN 978-3-

85748-132-1.

2. Tesfamariam, S. & Stiemer, S.F. 2014. Special Issue on Performance of Timber and Hybrid Structures.

Journal of Performance of Constructed Facilities 28(6): A2014001-1-3. 10.1061/(ASCE)CF.1943-

5509.0000641.

3. Wanninger, F. & Frangi, A. 2014. Experimental and analytical analysis of a post-tensioned timber connection
under gravity loads. Engineering Structures 70: 117-129. 10.1016/j.engstruct.2014.03.042.

Yeoh, D., Fragiacomo, M., De Franceschi, M. & Boon, K.H. 2011. State of the Art on Timber-Concrete
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Constructive solution of wood-metal flooring for hybrid buildings

M. Berdnykov, PhD student, Department of reinforced concrete and masonry structures,
S. Shekhorkina, candidate of technical Sciences, Associate Professor, Department of
reinforced concrete and masonry structures,

M. Savytskyi, Doctor of Technical Sciences, Professor, Rector

Pridneprovsk State Academy of Civil Engineering and Architecture

Hybrid structural elements of wood and steel are a very effective design for modern multi-
storey buildings. Due to this combination of materials, significant economic and environmental
benefits are achieved, as the height of the structure can be optimized for its location, fire resistance
can be increased, seismic resistance can be improved, and the assembly of the structure can be
performed much more efficiently.

The design of the connection of floors and beams. One of the proposed developed building
systems is a modern version of the classic system. Composite construction of steel and concrete,
which occurs by replacing traditional concrete slabs, on the clt panel [1].

The main structural frame consists of hybrid walls of steel and wood, which work on the shift,
while the horizontal elements are made of composite steel and wooden elements with clt panels.
The elements are assembled at the construction site, and the prefabricated parts use conventional
mechanical connectors or devices such as bolts and brackets. Due to the simplification of the
connection of the elements with each other, this method is suitable for construction and for
construction work, even in adverse climatic conditions [2].

Gravitational load passes from the floors to the frame, first loading the composite
components, and then transferring the relative vertical forces to the columns. Then the load is
transferred to the foundation.

For horizontal loads, the floor acts as a rafter system that transmits forces from the starting
point to the vertical strut systems. The connection of the elements is based on the principle of beam
to panel and panel to panel.

The steel beams will also perform structural stabilization, preventing any possible instability
of the clt panels outside the plane. The general behavior of the whole system is mainly determined
by the steel frame under the action of gravitational loads. For seismic and wind forces acting mainly
in the horizontal direction, the resistance mechanism is regulated by the interaction between the
diaphragms and vertical stiffness systems [3].

As a result, an important advantage of hybrid elements is that both horizontally and vertically,
they have increased load-bearing capacity without increasing cross-sections. Heavy loads can be
transmitted through simple connections that speed up construction time.

The total weight of the structure remains very low, which is advantageous in the event of an
earthquake. In the event of a fire, the steel elements are protected by wooden elements and the
temperature of the wood cross-sections increases less rapidly. Steel reinforced wooden structures
are a fairly simple and fast method of construction.

1. Smith, I. & Frangi, A. 2014. Use of Timber in Tall Multi-Storey Buildings. Structural Engineering

Document SED 13, International Association for Bridge and Structural Engineering (IABSE). ISBN 978-3-
85748-132-1.

2. Tesfamariam, S. & Stiemer, S.F. 2014. Special Issue on Performance of Timber and Hybrid Structures.

Journal of Performance of Constructed Facilities 28(6): A2014001-1-3. 10.1061/(ASCE)CF.1943-

5509.0000641.

3. Wanninger, F. & Frangi, A. 2014. Experimental and analytical analysis of a post-tensioned timber connection
under gravity loads. Engineering Structures 70: 117-129. 10.1016/j.engstruct.2014.03.042.

Yeoh, D., Fragiacomo, M., De Franceschi, M. & Boon, K.H. 2011. State of the Art on Timber-Concrete
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I[HHOBALLiT
B ByaiBenbHin Ximil




Mpoayktn MC - Bauchemie B YkpaiHi Ta cBiTi

MC-Bauchemie (ML, Bayxemi) — oguH 3i cBiToBMX nigepiB B obnacti 6yaiBenbHoi ximii. 3 1961 poky
CniBpOGITHUKM  KOMMaHii, yBaXHO cnigkytouM 3a notpebamu KnieHTiB, po3pobnsiioTb BUCOKOSIKICHI
NPOAYKTU, 3a [OMOMOrO SIKMX MOXHa HafiiHO BUPILUMTK Pi3HOMaHITHI 3aBaaHHs ByaiBenbHoOi ranyai,
Bi, MPOCTUX A0 HANCKNaAHiLLNX.

MounHatoun Big Himeubkoro micta BoTTpon, e Gyno 3acHOBaHO KOHLEPH, i aX A0 Hanganblmx
Bpasunii, IHaii Ta Manainsii — ckpi3b MOXHa 3yCTpiTU ambGiuiiiHi Ta BMCOKOTEXHOMOriYHI 06’ekTH, Ae
3actocoByBanucsa maTtepiann ML, bayxemi. Ocb Aekinbka npuknagis:

e AeponopT Bapliasu e Mict yepes Pewn B [lloccenbaopddi

e Allianz Arena B MioHxeHi e Commerzbank y ®paHkdypTi

e 90 % 6eToHHMX gopir Yexii e Mict yepes [JHinpo y Kuesi

e BopoouucHi cnopyau B CiHranypi e Aeponoptu B bopucnoni, JoHeLbKy Ta JIbBOBi
e Xaueewn Ne 6 B TanBaHi e CragioHun Kuesa Ta JlbBoBa

3 2005 poky ML| Bayxemi npucyTHs 1 Ha yKpaiHCbkOMY pUHKY. 3apa3 koMnaHisi Mae BUPOOHWULTBO y
micTi BepesaHb (KuiBcbka obnacTtb), cyvacHy aTecTtoBaHy nabopaTopito 6eToHy, i HalromnosHie —
BMCOKOKBaniikoBaHUX TEXHIYHUX KOHCYMbTaHTIB y Hambinbwumx mictax YkpaiHu. Bce ue pae Ham
MOXTNMBICTb Noka3aTu nepesarn TexHonorii 6eToHy 3 npoayktamu ML, nepea TpaguuiiHumy 6eTOHHUMK
cyMillamu; y HavKopoTLIMIA Yac BMPOOWTWM Ta [OCTaBUTM KiieHTaM HeobxiaHui maTtepian; a Takox
HapaTu KrieHTam HeobXxiaHWMI cepBic, Hanpuknaa NigTPUMKy nabopaTtopii 6eToHy.

Mocepen Garatbox iHWMX pisHOMaHITHUX NpoaykTiB MC-Bauchemie uutaviB faHoro BMAAHHS MOXYTb
3auikaB1TV Nepeaycim Taki MmaTepianu:

MnacTtudpikatopu anst ToBapHoro 6eToHy Ta 36ipHOro 3anizo6eToHy
CynepnnacTtudikaTtopu ansi ToBapHoro 6eToHy Ta 36ipHoro 3anizo6eToHy
[omiwwkm ans 6yniBernbHUX PO3YnHIB

MoBiTpOBTArytOYi OMILLKM

MiHoyTBOptOBayYi AN NiIHOGETOHY

MpuckoptoBauyi Ty>xaBiHHS 6eTOHY

CnoBinbHIOBaYi Ty>aBiHHA 6eTOHY

Pogs’egHytodi emynbcii ans hopm

PeMOoHTi po3unHu

3acobu no pgornagy 3a 6eToHom

B3acobw rigpoizonsuii

Matepianu ans pectaspaldii icTopuyHux 6yaisens.

Mwu cnopisaemcst Ha Baluy 3auikaBneHicTb NPoAyKTamu i nocnyraMmu Halwoi KOMNaHii i Be YeKkaemo Ha
3ycTpi4 3 Bamu!

TOB ML| bayxemi
07541, m bepesaHb, KniBcbka obnactb,
Byn. Maskoscbkoro, 38
Ten./ dakc. 045 766 54 53




XimiuHi TexHoJ0Tii HaHOMOU pikauii HeMEHTHHX KOMIO3HLTIHUX MaTepiaiB.

Mapuna Cyxaneguu, 0okm.mexH.Hayx, npogecop Kageopu 6yoisenvrux mamepianis,
Jmumpo Ooapuenko, cmyoenm,
Isan Ocmanoeuu, cmyoenm

Kuiscokuii nayionanohuil ynisepcumem o6yoienuymea i apximexmypu (m. Kuis)

B konrtekcri momsaTTss  «Bucoki Texnosorii»  (Hi-Tech) mporpec OyaiBenbHOrO
MaTepialo3HaBCTBA CJiJ| MOB’SI3yBaTW 3 3aCTOCYBAHHSIM HAHOTEXHOJIOTIH Yy BHPOOHHIITBI
OyiBEIbHUX KOMIIO3UILIHHUX MaTepialiB, 10 SKUX BIIHOCITH LIEMETHI PO3UMHH i OeToHH [1].

BukopucranHs HaHOMaTepianiB 3 po3MipaMu yacTuHOK Bif 1 1o 100 HM 3a octanHi 20 pokiB
MiATBEPAMIO MOXIMBICTh OJEPXKAHHSA SAKICHO BIAMIHHUX 32 CTPYKTypOIO 1 BIACTUBOCTSIMH
KOHCTPYKIIMHUX Ta CICLiaJIbHAX MarepialiB 3aBIKH IIABHIICHIH aKTHBHOCTI HAaHOPO3MIpPHUX
YaCTMHOK Yy CKJIAJi MaTpulli, 30KpeMa LeMeHTHiH. HaHomarepianu Hajexarh 00 KOJOIIHHX
YAaCTUHOK 3 PI3HUM CTYICHEM [HCIIEPCHOCTI 1 MiANOPSIKOBYEThCS 3aKOHAM KOJIOiMHOT XiMii.
BuKOpHCTAaHHS ~ yHIKIBHHX BIACTHBOCTEH BYIJICHEBHX HAHOTPYOOK  BIJAKPHIO  IIMPOKI
MEepPCHEeKTHBU 3aCTOCYBAaHHSA iX y OyniBenbpHiM ramysi, 30KpeMa JUIi OTPHUMaHHS €()EeKTUBHHUX
MarepianmiB Ha ueMeHTHIH ocHOBi [2]. Ilpore icHye mpoGiema piBHOMIPHOTO PO3MOTITICHHS
BYIJICIIEBUX HAHOPEUOBHH B IIEMEHTHOMY Matepiaii 0e3 X CKyNueHHs, arperyBaHHSI.

MeTor0 [OCHIKCHHS € BH3HAYEHHS XIMIYHUX IPOIECIB, IO MPOTIKAIOTH HMPH B3aEMOIIL
MOBEPXHEBO-aKTHBHUX PEYOBUH Ta BYIJICLEBHX HAHOPEYOBUH (HAHOTPYOOK, TEPMOPO3LIMPEHOIO
rpadiry).

B nocmimax BukopucroByBayn ITAP pi3HOro XiMi4HOTO CKJIamy: JITHOCYJIB(OHATHOTO,
HadTaniH- Ta MenamMiH(OPMANIBAETIAHOrO, MONIKapOOKCHIAaTHOrO. Byrienesi HaHOPEYOBHHU
(HaHOTpYOKM, HaHOBOJOKHA) (puc.l) BBOAMJIM LUISIXOM KaBITAI[IMHOTO TMeEpeMilllyBaHHS B
TiAPOMHAMIYHOMY rOMOTeHi3aTopi (puc.2).

Puc.1. - ®otorpadii ByrieneBux HaHOTPYOOK (a),

TepMopo3uupeHoro rpadiry (6), BUKOHaHi 3 Puc. 2. - JTabopaTopHuii poTariifHui
BUKOPHCTaHHAM TPAHCMICiHHOTO €leKTPOHHOTO riIpofuHaMIYHUN FOMOTEHI3aTop
MIKPOCKOITY

CralinbHiCTh AucHepciil BU3HAYaIN 3a JONOMOTOI0 JIa3ePHO-KOPEIIIHHOI CIeKTPOCKOMIi.
BceranoBieHo, mo crymiHb aucnepraiii HaHoJ00aBOK 3aleXuTh Bia XiMiuHoi npupoau [IAP Tta
KIJTBKOCTI HAHOPEYOBUMHM ( ONTHMANBHHM € BMICT Mac. 1%) [2]. BcranoBieno, mo mpu
HaHOMOJIU(iKaIli] IEMEHTHOI MaTPUIIl CIIOCTEPIraeThCsl CHHEPTETHYHHUN €(EKT, 110 TPOSIBISETHCS Y
3pOCTaHHI MIITHOCTI IPH CTHCKY Ta IIPU 3THHI IEMEHTHHX KOMIIO3UI} B IPUCYTHOCTI CaMOT0 JIUIIIE
iactrgikaropa — Ha 50%, a B IPUCYTHOCTI BYIVICHICBUX HAHOPEYOBHH - e Ha 50%. Bussnena
3aKOHOMIPHICTb NIPOSBIIAETHCS JIUIIE IPY BUKOPUCTAHHI B SIKOCTI JTUCIEPCIHHOro cepenoBula Juist
BYIJICLEBUX HAHOOO €KTIB MenaMiH(GOpMaIbIeriJHOTO Ta JIrHOCYnb(pOHATHOrO (3 edipamu
ONTiKapOOKCHIIATy) MIACTH(IKATOPIB, B CTPYKTYPI SKUX HPHUCYTHI OCH30JIBHI KUIbI [2].

1. Canuec @., Cobones K. Hanorexnosnornu B npousBojictse 6eronoB: O630p. Becmuux TIACY. 2013. Ne 3. C.
262-289.

2. Cyxanesuu M.B. TopiBHsiHHS e()eKTHBHOCTI 3aCTOCYBAHHS Pi3HHX BYTJICIEBHX HAaHO100aBOK juts Moaudikarii
LEMEHTHUX KOMIIO3HIIHHUX MatepianiB. byniBenbHi Matepianu ta BUpoOH. - Ne3-4 (95). — C.46-49.
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Chemical technologies of nanomodification of cement composite materials.

M.Sukhanevych, Dr.Sc., Professor of the Department of Building Materials,
D.Odarchenko, Sudent,
1. Ostapovych, Student

Kyiv National University of Construction and Architecture (Kyiv)

In the context of the concept of "High Technologies" (HI-Tech), the progress of building
material science should be associated with the use of nanotechnologies in the production of building
composite materials, which include cement mortar and concrete [1].

The use of nanomaterials with particle size from 1 to 100 nm over the past 20 years has
confirmed the possibility of obtaining qualitatively different structures and properties of structural
and special materials due to the increased activity of nano sized particles in the matrix, in particular
cement.

Nanomaterials belong to colloidal particles with varying degrees of dispersion and
subordinate to the laws of colloidal chemistry. The use of unique properties of carbon nanotubes
has opened a wide prospect of using them in the construction industry, in particular to obtain
effective materials on a cement basis [2]. However, there is a problem of uniform distribution of
carbon nanoparticles in cement material without their accumulation, aggregation.

The purpose of the study is to determine the chemical processes occurring in the interaction of
surfactants and carbon nano-particles (nanotubes, thermo-exposure graphite).

In experiments, different chemical composition were evolved: lignosulfonate, naphthalene
and melamine formaldehyde, polycarboxylate. Carbon nanoparticles (nanotubes, nanofibers) (fig.
1) were administered by cavitation mixing in a hydrodynamic homogenizer (fig. 2).

Fig. 1. - Photos of carbon nanotubes (A), thermo-
exposure graphite (b), made using a transmission
electron microscope

Fig. 2. - Laboratory rotary
hydrodynamic homogenizer

The stability of the dispersions was determined by laser-correlation spectroscopy. It has
been established that the degree of dispersion of nano additives depends on the chemical nature of
the surfactant and the amount of nano-substance (optimal content of mass. 1%) [2].

It has been established that when nanomodification of a cement matrix there is a synergistic
effect that is manifested in the growth of compression strength and bending strength of cement
compositions in the presence of only a plasticizer - by 50%, and in the presence of carbon nano-
substance - another 50%. The identified pattern manifests itself only when used as a dispersion
medium for carbon nanoobjects of melamormaldehyde and lignosulfonate (ethers of
polycarboxylate) plasticizers, in the structure of which there are benzene rings [2].

1. Sanchez F., Sobolev K. Nanotechnology in the manufacturer of concrete: Overview. TGUS Herald, 2013. No. 3.
P. 262-289.

2. Sukhanevych M.V. Comparison of the effectiveness of using various carbon nanoadditives for modification of
cement composite materials. Building materials and products. - Ne3-4 (95). - 2017. - P. 46-49.
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Papiauiiino-3axucHi BiiacTuBocTi Ta pagiauiiina criiikicrs 1pioHo3epHHCTHX OETOHIB.

Jmumpo Anonko, kano.mexu.nayx, ooyenm kageopu 0yoisenibHux mamepianis,
Onvea I'onuap, xano.mexmu.nayk, 0oyenm kagheopu 6yoisenvHux mamepianiis,
Mapxko-Bacuny Mapynuak, cmyoenm

Kuiscokuii nayionanohutl ynisepcumem o6yoienuymea i apximexmypu (m. Kuis)

bBaraTtopiunuii CBITOBMH JOCIIJ BHUKOPUCTAHHS MarepialiB Juls pajialliifHOro 3aXucTy
MOKazye, 1110 TOJIOBHUM MaTepialioM € OeTOH, B SKOMY MOJJIMBA KOMOIHAISl Ba)KKMX EJIEMEHTIB,
HEOOXITHUX ISl 3aXKCTY BiJ raMMa-IPOMEHIB Ta JIETKUX, [IO MOTJIMHAIOTH HEUTPOHHI MOTOKH.
OcraHHI 00CTaBUHHM, a TAKOX JICTKICTh HaJIaHHsI 3aXUCTy HEO0OXiqHOT OyniBenbHOI (hopMu, BiTHOCHA
HHU3bKa IiHA Ta INIUPOKE BHUKOPHCTAHHA MICIEBHX CHPOBMHHHUX MaTepialiB BHU3HAYHIO
3aCTOCYBaHHS OETOHY /Ui 3aXHCTy BiJl pPaJioaKTUBHOTO BHIIPOMIHIOBAHHS SIK TOJIOBHOTO

Mmarepiainy.
Jnst jociipKeHHST TOBEMIHKM — OCTOHIB  TiJ Ji€l0 TaMMa-BUIIPOMIHIOBAHHS — OyJiu
BUIOTOBJICHHI JIBI cepii 3pas3kiB. OpHa - KOHTpOJbHA, Jpyra — mijjgaBagacs aii ramma-

Bunpomintopanuio. TemmepaTypa 3paskiB mpu BUTPOOYBaHHSX He mepesurrysama 40 °C,
KOHTPONBHHUX Takox Oyma mpuitasra 40 °C. Jlosa ramMMa-BumpoMinfoBaHHs cknagama 10° pan. 1i
3HAQUEHHsl BIATOBIZA€ 1031, SIKY MOXE OTpUMAaTd OETOH NpPU KOHTAKTI 3 BHUCOKOAKTUBHUMH
panioakTHBHHMH Binxomamu 00’ekT «YkpurTa» 3a 300 pokiB. XapaKTepHCTHKAa HPOMHUCIOBOI
YCTaHOBKH raMMa-BUIIPOMIHIOBAHHSI: €HEpris BUNPOMiHIOBaHHA 1,25 MeB Ta noTyxHicTh 1031 2,0
Mpa/roausy. BukopucTaHHs Takoi yCTaHOBKH, 103BoJisie focsrTu no3u 10° paj MeHbe Hik 3a
Mics1b, a 108 pax — 3a 4-5 1i6. Jlii raMMa-BUIIPOMiHIOBaHHS ITiABAJIH 3pa3KH OETOHY, SKi JOCATIIH
BiKy 28 ni0 Ta 30epiraimcsi B HOpMJIBHUX yMOBaxX. AHaJIi3ysl OTpHUMaHi AaHi (i3nKo-MeXaHIuHUX
BUIPOOYBaHb paJialiifHO-3aXICHUX KOMIIO3HTIB, MOXKHA BiIMITHTH HACTYIIHE, BEJIUKI JJO3H TaMMa
Ta HEHTPOHHOIO BUIIPOMIHIOBAHHsA NPAKTUYHO HE BIUIMBAIOTh HA MIIHICTh PO3POOJCHHUX CKIAJIiB

oerony|[1].
Po3po0iieHi KOMIIO3UTH MalOTh TMOKa3HUKH TOBIIMHK APy TMOJOBUHHOTO OCJIAOJICHHS ISt
ramMma-BuIIpoMmiHioBanHa izotormy *’Cs 3 emepricto E=662 KeB — 3,20-5,29cm, Ta s

HeifTponHoro Bunpominiosanns >2Cf 3 eneprieto E=2,5 MeB — 5,01-6,17 cm. Otpumani 6eTonn
MalOTh HEBENIMKY aKTHBHICTh (Ha 3-4 INOPSIKM MEHIIE) MOPIBHAHO 3 IPUPOAHIM XPOMOM Ta
3aj1i30M, SKIIO OCTaHHI mijyatu Aii HEeHTpoHHOro ompoMiHeHHs. HanmauHs marepiamy Takoro
3HAYHOT'O CHEPreTHYHOTO BILUIMBY IIPU3BOAUTH 0 BUXOMY HOTO 3 TEPMOJAMHAMIYHOI PiBHOBATH, L0
CTBOPIOE YMOBH [IJIsl BUHUKHEHHS B HbOMY 3HAYHHUX (IIYKTyalliHUX MPOLECIB, 110 COPSAMOBaHI Ha
YTBOPEHHS MOPYLIEHb PETYIAPHOCTI CTPYKTypH. [l 3MEHIIEHHS IHTCHCUBHOCTI (UIyKTyawiil €
JOIUTBHAM BHUTOTOBJICHHSI KOMITO3MTIB 3 MIHIMAIbHOIO aHI30TPOIIEI0 BJIACTHBOCTEH, IO B
3aIpOTIOHOBAHUX MaTepianaX PpErylIoeThCsl JUCIEPCHICTIO 3alOBHIOBaYa Ta  BEIMYMHOIO
nedopmarii po3mUpeHHs IEMEHTY IIPU TBepAHEeHHI [2].

BceraHoBieHO, 110 JTOCTIKEHI KOMIIO3UTH MArOTh 3HAYHYy pajialiifHy CTIHKICTh B MO
raMMa-BUNIPOMiHIOBaHHA Ipu 1031 B 1000 Mpan. BoHn XapakTepu3yroThCs 3pOCTaHHAM MIIHOCTI
IIPU CTHUCKY Ta CTaOUIFHUMM 3HAYCHHSIMH MIIHOCTI Ha po3Tar npw 3ruHi [3]. Ha ocHOBI oTprMaHuX
JAHUX PO3pOOJIeHI CKiIaan OCTOHIB VISl IPOMMCIOBOTO BUPOOHMITBA Ta 3aCTOCYBaHHs. Mae Takox
IHTepec OCIIUKCHHS BIaCTHBOCTEH NaHUX KOMIIO3UTIB HA ME30- Ta MAaKpOPIiBHI Iicis TpuBaioi mii
HEUTPOHHOIO Ta raMMa-BUIIPOMIHIOBaHH:A, a B IEPCIEKTUBI 3aCTOCYBaHHsS TECOPETHYHUX METOJIB
MOJIEIIIOBAaHHS [IEPEHOCY NOTOKY HEHTPOHIB Kpi3h MaTepiai.

1. Ileitrny JI.A., Anonxko [1.B. Paduayuonnozawumusie 6e3ycadounvie MeIKoO3epHUCHble OeMOHbL HA YY2YHHbIX
sanonnumensx. — K.: Tamma-tipunT, 2011. 198 c.

2. IHeiinny JI. A., Iymkapesa E. K. Ilpoyeccur camoopeanuzayuu cmpyxmypul cmpoumenshuix komnosumos. K.:
T'amma-nipunT, 2009. 153 c.

3. Awnonko JI.B., Tonuap O.A., KoObuistackuit W.3.  Komnosuyuonuvii  paouayuoHHO3auUMHbI
yemenm ¢ nogvlulenHol mepmo- u mpewunocmotikocmoto. HaykoBuii BicHuk OyniBuuirBa. — XapkiB: XHVYBA,
2019. Ne 4. Tom 98. C.231-240
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Radiation protective properties and radiation resistance of fine-grained concretes.

D. Anopko, Ph.D., Associate Professor of the Department of Building Materials
0. Gonchar, Ph.D., Associate Professor of the Department of Building Materials
M-V. Marunchak, Student

Kyiv National University of Construction and Architecture

Many years of world experience in the selection of materials for radiation protection shows
that concrete is the main material. It can combine heavy components to protect against gamma
radiation and light components to absorb neutron fluxes. This fact, as well as manufacturability, low
price and the possibility of using local materials, have determined the widespread use of concrete
for protection against radioactive radiation.

To study the behaviour of concrete under the influence of gamma radiation, two series of
samples were made. One series was the control, and the second was exposed to gamma radiation.
The temperature of the samples during testing did not exceed 40 °C, the dose of gamma radiation
was 10° rad.

Its value corresponds to the dose that concrete can receive when it comes into contact with
highly radioactive wastes from the “Shelter” facility for 300 years. The characteristic of an
industrial gamma-ray plant is radiation energy of 1,25 MeV and a dose rate of 2 Mrad/h. Using this
setup allows you to reach a dose of 10° rad in less than a month, and 10® rad in 4 - 5 days. Concrete
that reached the age of 28 days and stored under normal conditions was exposed to gamma
radiation. Analysing the obtained data of physical and mechanical tests of radiation-protective
compositions, it can be noted that large doses of gamma radiation practically do not affect the
strength of the developed material [1].

The developed composites have half-value for the y-radiation of the '’Cs isotope with
energy E =662 KeV — 3,20...5,29 cm, and for neutron radiation 2>Cf with energy E = 2,5 MeV —
5,01...6,17 cm. The developed concrete compositions have a small activity (3-4 orders of
magnitude lower) compared to natural chromium and iron if the latter are exposed to neutron
radiation.

The influence on the material of such a significant energy impact removes it from
thermodynamic equilibrium, which creates the conditions for the occurrence of significant
fluctuation processes in it, aimed at creating violations of the regularity of the structure. To reduce
the intensity of fluctuations, it is advisable to create composites with a minimum value of the
anisotropy of their properties, which in the developed materials is controlled by the dispersion of
the aggregate and the degree of expansion of cement. This confirms the promise of using the
proposed fine-grained concrete as radiation-protective materials [2].

It was established that the studied composites have significant radiation resistance in the
fields of gamma radiation at a dose of up to 1000 Mrad. They are characterized by an increase in
compressive strength and stable values of tensile strength in bending [3].

Based on the data obtained, it is possible to develop concrete compositions for industrial
production and use. It is also of interest to study the properties of these composites at the meso- and
microlevels after prolonged irradiation with neutrons and gamma rays, and in the future, use of the
theoretical method for modeling the transfer of neutron flux in various media.

1. Sheynich L. A., Anopko D. V. Radiation-protective non-shrinking fine-grained concrete on cast-iron aggregates
(K: Gamma-print) —2011. — P. 198.

2. Sheynich L. A., Pushkareva E. K. Self-organization processes of the structure of building composites (K:
Gamma-print) — 2009. — P. 153.

3. Anopko D. V., Gonchar O. A., Kobyilyanskiy I. Z.  Composite radiation protective cement with enhanced
thermal and crack resistance (Harkiv: HNUBA). — 2019. — Vol. — 98. — P. 231-240.
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AHaJli3 BIVIMBY YIaPHUX HABAHTAKeHb HA CTPYKTYPY MIAPiB NOKPUTTS JOPIr 3
MaTepiajiiB Ha 0CHOBi BUCOKOMOJIEKYISPHUX MOJiMEPHHX CHOJIYK.

Onexcandp I'openenko, acucmenm kagheopu apximexnmypHux KOHCmMpYKyil
Kuiscokoeo nayionanvnozco ynieepcumemy oyoisnuymsea ma apximexmypu. (m. Kuis)

Merta [OCIIKCHHS — 3HAXOKEHHS ONTUMAIIBHOTO CKJIAy MApiB KOHCTPYKII{ JOPOKHBOTO
TIOKPUTTSI, BiIIIOBIZTHO IO YMOB NIPYXKHOCTI IIMX MaTepiaiB. 3a0e3reueHHs MaTepialy 31aTHOCTI He
3MOYYBATUCh 1IE T'1IPpoPOoOHICT MOBEPXHI, Ky MOXHA 3a0€3M1€YNTH OCHOBHUM CKJIaJ0OBUM areHTOM
actanbroderonHoi cymimi - Oitymom. [Ipore romoBHmil Hemomik OiTyMy, Te mo B Ipomeci
eKcIuTyaTanii foro CTpyKTypa, NPHPOIHHX CMOJ, IHOCTYIOBO CTHPAETHCS, a IiJ COHSYHUMH
IIPOMEHAMH Big0yBa€ThCs IHTEHCHBHHUI HArpiB, a aBTOTPAHCIOPT B TaKi MOMEHTH 1 30BCIM pyiHYe
ne nokpurta. [lomambmie pyifHyBaHHS JOpPOrH aTtMOChEpHHUMH ONagaMH, IPU3BOJIHUTH 0
HAMOKAaHHS Ta MIATOIUICHHS JOPOXHBOI OCHOBH, IiJl HECY4YMM MOKpHUTTSIM. Taki mporecu
MIPU3BOJIATH 10 YTBOPECHHS XBIJIb Ta IPOBANTIB B ILIONIMHI HOKPUTTS. ['eOMETpHUYHO Lie BUIIIAIAE SIK
YTBOPEHHS| CHHYCOI[H, ITONEPEMiHHOIO 3BOJIOKCHHSI Ta TBEPJIHHS B JESKHX 30HAX KOHCTPYKIIT
[2].

BukopucraHHs HOJIIMEpIB, TaKHX fK IUIACTMACH, SIK CHPOBHHA 3 HEPEpOOKH 1 OJHOYACHO
OCHOBHOIO  CKJIaZIOBOIO  ac(haibTOOETOHHOI ~ CyMillli, MOK€ HaJaTH KOHCTPYKUii JTOporu
BIIACTUBOCTEH, $Ki YaCTKOBO 3MCHINYIOTH pYHHIBHY [if0 BOAM Ha KOHCTpyKUito. HaiOimbm
MIIXOMSAIIMMHU € €JIACTOMEPH 3aBASKH IX MOJKJIMBOCTI IMOBTOPHIN mepepoOri, Ta Temmeparypi
miaBaeHHs Big 150°C - sxa BiANOBigae TeMmepaTypi IpUroTyBaHHA ac(arbTOOCTOHHOI CyMimIi.

BukopucTaHHs enacTOMEpiB CTBOPHUTH IONOMDKHI 3B’S3KM B KOHCTPYKILII JOPOXKHBOTO
MOKPUTTS 1 IPU3BEE 0 OUIBII CTIMKOrO KapKacy KOHCTPYKIil. 3B’s13yBaHHs MOIIMEpIB 3 OITYMHUM
B’SDKyYHM CTBOPIOE OUIBII 3aXWIIEHy CTPYKTypy MIapiB, IO Ja€ 3MOrYy OUIBII IHTCHCHBHO
BHKOPUCTOBYBAaTH I'€OTEKCTHIIb Ta T€OCITKH.

l'eomeTpuyHe MOIETIOBaHHS IIAPiB JOPOXKHBOTO MHOKPUTTS IIOKA3ye 3HAYHHU MPHPICT
MIIHOCTI KOKHOTO INapy KOHCTpyKHil. Ta e OIHI€I0 HaI3BHYAMHOIO BIACTHBICTIO TaKOTO
MOKPHTTS, € 3HIDKEHa Maca KOHCTPYKIUI Npu OiNbIl BHCOKHMX XapaKTepPUCTHKAX MIIHOCTI, SK
Hachinok [1]. Takum 4mMHOM, JUI LUX BIACTMBOCTEH HACTYIHMH, NPH JOJaBaHHI y OyaiBeNbHUI
0iTyM T'€OBKIQIUIIB Pi3HOI T€OMETpii, 0COOIMBO MPOCTOPOBOI 30UIBLIYETHCS MUTOMA MILHICTH
BSDKY4OI PEUOBHHM Ha NpHKIIaai Gpopmyu:

Rn=RD

e, R- minHicTh MaTepiany MIla;

D- BinHOCHA TycTHHA MaTepiaty Kr/m”.

Omxke Hacmigok miei (opMysH IOKasye, MO (GakTH4HEe 30UIBIICHHS TI'YyCTHHH KiHIEBOTO
Martepiany i IpU3BOAUTH 10 30UIBIICHHS Baru IIApiB TAKOrO MOKPUTTS. AJle € HACHIJO0K 3 3aKOHY
FyKa*, IO YUM MiLHILIIE MaTepiaji 1 YuM BiH JieTIIe, TUM OlbIle HOro muToMa MilHiCcTh. BuHukae
mapagokc, KOIM Ajs 301UIbIIEHHsS JOBrOBIYHOCTI JOPOKHBOIO HOJIOTHA IMOTPIOHO CTBOPIOBATH
BaKKI 1 TOBCTI IIapu, IO CyNepednTh BHUINE3a3HAUCHOMY HACIHIAKY 3aKoHy I'yka. AlbTepHaTUBa
TaKMM METOJaM y CTBOPCHHI JIETKHX 3allOBHIOBAYiB, Ta I'COCITOK Ha OCHOBI IIOJiMepiB pi3HOL
reoMeTpii 1 Majol I'yCTHHH, JUISl 3MEHIIEHHS Bard BCi€l KOHCTPYKIIT 1 sIK HACIIOK 1IbOTO, OLIbIINI
CTPOK BHKOPHCTAHHS IIOJIOTHA 332 PaxyHOK HE PyHHYBaHHS IIiJ BIACHOIO Barolo, IO CHPHYUHSE
MOCTil{HE HANPYKEHHS B CTPYKTYPi JOPOKHBOTO MOJIOTHA.

1. Mosrosoii B.B. Hayunble OCHOBBI obOecneueHHs TEMIEPaTypHOH TPEIMHOCTOMKOCTH ac(hanbTOOETOHHBIX
HOKPHUTUH: 1uc. A-pa TexH. Hayk: 05.22.11. Mosrosoit Buamumup BacuibeBuu; KueBckuil aBTOMOOMIBHO-
JoposxHbIi HHCTUTYT — K., 1996. 343 ¢

2. Huup Csiocroans (KHP), Muxaiinos A.l. MozenoBaHHsl HaIpyeHo1e(OPMOBAHOTO CTaHy JOPOXKHIX OJSTIB 3
TpiumHaMu y moKpuTTi: XapKiBCbKMIA HAlliOHATBHUI aBTOMOOITBHO-10pOsKHil yHiBepcuTeT — X. 2020. 267¢.

* - 3axon Tyka - mym GUKOpUCMAHO KAGCUYHE (OPMYTIOBAHHS HACTIOKY NUMOMOT MIYyHOCTI THUUMU CTO8AMU

nas. Koeghiyienm xoncmpyxmusnoi akocmi.
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Analysis of the influence of shock loads on the structure of road surfaces from materials based
on high molecular weight polymer compounds.

O.Horelenko, Assistant, Department of Architectural Structures
Kyiv National University of Construction and Architecture (Kyiv)

The purpose of the study is to find the optimal composition of the layers of the pavement
structure, in accordance with the conditions of elasticity of these materials. Providing the material
with the ability not to get wet is the hydrophobicity of the surface, which can be provided by the
main component agent of the asphalt concrete mixture - bitumen. However, the main disadvantage
of bitumen is that during operation its structure, natural resins, is gradually erased, and under the
sun there is intense heating, and vehicles at such times and completely destroys the coating. Further
destruction of the road by atmospheric precipitation leads to wetting and flooding of the road base,
under the bearing surface. Such processes lead to the formation of waves and dips in the plane of
the coating. Geometrically, it looks like the formation of a sinusoid, alternating moisture and
hardening in some areas of the structure [2].

The use of polymers, such as plastics, as raw materials for processing and at the same time
the main component of the asphalt mixture, can give the road structure properties that partially
reduce the destructive effect of water on the structure. Elastomers are the most suitable due to their
recyclability and melting point of 150 © C - which corresponds to the temperature of preparation of
the asphalt mixture.

The use of elastomers will create auxiliary bonds in the construction of the pavement and
will lead to a more stable frame structure. Binding of polymers to bituminous binder creates a more
protected structure of layers, which allows more intensive use of geotextiles and geogrids.

Geometric modeling of the layers of the pavement shows a significant increase in the
strength of each layer of the structure. But another extraordinary property of such a coating is the
reduced weight of the structure with higher strength characteristics, as a consequence [1].

Thus, for these properties the following, when adding to the construction bitumen geolayers
of different geometry, especially spatial increases the specific strength of the binder on the example
of the formula:

R:n=RD
where,
R - is the strength of the material MPa;
D - relative density of the material kg /m>

Therefore, the consequence of this formula shows that the actual increase in the density of
the final material and leads to an increase in the weight of the layers of such a coating. But there is a
consequence of Hooke's law*, that the stronger the material and the lighter it is, the greater its
specific strength. There is a paradox when to increase the durability of the road you need to create
heavy and thick layers, which contradicts the above consequence of Hooke's law. An alternative to
such methods in the creation of light aggregates and geogrids based on polymers of different
geometries and low densities, to reduce the weight of the whole structure and as a consequence,
longer life of the road due to non-destruction under its own weight, causing constant stress in the
road structure.

1. Mozgovoy V.V. Scientific bases of maintenance of temperature crack resistance of asphalt concrete coverings:
dis. Dr. Tech. Science: 05.22.11. Mozgovoy Vladimir Vasilyevich; Kiev Automobile and Road Institute - K., 1996.
343 p

2. Qin Xiaoxuan (PRC), Mikhailov AI Modeling of stress-strain state of pavements with cracks in the pavement:
Kharkiv National Automobile and Road University - H. 2020. 267p.

"~ Hooke's law - here the classical formulation of a consequence of specific strength in other words is used.
Coefficient of constructive quality.
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OerMi ACMEKTH BUSHAYCHHSA e(l)eKT](IBl-IOCTi BOrHe3aXHUCTy TKAaHUH.

Onvea Bonoapenko, kano. mexu. Hayk, doyenm kageopu 6yoieenvHux mamepianis,
FOpiii Ilanko, 0-p mexn. nayk, npoghecop,
Anina Amnyk, cmyoenm

Kuiscokuii nayionanonuii ynisepcumem o6yoienuymea i apximexmypu (m. Kuis),
Hayxroso-0ocnionuil incmumym & ’siicyuux pevosun i mamepianie (M. Kuig)

OnHUMH 3 HAWOUIBII PO3MOBCIOUKEHUX MaTepianiB Julsd O3J00JECHHS T'POMaJChbKUX
MIPUMIIICHb 3aIUIIAI0THCS TKAHUHU (TapAMHHU, IITOPHU, 3aHABICKM), alle B 3B’SI3Ky 3 IX IiJIBUIECHOIO
TOPIOYICTIO Taki Marepiald BiIHOCATBCS [0 MOXKEKOHEOE3NeUHHX. 3SHIKCHHS TOPIOYOCTi i
PO3pOOICHHS Ba)KKOTOPIOYMX Ta BaKKO3aMMHCTUX MaTepialiB € OJHUM i3 OCHOBHHX HAIPSIMKIiB
TIOTIePE/DKCHHS BUHUKHEHHS IT0XKEeXI Ta BUPILICHHS NPOOJICMH PO3IIMPEHHS 00J1acTi 3aCTOCYBaHHS
mux MmatepianiB [1]. OOpoOneHHs 3aco0amMy BOTHE3aXHMCTYy CYTTE€BO BIUIMBAE Ha MOIIUPEHHS
MIOJTyM 51, 103BOJIsiE HabaraTo 3MEHIIUTH AUMOYTBOPIOBAIbHY 34aTHICTh Ta TEILIOBHALIECHHS. ToMy
1ocTae HeoOXiHICTh NOCIIIKCHHs YMOB yTBOPCHHs Oap’epy Ajs PO3IOBCIODKCHHS MONYM’s Ta
BCTAHOBJICHHS €()eKTUBHOI /il HOKPUTTS 3 YTBOPEHHSIM LIapy KOKCY, 110 JaCTh MOXIIMBICTb BKHTH
3aXO0/1iB JUIS JIKBIgaIii MoxKexi.

V 3B’S3Ky 3 IMM BIINOBIAHO 10 [2] mpoBeaeHO mnomepenHi BUNPOOYBaHHS Ope3eHTOBOT
TKaHMHHU Il BUTOTOBJICHHSI HAMETIB, sIKi OyJiM 0OpoOseHi KOMIO3HIi€l0 Ha OCHOBI (ochopHo-
aMOHIIHUX COJIeii 3 JoIaBaHHAM IPUPOIHUX MOJIIMEPIB ISl i JBUILCHHS eIaCTUYHOCTI (puc. 1).

CyTh MeTORy BHUINPOOYBAaHHA HA 3alMUCTICTh MOJIATa€ B OLIHIOBAHHI XapaKTEPHCTUK
TOpiHHS MatepiaiiB Ml Ji€l0 TOoIyM’s B JaOOpaTOpPHUX yMOBaX, sIKi KOHTPOJIOOThCs. Jliist
MPOBENCHHS BHIPOOYBaHb 3aCTOCOBYIOTH BHIPOOYBAlbHY YCTAHOBKY, B SKiif 3aKpilLTIOIOTH
BUNPOOYBATbHUI 3pa30K TEKCTWIBHOTO MaTepiany (po3mipoM 220 x 170 MM) 1 miABOAATH ra30BHil
MaJbHUK 3 BUCOTOIO 1osrym st 40 Mm mpotsirom 15 c.

a) B)

Puc. 1. — IIpouec BunpoOyBaHHs TKAHUHU: a — HEOOpPOOJIEeHa; O — BOTHE3aXHIIEHA; B —
pe3ysbTar BUPoOYBaHHS BOTHE3aXUIIEHOT TKAaHUHH.

Ilicnst mpoBeeH st BUNPOOYBaHHS BUIHO, 1110 3pa30K HE0OPOOIEHOT TKAHHHH Yepe3 MPOMDKOK y 5 ¢
3afHABCS, BOTHE3AXMIICHA TKAHWHA BUTPUMANA [0 MONTyM’s, HE IATPHMYe CaMOCTIHHE TOpIHHA,
TOLIKO/DKEHHS 3pa3ka CTAHOBUIIO He Oubiie 50 MM.

TakuM 4YuHOM, 3aIpONOHOBAaHA pPO3pOOKA CHPSAMOBAaHA HA CTBOPEHHS BOTHE3aXHCHUX
MarepianiB Ui KOHCTPYKIiH 3 TEKCTHIBHUX BHUPOOIB 3a PaxyHOK HaIpaBIEHOTO (OpMyBaHHS
€JIaCTUYHOTO MOKPUTTS, CTIMKOTO 10 il NepeMiHHUX TeMIIepaTypHO-BOJIOTICHUX (haKTOpIB.

1. Kpusenxo I1.B. Bornesaxuct Oy/tiBenbHIX KOHCTpYKLLl 3 aepesrnn. Teopis Ta npaktika: MoHorpadis / IT.B. Kpuserko, 10.B.
arxo, C.I'. T'y3iit. — Xapkis: Bunasuuirso ta apykaphs I «Texsonoriummii nentp». — 2018, — 348 .

2. ICTY 4155 Marepianu TekctiibHi. MeTton BunpoOyBaHHsS Ha 3ailMUcTiCTh. — KuiB: JlepKCmoXuBCTaHIapT
Vkpainu, 2003.
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Some aspects of determining the effectiveness of fire protection of tissues.

O. Bondarenko, Candidate of technical Sciences, Associate Professor of the Department of
Building Materials,

Yu. Tsapko, Doctorof't technical Sciences, Professor,

A. Yatluk, Student

Kyiv National University of Construction and Architecture in Kyiv,
Scientific Research Institute for Binders and Materials in Kyiv

One of the most common materials for the decoration of public premises remain tissues
(curtains, curtains, curtains), but in connection with their increased combustibility, such materials
relate to fire hazard. Reducing combustibility and development of heavy and heavyweight materials
is one of the main areas of fire prevention and solving the problem of expanding the application of
these materials [1]. The treatment of fireproof means significantly affects the spread of the flame,
allows you to significantly reduce the smoke-forming capacity and heat dissipation. Therefore, it is
necessary to study the conditions for the formation of a barrier to distribute the flame and
establishing an effective coke coke layer, which will enable measures to eliminate the fire.

In this regard, according to [2] preliminary tests of canvases for the manufacture of tents,
which were treated with a composition based on phosphorus-ammonium salts with the addition of
natural polymers to increase elasticity (Fig. 1).

The essence of the test method for flammability is to evaluate the characteristics of
combustion of materials under the action of a flame in laboratory conditions controlled. For tests, a
test installation is used in which the test sample of the textile material (220 x 170 mm) is fixed and a
gas burner with a flame height is 40 mm for 15 seconds.

9

a)
Fig. 1. — The process of tissue testing: a — untreated; b — fireproof; ¢ — the result of the test of
fire-proof tissue.

After testing, it is evident that the sample of untreated tissue through the gap of 5 seconds
has begun, the fire-proof tissue withstood the effect of the flame, does not support independent
combustion; the sample damage was no more than 50 mm.

Thus, the proposed development is aimed at creating fire protection materials for structures
of textile products due to the directional formation of the elastic coating, resistant to variable
temperature-humid factors.

1. Krivenko P.V. Fire protection of building structures from wood. Theory and Practice: Monograph / P.V.
Krivenko, Yu.V. Tsapko, S.G. Guziy. — Kharkiv: Publishing and Printing house PP "Technological Center". —2018.
—348 p.

2. DSTU 4155 Textile materials. Test method for flammability. — Kiev: Derzhspozhyvstandart of Ukraine, 2003.
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IlepcnexkTHBH OTPUMAHHS CYyYaCHHX MaTepiaiiB Ta BHPOOiB Ha OCHOBI TeXHOTeHHUX
NPOAYKTIB

Onvea I'onuap, xano.mexu.nayk, ooyenm kagheopu 6yoisenvHux mamepianiis,
JImumpo AHOnKo, KaHO.MexXH.HAYK, OoyeHm Kageopu 6yOdisebHUX Mamepiais,
[ap's Pyoseit, cmyoenmra

Kuiscbroeo nayionanvrHoeo yuigepcumemy 0yoienuymea i apximexmypu (m.Kuig)

Docorine npeacranse cod00 TEXHOTEHHUN MPOIYKT, OTPUMAHUH PH KUCIOTHIN nepepooii
MiHepaliB, moO MicTaTh (ocharn KanbLito (amatutd, ¢Gocdoputn). Y mUX MiHepamax, Kpim
LIJTPOBUX PEUOBMH, MICTATHCS IOMIIIKHM, OaraTo 3 sKHMX 3aJIMIIAIOTHCS B CKIaai Qocdorimncy.
OCKIiJIbKM BOHU € PO3YMHHMMH y BOJI 1 JICTFOUMMH, TO B CE30H JOIIIB 1[I PEYOBUHU BHMHUBAIOTHCS
JIOIIIOBOIO BOJOIO 1 MOTPAIUIAIOTH Y BOJOHOCHI TOPH3OHTH, @ 3BIATH - B NMPOIYKTU CIIOKUBAHHS.
OCHOBHUMH JIOMIIIKaMH, IO MicTATbCcA B (ocdorinci, € pocdaru i Gpropuau, yacto y dopmi
BUIBHUX KHCJIOT - (oc(hOpHOT 1 IUIaBUKOBOI. 3riHO 3 JaHUMH XIMIYHOTO aHANi3y B BiJBaJIbHOMY
¢docdorinci moxke mictutrcs Ounbie 1% 3amumkoBux ¢docdari i 6inbme 0,5% - dropuuis. Sk
BUIUIUBAE 3 Ha3BH, ¢ocdorinc - ne cyapdar Kampllito, XIMIYHUNA aHAIOTr IPUPOJHOTO TilCOBOTO
KaMEHIO, 3 SIKOT0 BUPOOJISIFOTH TIllCOBI B'SDKYYi PEUOBHHH. 31aBasiocsi O, caMUM pailioOHATbHUM
cnocoboM yrumizauii ocdoriney, sSK Biaxody, € nepepodka HOro Ha riflcoBy B'sHKydy pPEedOBHHY,
TaK caMo SIK 3 IPUPOAHOI cupoBuHH [1-2]. Aue, Ha *aJlb, TaKUil NPSIMHUI MiOXiX HE CIPALbOBYE 1
Ha Te € aBl npuyuHU. [lepma npuymHa - po3mip yacTok Qocdorimncy. Y mporeci YTBOPEHHs
dbocdorinc Gopmye npidHI KPUCTAIN YACTO rOIYACTOI 1 IIaCcTHHYACTOI hopMu. SIKIIo mepepodUTH
(ocdorimnc 3a TEXHOIOTIEI0, IKa 3aCTOCOBYETHCS UL OTPHUMAHHS Tillcy 3 IPUPOJIHOI CHPOBHHH, TO
oTpuMaHuil Matepian Oyae MaTu B 2 ... 3 pa3u Oulbllly BOAONOTPEOy, MOPIBHSHO 3 MaTepialoM Ha
OCHOBI IPHPOIHOI CHPOBUHU. BinmoBigHO, MiCIsA 3aTBEpAIHHSA MU OTPUMAEMO IITYYHHH KaMiHb 3
HHM3BKOIO MIIHICTIO Ta BEJIHKOIO YCANKOIO, IKMW Oyae CXMIIbHHIl 10 po3TpicKyBaHHS. Tomy mis
orpuMaHHt 3 (ocdorincy OyniBenpHOro Marepiadly 3 BHCOKHMH €KCILTyaTallifHUMU
XapaKTEePUCTHKAMU TOBOJHUTHCS BUKOPHCTOBYBATH CIICLiajbHI METOAM HepepoOKH, siki Habarato
nopoxue. Jlpyra mpu4rHa - TOKCUYHI CIIONYKH, TaKi K 3aJIMIIKK KUCIOT (cipyaHoi, ¢pocopHOi i,
10 HaiiHeOe3MeyHile, TIABHKOBOI) 1 JOMINIKKA BaXXKHX 1 TOKCHYHHUX MeTamiB. TakoX B JESKUX
Buzax Qocdorincy MiCTATHCS paliOaKTHBHI €IEMEHTH CiMeICTB ypaHy i Topiro. L{inkom npupozHo,
110 TaKUH TOKCHUYHUH TPOAYKT 3a00pOHEHUH 10 Oe3rmocepeIHbOro 3aCToCyBaHHs Y Oy 1IBHULTBI.

OnTUManbHAM BHUPINIEHHAM Hpobiemu nepepoOku ¢ocdorincy, o I03BONsSE MOAOTATH
3a3Ha4yeHi MEPENIKOH, € TIPOBEJCHHS MOBHOI MepeKpucTatizamii JByrijiparya cyibdara Kajbllito,
TOOTO MepeKpUCTAi3allis Yepe3 IIOBHE PO3UMHEHH. Takuil Miaxix 103BOMISE K OTPUMATH CyIb(aT
KaJbLil0 B (OpPMi BEJMKHX KPHUCTATIB, TaK i e()EKTUBHO OYUCTHUTH (HOCHOriNnC Bix TOMIIIOK.
TexHouorist mepepoOKM CKIANAETBCS 3 JIBOX CTaid: mepimia cramis — BwiydeHHs 90 ... 95%
¢docdorincy y BuUrmami uucroro cyibhary Kaublilo; Opyra - TiIpoMeTalypriiHa mnepepoOka
OTPHMAHOTO KOHLICHTPATY, B Pe3yJIbTaTi IKOT OTPUMAEMO OKPEeMi OKCHIH, CKIaJ i CTPYKTypa SIKHX
3aJICKUTh B BHOY 1 KUIbKOCTI moMimok y ¢ocdorinci. KinneBum mpomyktoM mepmroi crafii
nepepoOKH MOKYTh OyTH Taki MaTepialii K TillCOBa B'ShKydYa pEYOBHHI MigBHIIeHOI Oimm3Hu (600
... 650 kr 3 ToHM (ocorincy), CHUHTETUUHUH TOHKOANUCIIEPCHUI KaJbLUT - HAOBHIOBAY Juisi (apo,
mwiactMac, mnakiaiBok (550 ... 600 xr 3 ToHum mnepepobieHoro (Gocdorincy), OKCHI KalbIito
(neramene BarnHo, 300 ... 350 kr 3 ToHM ocdorincy) ado riapokcus Kaiblliro (raneHe BamHo, 400
... 450 xr 3 ToHH (ocdorimncy

OTpuMaHi TakUM CIIOCOOOM IepepoOky (ocdorincy MaTepiald MOXYTh OyTH IIHPOKO
BUKOpHMCTaHI B OyNIBHMUTBI, HAmNpHKIaJ, B CKIaJl Cyxux OyniBenbHUX cymimieit i ¢ap0, npu
BUTOTOBJICHHI TiIICOKapTOHY, T'IICOBUX Ma30TPEOCHEBUX IUIUT TOLIO.

1. Tymunnpkuit SI. M., Mamuk 1O. O., Mansoauuii M. C., Bonikosa H. M. KommiekcHa niepepodka dochoproi
cUpoBHHH YKpainu // XimiuHna npomucioBicts Ykpainu. Ne 1. K., 1998. C. 8—9.

2. Yepesxos 10.M., I'aturopeska H.I., Cynpyn JLA. Bigsanenuii docdorine sik cMpoBHHA IPU BUTOTOBJICHHI
OyniBenbHUX MaTepianiB / Martepianu HayKOBO-PAKTHYHOTO ceMinapy "['inc, TeXHOTreHHuit rinc, BUpoOu Ha OCHOBI
riney i iX BUKOpUCTaHHs B skuTioBoMy OyniBuunrsi". — K., 2004. — C. 52-59.
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Prospects of obtaining modern materials and products based on technogenic products

O. Honchar, Candidate of technical Sciences, Associate Professor of the Department of
Building materials,
D. Anopko, Candidate of technical Sciences, Associate Professor of the Department of
Building materials,
D. Rudzei, Student

Kyiv National University of Construction and Architecture in Kiev

Phosphogypsum is a man-made product obtained by acid processing of minerals containing
calcium phosphates (apatites, phosphorites). These minerals, in addition to the target substances,
contain impurities, many of which remain in the phosphogypsum. Due to the acidic environment
stored in the phosphogypsum massif, and despite washing with water, these impurities have an
active form - they are soluble in water and volatile. Thus, during the rainy season, these substances
are washed away by rainwater and fall into aquifers, and from there - into consumer products. The
main impurities contained in phosphogypsum are phosphates and fluorides, often in the form of free
acids - phosphoric and hydrofluoric. According to chemical analysis, dump phosphogypsum may
contain more than 1% residual phosphates and more than 0.5% fluorides. As the name suggests,
phosphogypsum is calcium sulfate, a chemical analog of natural gypsum stone that is used to make
gypsum binders. It would seem that the most rational way to dispose of phosphogypsum as waste is
to process it into a gypsum binder using the same technology that is used for natural raw materials.
Unfortunately, this direct approach does not work, for two reasons. The first reason is the particle
size of phosphogypsum. In the process of formation, phosphogypsum forms small crystals, often
needle-shaped and lamellar. If you process phosphogypsum according to the technology used to
obtain gypsum from natural raw materials, the resulting material will have 2 ... 3 times more water
consumption compared to the material based on natural raw materials. Accordingly, after curing we
will get an artificial stone with low strength and high shrinkage, which will be prone to cracking.
Therefore, to obtain from phosphogypsum building material with high-performance characteristics
have to use special processing methods, which are much more expensive. The second reason - toxic
compounds such as acid residues (sulfuric, phosphoric, and, most dangerously, hydrofluoric) and
impurities of heavy and toxic metals. Also, some types of phosphogypsum contain radioactive
elements of the family's uranium and thorium. It is natural that such a toxic product is prohibited for
direct use in construction.

The optimal solution to the problem of processing phosphogypsum, which overcomes these
obstacles, is the complete recrystallization of calcium sulfate dihydrate, ie recrystallization through
complete dissolution. This approach allows you to get calcium sulfate in the form of large crystals,
and effectively clean phosphogypsum from impurities. Processing technology consists of two
stages: the first stage - extraction of 90 ... 95% of phosphogypsum in the form of pure calcium
sulfate; the second - hydrometallurgical processing of the received concentrate as a result of which
we will receive separate oxides which components and structure depend on a kind and quantity of
impurity in phosphogypsum. The final product of the first stage of processing can be such materials
as gypsum binder (600 ... 650 kg from a ton of phosphogypsum), synthetic fine calcite - a filler for
paints, plastics, putties (550 ... 600 kg from a ton of processed phosphogypsum), calcium oxide
(quicklime, 300 ... 350 kg per ton of phosphogypsum) or calcium hydroxide (slaked lime, 400 ...
450 kg per ton of phosphogypsum).

The materials obtained in this way of processing phosphogypsum can be widely used in
construction, for example, in the composition of dry construction mixtures and paints, in the
manufacture of gypsum board, gypsum grooved boards, and the like.

1. Humnytskyi Ya. M., Malyk Yu. O., Malovanyi M. S., Volikova N. M. Complex processing of phosphorus raw
materials of Ukraine // Chemical industry of Ukraine. - Ne 1. - K., 1998. - P. 8—9.

2. Cherviakov Yu.M., Piatyhorska N.I., Suprun L.A. Dump phosphogypsum as a raw material in the manufacture of
building materials / Materials of the scientific-practical seminar "Gypsum, man-made gypsum, gypsum-based
products and their use in residential construction". — K., 2004. — P. 52-59.
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TexHo10rii BiiHOB/ICHHS 32J1i300€TOHHUX CIIOPY/ 3 BUKOPUCTAHHAM HAHOMOIHU (PiKOBAHNX
LeMEHTHO-M0JiMePHUX PO34YHHIB.

Mapuna Cyxanesuu, 0okm.mexm.Hayk, npoghecop Kagheopu 6yoisenvHux mamepianis,
Bnaoucnae Tkau, cmyoenm,
Bnaoucnae I'aniya, cmyodenm

Kuiscbkoeo HayionanbHo2o yHisepcumemy Oyoienuymea i apximexmypu (m. Kuis)

IligBuiieHHss BOZOHENPOHUKHOCTI Oy[JIBEJIbHUX KOHCTPYKIIH BCEe 4acTilie CTae
MPIOPUTETHOIO MHPOOIEMOI0, SIKy MOXKHA BHPIIIUTH 32 PAaxXyHOK BHKOPHCTAHHS IEMEHTHUX
po3unHiB. Ha cpOrogHi NEpCHEKTHBHUM HANPsIMOM IOKPAILICHHS BJIACTHBOCTEH LEMEHTHHX
KOMIIO3HIIMHUX MaTepialiB € BUKOPUCTAHHA HAHOTEXHOJOTIH, B SKUX 3aCTOCOBYIOTh PCUHBUHU
posmipamu 10°m [1]. /I posunHiB, AKi B 3aTBEpAiIOMy BUIVIAI € TOHKOIIAPOBUMH HOKPUTTAMH,
3 yCIX ICHYIOUMX Ta JOCII/UKEHHX HAaHOOO €KTIB JOLIILHUM BOAYAETHCS 3aCTOCYBAHHS BYTJICLIEBUX
HAHOTPYOOK 3aBJIKM IX YHIKaJbHO BHCOKHM (Di3MKO-MEXAaHIYHUM XapaKTEPHCTUKAM Ta 3HAUHIl
MOBEepXHERBii eHeprii [2].

Mera mocmimKeHHS - BH3HAYCHHA OCOONMBOCTEH BHKOPUCTaHHS HAHOMOIU(DIKOBAHHX
[IEMEHTHO-TIOJIIMEPHUX PO3YHMHIB sl BIAHOBJICHHS, T1POi30JIAIil OETOHHUX CIIOPY/I.

Po34YMHM BHTOTOBJISAIOTH Y BUIIISII JBOKOMIIOHCHTHOI CyMIllli, SIKa CKIaJa€Thesi 3 CyXol
4acTHHU (IIUIAKOMICTKUI LeMEeHT, (ppaKLiOHOBAaHMI IICOK, aTIOMOCHIIKaTHAa A00aBKa) Ta PiaAKol
yacTuHM  (aucnepcis —Iwiactudikaropa MeaaMiH(QOPMAaNbAETiIHOIO THUITy 3  BYIJICLEBUMH
HaHOTpYyOKamu) [3]. TexHomoris BinHOBICHHS Oy/iBEIbHUX KOHCTPYKIIH BKIOYA€ MPUIOTYBAaHHS
JBOKOMIIOHEHTHOI cyMiIl Oe3rnocepesHbo Iepe]] BUKOPUCTAHHSIM Yy KUTBKOCTI, HEOOXITHIHM Uit
nokputts 1,0-1,5 M? oI Ta caMoro MpoIecy HAHECEHHs Ha MOBEPXHIO 6eToHy (puc.1).

o

B)
Puc.1. - TexHooris HAaHECEHHS TiAPOI30JALIMHOTO PO3YHHY: a) BUXiIHA KOHCTPYKILisi; 0) mporec
HAHECEHHs IIOKPUTTS; B) BIAHOBICHA IOBEPXHI KOHCTPYKIIIT

OcCoONUBICTIO HAHECEHHSI PO3YMHY € HEOOXITHICTb MONEPEIHBO 3BOJIOKHMTH MOBEPXHIO Ha
ruOuHy 3-5 MM, perenbHe ii OYMCTUTH, Ta BUIAAJIUTH CiadKi yacTuHkH. [lepumii map po3uunty,
SIKUI HAHOCSTH IITaTeseM, Mae OyTH ToBHIMHOKO 3-5 mM. [licis 3aTBepiHHs MOKpUTTs depe3 10-
12 roguu iforo HEoOXiZHO 3BONOXKUTH, Ta MOTIM HAHOCHTH IPYTUil IIap TOBIIMHONIO 2-3 MM.
BukopucTaHHs BiIpDEMOHTOBAHOI Ta 130JIbOBAHOT KOHCTPYKII MokHa depe3 7-8 mi6 rmicist
3aTBEPAIHHS PO3UHHY.

Otpumanuii HaHOMOIU(]IKOBAHUI MaTepiall XapaKTepU3y€eThCsl TAKUMU CSKCIUTyaTaliiHUMH
BIIACTUBOCTSIMH:  MIIHICTIO T1pu  cTHCKy 35...49 MIla, koedilieHTOM BOJIOIOTIMHAHHS
0,018...0,021 Kr/M2~\/r0):[, aaresiero  1,5...2,0 MIla, Bopmonenponuknictio 0,74...0,87 MIla,
KOpO3iHHOIO CTIHKICTIO B CyJbhaTHOMy cepenouiii 0,73...0,92, mopo3octiiikicTio 10 200 1uKIiB
[3].

1. Middendorf B. Macro- Micro- Nano- Nanotechnology for development of binder and concrete .BFT. 2005. Ne 2.
P. 16-17.

2. CyxanmeBnd M.B. IlpuHImnm KoMmo3HIiiHOi MoOyJOBH TiIpOi30IAIIHHMX MaTepianiB Ha OCHOBI IIEMEHTIB,
Mo n(DiKOBaHUX MiKpo- Ta HaHojgoOaBkamu. ByniBenbHi mMartepianm, BUpoOM Ta caHiTapHa TexHika. - Bum.58. -
2017. - C.149-157.

3. Pushkarova K. Using of untreated carbon nanotubes in cement composition / Pushkarova K., Sukhanevych M.,
Marsikh A. // Materials Science Forum. — Trans Tech Publications, Switzerland, 2016. — Vol. 865. — P.6-11.
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Technologies for the restoration of reinforced concrete structures using nanomodified
cement-polymer solutions.

M. Sukhanevych, Dr.Sc., Professor of the Department of Building Materials,
V. Tkach, Student
V. Galica, Student

Kyiv National University of Construction and Architecture (Kyiv)

Increasing waterproofing building structures increasingly becomes a priority problem that can
be solved by using cement mortars. Today, a promising direction for improving the properties of
cement composite materials is the use of nanotechnologies in which the gates are used in size 10°m
[1].

For solutions, which in hardening form are thin-layer coatings, from all existing and
investigated nanobjects it is expedient to use of carbon nanotubes due to their uniquely high
physical and mechanical characteristics and significant surface energy] 2].

The purpose of the study is to determine the features of the use of nanomodified cement-
polymeric mortars for the recovery, waterproofing of concrete structures.

The mortar are manufactured in the form of a two-component mixture consisting of a dry part
(slag cement, fractionated sand, aluminosilicate additive) and a liquid part (dispersion of
melamine-formaldehyde type plasticizer with carbon nanotubes) [3].

The technology of recovery of building structures includes the preparation of a two-
component mixture directly before use in an amount required to coating 1.0-1.5 m? of the area and
the process itself to the concrete surface (Fig. 1).

b) c)

Fig. 1. - Technology of applying a waterproofing solution: a) the initial design; b) the coating
process; c) the restored surface of the construction

The peculiarity of application of the mortars the need to pre-moisturize the surface to a depth
of 3-5 mm, thoroughly cleaned it, and remove weak particles. The first layer of a mortar is applied
with a spatula should be a thickness of 3-5 mm. After hardening the coating in 10-12 hours it needs
to moisturize, and then apply a second layer of 2-3 mm thick. The use of a repaired and insulated
design can be 7-8 days after hardening of the mortar.

The resulting nanomodified material is characterized by the following operational properties:
compression strength 35 ... 49 MPa, a water absorption coefficient of 0.018 ... 0,021 kg/m*-h,
adhesion 1,5 ... 2.0 MPa, waterproofness 0,74 ... 0,87 MPa, corrosion resistance in a sulfate
medium 0.73 ... 0.92, frost resistance to 200 cycles [3].

1. Middendorf B. Macro- Micro- Nano- Nanotechnology for development of binder and concrete. BFT. 2005. No.
2.P.16-17.

2. Sukhanevich M.V. Principles of composite construction of waterproofing materials based on cements modified
by micro and nano-alignment. Building materials, products and sanitary equipment. - Vyp.58. - 2017.- p.149-157.

3. Pushkarova K. Using of Untreated Carbon Nanotubes in Cement Composition / Pushkarova K., Sukhanevych M.,
Marsikh A. // Materials Science Forum. - Trans Tech Publications, Switzerland, 2016 - Vol. 865. - P.6-11.
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Oco0smBocTi MOpo3ocTiiikocTi GeTOHY Ha 0CHOBI MO/IM(iKOBAHOTO HIAKONOPTIAH/IEMEHTY.

Onvea Bonoapenko, kano. mexu. Hayk, doyenm kageopu 6yoieenvHux mamepianis,
[Jmumpo I'oy, cmyoenm
Cepzint Bpoooscokuit, cmyoenm

Kuiscokuii nayionanohuil ynisepcumem o6yoienuymea i apximexmypu (m. Kuis)

Koxen pik Bce Oibliie pO3MIMPIOETHCS chepa 3aCTOCYBAHHS MITAKOMOPTIAHALEMEHTIB PU
BUPOOHMITBI 301pHOTO 1 MOHOJITHOrO 3aii300eToHy. OjHAK, OJHUM 3 3aTPUMYIOTh YMHHHKIB
TAKOro 3aCTOCYBaHHS OCTOHIB Ha HIIAKOMOPTIAHALIEMEHTI, € HOro Mopo3ocrtiiikicts [1]. beronu na
OCHOBI INIJIAKOMOPTIAHIEeMEHTY BUTpUMYIOTh 50...100 1uKIIiB 3aMOpOXKYBaHHS 1 BiATaBaHHS.
Tomy, 3 ogHOTO GOKY, OOMEKYIOTH 3aCTOCYBAaHHS TAKHUX LIEMEHTIB /I BUPOOIB 3 MOPO30CTIHKICTIO
6erony mMapok g0 F75...100, a60 103BOJISIOTH iX 3aCTOCYBaHHS JUIs OUIbII BUCOKHUX 3HAYEHb MapoOK
[0 MOPO3OCTIHKOCTI IpM YTpUMaHHI LIJaKy B HITaKoHopTiaaHaueMeHTi He Oinbme 30..35%; 3
IHIIOro OOKY € BIZIOMOCTi HPO MOKJIMBICTH OTPUMaHHS OCTOHIB HAa TAKHUX IIEMEHTAX 3 MapKoOIO IO
mopo3socrtiiikocTi F500 i 6inbure. [Ipore, 3a3Buuaii, 1IIaKONOPTIAHIIIEMEHT HE PEKOMEHAYIOTh JUIs
BUPOOIB 1 KOHCTPYKIill, IO NpaIolTh B 0cOONNBO cyBopHX yMmoBax. OmHak, chopMoBaHa B
nporeci rigparanii TOHKOJMCIIEPCHA CTpYyKTypa ripaTHHX HOBOYTBOPEHb
LIJTAKOTIOPTIAH/IEMEHTa, CIPHUSIE 3MEHIICHHIO KalsipHOI MOPUCTOCTI 1 3pOCTaHHS pe3epBHOT
MOPHUCTOCTI, 1110, B LIJIOMY, MOKE MOCIPHSTH IMiIBUICHHIO TOKa3HHKA MOPO30CTIHKOCTI [2].

Jnst oTpMaHHs B'sDKy40l pEYOBUHH 31 3MIHHHM BMIiCTOM I'PaHyJIbOBaHOTO JOMEHHOIO LIJTAKY
(TAlI) 1 cxaomopomky (CII) B sSKOCTI CHPOBHHHHMX KOMIIOHEHTIB BHKOPHCTOBYBAIIH:
nopraananement 111 I-500-H, /I, 6iit taprOTO cKita, foOaBka nomidyHKIionansHo1 aii — Coral
N-4. TBepuiHHA CTaHZAPTHUX 3pa3KiB 3IMCHIOBANOCS B Kamepi NpH HOPMaIbHUX YMOBax
npotsiroM 2, 7 i 28 1i6. Mopo3ocriiikicTs OeToHHuX 3pa3kis BusHavamm 3a JICTY b B. 2.7-49-96 3a
nprckopeHoro meroaukoro (111 meron) B aBTOMaTn4HIl XonmoqubHIM kamepi YTU-175-X-1/-20-50.

B pesymprari  mpoBeneHHMX ~— AOCHIDKEHb — [IOKa3aHO, LI0  BBEJACHHS  JO0OAaBKU
nomipyskuionansHoi aii — Coral N-4 (0,2%) i ckionopomky B onTHMaibHIN KimbkocTi — 5% 1o
CKJIaJly 1UIAKONOpTIaHIeMeHTy, sikuil mictuts 40% AL (puc. 1, 6), nopisusiao 3 20% I'JILI
(puc. 1, a), 3abe3meuye yTBOPEHHS MiHIManbHOI KUIBKOCTI JbOLY IIPHU OXONOIKCHHI 1O
temmneparypu -25°C — 10 4,6 r/om’; ipu oxonokeHHi 10 Temnepatypu -20°C — 10 2,8 1/0M%; npu
oxonomkenHi o Temmeparypu -10°C — 0,1 r/0m’, MmO 3yMOBIEHO 3MEHIIEHHAM 00’ eMy
KaliApHUX 1op Matepiany. [Ipu 3a3HaueHHX TeMIepaTypax OXOJOMKCHHS BINIOBiIHI 3HAYCHHS
JIbOJIOYTBOPEHHS BiNOBiar0Th 400 «cTaHIapTHUM) IUKIAM MOPO30CTIHKOCTI OETOHY.

——ONOND
—dr— Harpia

5 5 15, - és ;3 5o et

0)

Puc. 1. — JIbonoyTBOpEHHSs Ta MOPO3OCTIHKICTh OETOHY Ha OCHOBI IJTAKOMOPTIIAH/LIEMEHTY 3 BMICTOM

ONTUMAJIBHOI KUTBKOCTI CKIONOPOIIKY (5%) 1 no6aBku nomiyHkuionansHoi ii — Coral N-4 (0,2%) ta
'L B kinbkocTi, %o: 20 (a); 40 (0) 3a51eXHO BiJ| TEMIIEpaTypH Ta pO3MIpy KariISIPHUX 110p.

Bricoki MOKa3HUKN MOPO30CTIHKOCTI CBITYATh MPO JOBIOBIUHICTH OTPUMAHHX OCTOHIB, SIKI MOXKYTh
OyTH PeKOMEHIOBaHi JUIsi OTPUMaHHS OCTOHIB CIIEIIAIEHOTO IIPH3HAYCHHSI.

1. T'opyakos I".1.. TToBbieHre MOPO30CTONKOCTH OETOHA B KOHCTPYKLMSIX MPOMBIILICHHBIX X THAPOTEXHIUECKUX COOPYKEHN /
T".1. T'opuaxos, M.M. Karkun, B.I'. Ckpamraes. — M.: Ctpoiiusnar.

2. Tposin B.B. Moznemopanust Mopo3ocTiiikocti 6etory / B.B. Tpostx, H.O. Copa // ByniBesnbHi Matepiai, BUpOOH Ta caHiTapHa
TexHika. —2013. — Bum. 49. - C. 139-144.
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Features of frost resistance of concrete on the basis of the modified slag Portland cement.

O. Bondarenko, Candidate of technical Sciences, Associate Professor of the Department of
Building Materials,

D. Gots, Student

S. Brodovsky, Student

Kyiv National University of Construction and Architecture in Kyiv

Every year the scope of application of slag Portland cements in the production of precast and
monolithic reinforced concrete is expanding. However, one of the delaying factors in the use of
concrete on slag Portland cement is its frost resistance [1]. Concretes based on slag Portland cement
can withstand 50...100 cycles of freezing and thawing. Therefore, on the one hand, limit the use of
such cements for products with frost resistance of concrete grades to F75...100, or allow their use
for higher values of grades on frost resistance when the slag content in slag Portland cement is not
more than 30..35%; on the other hand, there is information about the possibility of obtaining
concrete on such cements with the frost resistance brand F500 and more. However, slag Portland
cement is usually not recommended for products and structures operating in particularly harsh
conditions. However, formed in the hydration process, the fine structure of hydrated neoplasms of
slag Portland cement, reduces capillary porosity and increases reserve porosity, which, in general,
can increase frost resistance [2].

To obtain a binder with a variable content of granular blast furnace slag (GBFS) and glass
powder (SP) as raw materials used: Portland cement PC I-500-H, GBFS, battle tare glass, additive
multifunctional action — Coral N-4. Curing of standard samples was carried out in a chamber under
normal conditions for 2, 7 and 28 days. Frost resistance of concrete samples was determined
according to DSTU B B. 2.7-49-96 by the accelerated method (I1I method).

As a result of the conducted researches it is shown that introduction of additive of
polyfunctional action — Coral N-4 (0.2%) and glass powder in optimum quantity - 5% to structure
of slag Portland cement containing 40% GBFS (fig. 1, b), in comparison with 20 % GDSH (fig. 1,
a), provides the formation of a minimum amount of ice when cooled to a temperature of -25 °C up
to 4.6 g/dm’; when cooled to a temperature of -20 °C — up to 2.8 g/dm?; when cooled to a
temperature of -10 °C — 0.1 g/dm?, which is due to a decrease in the volume of capillary pores of
the material. At these cooling temperatures, the corresponding values of ice formation correspond to
400 "standard" cycles of frost resistance of concrete.

Harpis = Harpie
5 5 15 -25 -35 i , t, oC
4 s : ; 5 5 15 25 ;35
a) b)
Fig. 1. — Ice formation and frost resistance of concrete based on slag Portland cement with the

content of glass powder (5%) and additives — Coral N-4 (0.2%) and GBFS in the amount of %:
20 (a); 40 (b) depending on the temperature and size of the capillary pores.

High levels of frost resistance indicate the durability of the resulting concrete, which can be
recommended for special purpose concrete.

1. Gorchakov G.I. Increasing the frost resistance of concrete in the construction of industrial and hydraulic
structures / G.I. Gorchakov. M.M. Kapkin, B.G. Cxpamraes. — M.: Stroyizdat.

2. Troyan V.V. Modeling of frost resistance of concrete / V.V. Troyan, N.A. Sova // Building materials, products
and sanitary ware. — 2013. — Vol. 49. — P. 139-144.
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JlociliizkeHHsl TePMiYHOro PO3KJIagy KapOOHATHOI INIMXTH Ta npoueciB popMyBaHHs
KepaMiKHu cneniajibHOro NpU3HAYeHHsl.

Baoum Kyniuenko, k.x.1., doyenm xagheopu ximii,
Temsana Bimoseyvka, k.x.H., doyenm kagheopu ximii,
Onexciii Pesa, cmyoenm

Kuiscokuil HayionanvHuil yHigepcumem Oyoienuymea i apximexmypu (m. Kuis)

HanoposmipHa kepamika Ha OCHOBI MEpEXiTHUX METAJIB € MEePCHEKTUBHOIO 3aBISKH CBOIM
BaXJIMBUM (i3UKO-XiMiYHUM BiacTuBOCTSM [1]. CkiagHi OKCHIM Ha OCHOBI PiIKICHO3EMEIbHHX
HikesnaTiB OyJM CHHTE30BaHI EKOHOMIYHO €(EKTUBHUM METOJOM CIIIBHOrO ocaukeHHs. [l
IIPUTOTYyBAaHHS PO3YMHIB MU BHKOPHCTOBYBAIH HITPAaTH SK BHUXIHI pedoBHHH. I ocamKeHHS
BukopucToByBasd 0,25 M posunn K2COs. Mu BUBYaIHM MPOLECH CIIBOCA/PKEHHS 3a JIOMOMOTOI0
MmozensHoi cyminni po3unHiB La(NO3)s Ta Ni(NO3)2. CriBBiZHOIICHHS MK KOHICHTPALISIMH La’" i
Ni?* cranosuo La® *: Ni* * = 3:2, s 3aransnoi konuentpanii [La’ '] + [Ni?*] = 0, 1mons/m1.

IToka3ano, mo mMoBHe oca/keHHs 10HIB MeTaniB pozunHoM KoCOs nocsraerbcs mnpu
MOJIIPHOMY BiIHONIEHHI CyMH OCaKyBaHHX 10HIB 10 ocamxyBada n = 1,75 B inTepBami pH =
10-10.2. /lnst npuroTyBaHHS CyMilli PO3YMHM 3MilIyBaJIM (IIpU HEOOXINHHX CITIBBiIHONIECHHAX) y
XIMIYHOMY CTaKaHi 3a JOMOMOI'OF0 MarHiTHOT MiIIAJIKH.

Jlo noOpe nepeMilryBaHOro po3YMHY LIBHIKO JOAaBAM HEOOXIJHY KUJIBKICTH OCapKyBaya.
INoTiM Bcro cymim mepemimryBaau mpotsirom 1—2 rox. KompenumiToBaHi TiZpooKCOKapOOHATH
BUTPUMYBAJIH IIPOTATOM 3 JHIB IS CTapiHHA ocaxy. [1icis mboro aHamizyBaly CTYIIHb OCAKCHHS
ioniB wmeraniB. IlotiM ocax BindinbTpoByBalM, NPOMHUBAIM AUCTUILOBAHOK BOAOK, BOJHO-
aLIETOHOBOIO cymimmo 1:1, 1 Cymmm Ha HOBITi.

Bucyrieny cyminn mizaBand TepMidsiii 0opooii pu 900 °C npotsrom 10 roa. Iicns poro
MPOAYKT MOJPiOHIOBANIM, MpEeCcyBalld B TaOJIETKH 1 MPOXKApIOBajiM HA IMOBITPI MpHU TeMIepaTypi
1000°C nporsirom 8 rox. IToTiM OKCHIM OXOJIOJPKYBAJIM 10 KIMHATHOI TeMIepaTrypu B JyXOBIU.
Komb6inoBani TepmorpaBiMeTpuyHi Ta [Y-CHEKTPOCKOMIYHI JOCHI[UKCHHS IOKa3ald, II0
PO3KIIaaHHs cyMilli BinOyBaeThCsl B Taki TpU CTaiii: | - po3KiIagaHHS T'iIPOOKCOKapOOHATHUX
IpyI, IO CYIPOBOMXKYyeTbcs BTparoro Bogu Ta CO2, mpu 150-160°C; 2 - poskiaamaHHS
KapOOHATHHX TPYII, IO CYIPOBOMKYeThest BTpaToro CO2, mpu 450-460°C; 3 - kpucramizamisa B
nianazoni temmeparyp 880 900 °C.

BpaxoBytoun pe3ysbpTaTi IUX J0CHIDKEHb, MU 00paiu TeMneparypy npoxaproBanss 1000°C
Uit cuHTe3y 3paskiB. Cywmimn mpoxapioBanu mpotsiroM 10 rox y Turisx 3 amnyHay. Tabietku
MPO’KAPIOBAIH TPOTSITOM 8§ TOJI.

3rigo 10 CIICKTPOHHO-MIKPOCKOIIIYHUX  JIOCII/KeHb,  PO3MIp CIiBOCAIKEHUX
MIKPOKPHUCTAJIIB CTAHOBUTH KiJIbKa HAHOMETPIB, IO MOSCHIOE BUCOKY PEaKIiifHy 34aTHICTh LIMXTH.
TakuM YMHOM, METOZOM, OIIMCAHUM BHIIE, MOXKHA OTPUMATH HAHOPO3MIPHY HIUXTY, IIO J03BOJISIE
CHHTE3yBaTH CKJIaJ{HI OKCHIN 33 KOPOTIIHI 9ac i 3 MCHILIOI0 TeMIIEpaTyporo TepMooOpobky. Takosxk
MOJYKHA CHHTE3YBaTH HeCTiiki a3y NpH BHCOKHMX TeMIepaTypax, sSKi MOXYTb PO3KJIAJATUCS
IIPOTSTOM TPUBAJIOrO Yacy Bigmainy [2].

BceraHoBIICHO, 10 MOBITPSHO-CyXa CyMilll HE € MEXaHIYHOK CYMIILIIIIO0 TiAPOKCHIIB Ta
riIpOOKCOKapOOHATIB OCA[KEHHX METaliB, PO3KIAJaHHS CyMimi BinOyBaeTbcs 0€3 yTBOPEHHS
MPOMIXKHUX OKCH/IIB.

CyMICHOOCA/PKeHY IIHMXTY MOYKHA PO3IJISLIATH SIK CKJIA/IHY HOJIIMEPHY CUCTEMY 3 BOJHEBUMHM
3B’s3Kkamu. Posmax miel cymimn mpu3BOAUTH A0 MEPEepo3NOAiTy 3B'A3KiB, ane He A0 IU(Y3HHX
MIPOLIECIB 3 YTBOPEHHSAM NPOMDKHHX (a3.

1. Mohammad Ali Nowroozi, Kerstin Wissel, Manuel Donzelli et al. High cycle life all-solid-state fluoride ion
battery with La;NiO4:4 high voltage cathode// Nature. Commun. Mater. — 2020. - N27. - P.1-16.

2. Serena Esposito. “Traditional” Sol-Gel Chemistry as a Powerful Toolfor the Preparation of Supported Metal and
MetalOxide Catalysts//Materials. - 2019. — N12. - 668.
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A study of the carbonate batch thermal decomposition and the formation of special
purpose ceramics.

V. Kulichenko, Ph.D., Associate Professor of the Department of Chemistry
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0. Reva, Student

Kyiv National University of Construction and Architecture

Nano-sized ceramics based on transition metals are promising due to their important
physico-chemical properties [1]. Nano-sized crystallites of complex rare earth nickelates were
synthesized by cost effective co-precipitation method. To prepare solutions, we used nitrates as
starting substances. A 0.25 M solution of K2CO3 was used for the precipitation. We studied the
coprecipitation processes using a model mixture of La(NO3); and Ni(NOs)2 solutions. The ratio
between the La** and Ni?" concentrations was La*":Ni*" = 3:2, for the total concentration [La*'] +
[Ni*]=0.1 M.

It was shown that a complete precipitation of metal ions with K2COs3 solution is achieved at
a molar fraction of the sum of precipitated ions with respect to the precipitator n = 1.75 in the range
pH = 10-10.2. To prepare the blend, the metal solutions were mixed (at the required ratios) in a
beaker using a magnetic mixer. The required amount of the precipitator was quickly added to the
well-stirred solution. Then the whole mixture was agitated during 1-2 h.

The coprecipitated hydrooxocarbonates were held for 3 days to age the precipitate. After
this, the degree of metal ion precipitation was analyzed. Then the precipitates were filtered off,
washed in distilled water, a 1:1 water-acetone mixture, pure acetone and dried in air.

The dried blend was exposed to thermal treatment at 900 °C for 10 h. After this it was
ground, pressed into pellets and calcined in air at 1000 °C for 8 h. Then the blend was cooled down
to room temperature in the oven. The combined thermogravimetric and IR-spectroscopic studies
showed that the decomposition of the blend proceeds in the following main three stages:

1 — decomposition of the hydrooxocarbonate groups, accompanied by a loss of water and
carbon dioxide, at 150-160°C;

2 — decomposition of the carbonate groups, accompanied by a loss of CO2, at 450-460°C;

3 — crystallization in the 880—-900 °C temperature range.

Taking into account the results of these studies, we have chosen a calcination temperature of
1000 °C for the sample synthesis. The blend was calcined during 10 h in alundum crucibles. The
pellets calcined during 8 h.

According to electron microscope studies, the size of the co-precipitated microcrystals is
several nanometers, which explains the high reactivity of the blend. Thus, by the method described
above, it is possible to obtain a nanoscale co-precipitated blend, which allows to synthesize the
complex oxides in a shorter time and less heat treatment temperature.

Also it is possible to synthesize the unstable phases at high temperatures, which can
decompose over prolonged annealing times [2].

It is established that the air-dry blend is not a mechanical mixture of hydroxides and
hydroxocarbonates of precipitated metals, the blend decomposition occurs without the formation of
intermediate oxides.

A co-precipitated blend can be considered as a complex polymer system with hydrogen
bonds. The decomposition of this blend cause to a redistribution of bonds, but not to diffuse
processes with the formation of intermediate phases.

1. Mohammad Ali Nowroozi, Kerstin Wissel, Manuel Donzelli et al. High cycle life all-solid-state fluoride ion
battery with La;NiOs.q high voltage cathode// Nature. Commun. Mater. —2020. - N27. - P.1-16.

2. Serena Esposito. “Traditional” Sol-Gel Chemistry as a Powerful Toolfor the Preparation of Supported Metal and
MetalOxide Catalysts//Materials. - 2019. — N12.- 668.
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Oco6uBOCTi OTPUMaHHS 0€TOHIB MiIBUIEHOT TPIIMHOCTIHKOCTI /IS TIOPOKHIX
CTPUMYBAJILHUX KOHCTPYKIii.

Mapuna Kouesux, kano.mexn.nayx, doyenm xagpedpu 6yoigerbHux mamepianis,
Anacmacia Ilesuenko, cmyoenm

Kuiscokuil nayionanenuil ynisepcumem oyoisnuymea i apximexmypu (m. Kuig)

BaxumBy poib y MMpOKOMAcIITaOHOMY OyIiBHHITBI aBTOMOOUIBHHMX JOpIT BiJirparoTh
CTPUMYBAJbHI TPAHCIIOPTHI CHCTEMH, SIKi 3a0€3MeuyloTh 3HW)KEHHSI PH3MKY aBapiHUX CUTyalliit
IIPY BifIBE/ICHHI 3'[31y TpaHCIIOPTHOTO 3ac00y y HeOe3NeyHy 30Hy Ta 3MEHIIYIOTh X Hacmigku. [l
CTPUMYBAJIbHUX CHCTEM 4acTO 3aCTOCOBYIOTh CTAlliOHAPHI OrOPOJUKEHHs NApalleTHOrO THILY, cepe]
KX e()eKTUBHUMH € TOPOXKHI OETOHHI BHpoOH 3 mepepizoM y BUrsiai Tpamenii (mpodine «Hpro
Jixepcin). OCHOBHMMHM BHMOTaMH IO TaKHX BHPOOIB € 3IaTHICTh HPOTHCTOSATH YyHAapy 3i
cTpuMyBaibHOIO 31aTHICTIO 400...600 KX, 1110 320€31euy€eThesi BAKOPHCTAHHIM OCTOHY MIllHICTIO
Ha PO3TAT IIpH 3ruHi He Hik4ue Btb4,0 3 moposocriiikictio F200, mpu kiaci 6eToHy 3a MIIHICTIO
npu ctrcky B40 [1].

MeTow J0CHIDKEHb € BCTAHOBJICHHS MOXJIMBOCTI OTPHMAaHHS CHELiaJIbHUX OETOHIB
MiJBUAIIEHOT TPIIMUHOCTIAKOCTI Ta MIIHOCTI OpH  3rHHI Ui 3a0e3ledeHHs]  HeoOXigHOT
CTPUMYBAJIBHOI 3/IaTHOCTI BUPOOIB Ha iX OCHOBI. J[1s OTpHMaHHS TakuX OETOHIB 3aCTOCOBYBAIIU
noprrananement [1I] [-500H, micox kBapmoBmit 3 Momynem kpynHocTi Mkp=1,25, me6inb
TPaHITHUH 3 MaKCUMalbHUM po3MipoM 3epeH 20 MM, a TakoX Cynepruiactudikarop
«STACHEPLAST 131». Ins migBUINEHHS MIlHOCTI NMpU 3THHI OSTOHIB N0 X CKJIaay A0JaBajIu
MOHO}ITaMEHTHY TOJiNpoIiieHoBy Giopy aiamerpom 20 MKM i moBxkuHOM 12 Ta 18 MM, 0 He
MepeBUIILyE PO3MIp 3€peH KPYIHOro 3aroBHIOBauya. Beenenns ¢iOpu no ckiamy OeToHy crpusie
CTBOPEHHIO  TPY)XXHOi  OaraToMipHOi  CiTKHM, 110 OOYMOBIIOE 3HM)KEHHS — yCaJO4YHOTO
TPIIIMHOYTBOPEHHS, a TAaKOXK BHYTPIIIHIX HANpy’KeHb, 110 BUHMUKAIOTh B KOMIIO3ULI AK IIpU
TBEpAiHHI OeTOHY (B TOMY YHCII MiABUIIYIOYM CTIHKICTh OETOHHOI CyMmilli JO BOJOBIIIUICHHS),
Tak i IpH Horo ekcIulyaramnii 3a paXyHOK 3pOCTaHHsS yJapOCTIHKOCTI, MIIHICTh Ha 3THH Ta PO3TAT
[2]. Tloxa3aHo, MmO AMCIIEpCHE apMyBaHHs OeToHy (ibporo B kimbkocti 0,9...1 kr/m® pasom i3
3aCTOCYBAHHAM ONTHMAJBHOI KITBKOCTI cynepIuiacTudikaropa K03BOJsL€ MiABUIIUTH MIIHICTb IPU
PpO3TATY IITYYHOTO KameHio npubim3Ho Ha 30%, npu cricky — Ha 20%. HaiibOunbie 3poctaHHs
MIIHOCTI BiIOyBa€TbCsl y 3pa3kax, 10 MicTATh cymim ¢idpu nosxuHOo 12 Ta 18 MM y
criBBigHomenHi 1:1. Po3paxoBanuii koe(ilieHT TPIMIMHOCTIHKOCTI (IO BiIIOBINAE BiJHOIICHHIO
MIIHOCTI MPH 3THHI JI0 MIIHOCTI TPU CTHUCKY) Ul JMCIIEPCHOAPMOBAHMX OCTOHIB TOPIBHSHO 3
0e3100aBoYHUMH 3pocTae mpubnmm3Ho Ha 26...30%, mocAraun MakCUManbHOro 3HaueHHs 0,56
(mopiBHsiHO 3 0,27), MpU IBOMY MILHICTh IIPH CTUCKY IIPU TBEPAIHHI IpoTsiroM 28 nib 3poctae
npubmuszno B 1,2...1,3, npu 3runi — B 1,6...2 pasu. [Ipu npomy cnin 3ayBakuTH, 110 BBEJCHHS
¢ibpu 0 cxiagy OCTOHY YMHUTH BIUIMB B OCHOBHOMY HAa ME3OCTPYKTYpY OCTOHY (CTPYKTYpy
[IEMEHTHO-MIIAHOTO PO3YMHY), IO 3yMOBIIIOE OUIBIINI MPUPICT MIITHOCTI Ha 3TWH, HIX Ha CTUCK
MOPIBHSHO 3 KOHTPOJBHUMH 3pazkamu. J{is 3a0e3neueHHs] MaKCHMaJIbHOT MILHOCTI MPH 3THHI Ta
MiHIMAJIBEHOT MOPUCTOCTI OETOHY BH3HAYCHO ONTHUMAIBHUH PO3PAaXyHKOBHI KOEQILi€HT po3CyBY
3epeH 3al0BHIOBAYA, SIKMK CTAaHOBUTH o =1,32 npu 3a0e3meueHHi CriBBIIHOIEHHS MICOK: 11e0iHb
= 1: 2,16. HasBHictp y cxiazi meOeHIO JEAJHUX YacTHHOK B KiIbkocTi Oimbime 10% cnpuse
3HIDKCHHIO MIITHOCTI TIpH 3ruHi Ha 15%.

OtrpuMaHi pe3yIbTaTH CBif4aTh HPO MOXUIUBICTH OTPUMAHHS OCTOHIB 3 MiJBHIICHOIO
MIIHICTIO NIPH 3TWHI Ta TPIIIUHOCTIHKICTIO MIIIXOM IHCIIEPCHOIO apMyBaHHS IOJIIPOIIJICHOBOIO
($iOpor0 KOMITO3MIIH ONTHUMI30BaHOrO CKIagy (IpW IEBHOMY CIIIBBIAHOLICHHI JApiOHOro Ta
KPYIIHOTO 3allOBHIOBAa4a), IO B CBOIO depry 3a0esmedye  HagilHICTH Ta JOBrOBIYHICTH
CTPUMYBaJIbHUX JIOPOKHIX KOHCTPYKIIiH apaneTHoOro TUILy.

1. ICTY b B.2.3-10-2003. Cnopyzan tpancropty. OropopKeHHs! JOPOXKHE MapaneTHOro THITy. 3arajbHi TEXHIUHi
YMOBH.

2. 3axapos [I. C. AHanu3 hakTopoB, BIMSIOMIMX HA IPOYHOCTh MPH U3rHOe GETOHOB TPAHCIIOPTHOTO HA3HAYCHUS /
Bectauk XAY. — Xapkis, 2017. — Boit.79. — C.151-157.
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Peculiarities of obtaining concretes of increased crack resistance for road restraint
structures.

M. Kochevykh, Ph.D., Associate Professor of the Department of Building Materials
A. Shevchenko, Student

Kyiv National University of Construction and Architecture

An important role in the large-scale construction of roads is played by restraint transport
systems, which reduce the risk of accidents when diverting a vehicle to a dangerous area and reduce
their consequences.

Stationary parapet-type fences are often used for containment systems, among which road
concrete products with a trapezoidal cross-section (New Jersey profile) are effective. The main
requirements for such products are the ability to withstand impact with a holding capacity of
400...600 kJ, provided by the use of concrete tensile strength in bending not less than Btb4,0 with
frost resistance F200, in the class of concrete compressive strength B40 [1].

The purpose of the research is to establish the possibility of obtaining special concretes of
high crack resistance and bending strength to ensure the necessary restraint of products based on
them. To obtain such concretes used Portland cement CEM 1 42.5R, quartz sand with modulus of
size M=1.25, granite crushed stone with a maximum grain size of 20 mm, as well as
superplasticizer "STACHEPLAST 131". To increase the bending strength of concrete,
monofilament polypropylene fiber with a diameter of 20 pm and a length of 12 and 18 mm, which
does not exceed the grain size of the coarse aggregate, was added to their composition.

The introduction of fiber into the concrete contributes to the creation of an elastic
multidimensional grid, which reduces shrinkage cracking, as well as internal stresses arising in the
composition as the hardening of concrete (including increasing the resistance of concrete to water
separation) and its operation due to growth impact resistance, bending and tensile strength [2].

It is shown that the dispersed reinforcement of concrete with fiber in the amount of 0.9...1
kg/m? together with the use of the optimal amount of superplasticizer allows to increase the bending
strength of artificial stone by about 30%, in compression — by 20%. The greatest increase in
strength occurs in samples containing a mixture of 12 and 18 mm long fibers in a ratio of 1:1.

The calculated coefficient of crack resistance (corresponding to the ratio of bending strength
to compressive strength) for dispersed reinforced concrete compared to admixture increases by
approximately 26...30%, reaching a maximum value of 0.56 (compared to 0.27), while the
compressive strength during hardening during 28 days it increases approximately in 1.2...1.3, at
bending —in 1.6...2 times.

It should be noted that the introduction of fiber into the concrete has an effect mainly on the
mesostructure of concrete (structure of cement-sand mortar), which causes a greater increase in
bending strength than compression compared to control samples. To ensure maximum bending
strength and minimum porosity of concrete, the optimal calculated coefficient of grain spacing of
coarse aggregate (crushed stone) is determined, which is o = 1.32 while ensuring the ratio of sand:
crushed stone = 1:2.16.

The presence of lamellar particles in the composition of the crushed stone in an amount of
more than 10% reduces the bending strength by 15%.

The obtained results testify to the possibility of obtaining concretes with increased bending
strength and crack resistance by dispersed polypropylene fiber reinforcement of compositions of
optimized composition (with a certain ratio of fine and coarse aggregate), which in turn ensures the
reliability and durability of parapet-type road restraint structures.

1. DSTU BV.2.3-10-2003. Sporudy transportu. Ohorodzhennya dorozhn’oho parapetnoho typu. Zahal’ni tekhnichni
umovy.

2. Zakharov D. S. Analiz faktorov. vliyayushchikh na prochnost pri izgibe betonov transportnogo naznacheniya /
Vestnik KhNADU. — Kharkov, 2017. - Vyp. 79. - S. 151-157.
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3axucHi NOKPUTTS HA OCHOBI JIY?KHOT'0 AJTIOMOCHJIIKATHOT'O 3B’SI3YI040r0 SIK 3acid
3ano0iraHHsi TPaHCNOPTY cyabdaT-ioHiB B 0eToHI.

Onekcandp Koncmanmunoecokuit, x.m.n. ooyenm rageopu mexnonoeii 6yoieenvHux
KOHCmpYKyiil i 6upo6is,
Aenic Tumincokuii, cmyoenm

Kuiscokuil Hayionanvuuil yHigepcumem 0yOi6HUYMEA I apXimexmypu

3abe3neueH s JOBrOBIYHOCTI 3a71i300€TOHHUX KOHCTPYKIi € OIHI€I0 3 TOJOBHUX BUMOT
Cy4acHOro OyaiBenbHOro BUpoOHUITBA. ONHUM 3 (aKTOpIB, KU BU3HAYAE JOBrOBIUHICTH TAKHX
KOHCTPYKLii, € yMOBH iX eKcIulyarauii, 30KpeMa BIUIMB arpeCUBHUX cepeloBHIl. OmHUMH i3
HAWNONMPEHIIINX Ta HaWarpecHBHINIMX CEpPeNOBUII, SKi NPU3BOAATH 10 KOpo3ii crameBoi
apMaTypu B OCTOHI BHACHIIZOK TpaHCHOPTy ioHIB, € cyubdarHi. Cymbdar-ioHM Xoya i He
MPU3BOJATH JI0 MPSIMOT enacciBalii craii, OJHaK BU3HAYAIOTh GopMmyBaHHs cipkoBoHio (H2S) 1 €
KaTanizaTopaMH IPoLeCy OKHCICHHS (KapOOoHi3alil) rifpaTHUX HOBOYTBOPCHb.

Metoio po6OTH € JOCTiIKEHHS MOMKJIMBOCTI OOMexkeHHs TpaHcnopty SO4*-ioHiB B
CTPYKTYpY O€TOHYy, SIKHil eKCIUIyaTye€TbCS B CHJIBHOArPECUBHUX CYJIb(ATHUX CEpeJOBHIIAX
(posunnn Na2S04, MgS04, (NH4)2804 3 xonnentpaniero 30000 mr/n B nepepaxynky Ha SO4>),
3aXMCHUM TIOKPUTTSIM HA OCHOBI JIY)KHOTO aJIFOMOCHJIIKATHOTO  3B’SI3YI0HOro  (hOpMYJIOH0
(0,8Na20+0,2K20):A1203-4.5S102:nH20. Tlokaszano, 1o He3axuiieHuii OETOH B 3aJEKHOCTI Bij
KaTioOHy CyJb(paTHOI COJIl XapaKTePH3YyEThCs IIIMOMHOIO MTPOHUKHEHHS Cylb(ar-ioHiB Ha 360 100y
B Mexax 5,8...7,6 mm. [IokputTs TOBIMHOIO 1 MM BH3Ha49ae OOMEKCHHS TNIMOMHH IPOHUKHEHHS
cynbdar-ionis go 1,3...1,5 mM. 30iJbLICHHS TOBIIUHMA TOKPUTTS JO 3 MM [PaKTHYHO
YHEMOXKJIMBIIIOE TPAHCIIOPT CYJIb(aT-iOHIB B CTPYKTYpY OETOHY, IIO MiATBEPIKYIOTh PE3yJIbTaTH
30H0BOr0 aHamii3y. Tak, BMICT cynbdariB Ha raubuni 0,1 MM 3pa3kiB HE3aXHUIICHOTO OCTOHY B
nepepaxyHky Ha SO3 cranoBuB 4,0 %, 3aXHIIEHOT0 MOKPUTTAM TOBIIMHOIO 3 MM — 0,0 %. 3rigHo 3
pe3yabTaTaMi JOCHiJKEHHS, 3aKOHOMIPHICTh y 3MiHI NPOHUKHOCTI 3aXUIIEHOTO OETOHY IIOAO
cyb(haT-i0HIB 3aJI€XKHO BiJl KaTiOHy coui 3aumaeTbest HeaMinHO: (NH4)2S04>Na2S04>MgSOs4.

3a 10moMorow MeTo/iB (hi3MKO-XIMIYHOrO aHamizy (3MiHa mokasHuka pH rigparauniiiHoro
CepeNoBHINA y MOpPIBHSAHHI 3 KOHTPOIBHMM CKIAZ0M) TOKa3aHO 3B’s3yBaHHS iomiB SO4%, NHi',
Mg B CcTpyKTypi LeNiTONOAiGHUX HOBOYTBOPEHb IpPH B3a€MOJi CYJIb()ATHOTO CEpeOBHILNA 3
3aXMCHUM TOKPUTTSIM Ha OCHOBI JIY’)KHOTO aJIOMOCHJIIKATHOTO 3B’s3yt04yoro. CTifKicTh 3aXMCHHX
MOKPUTTIB HAa OCHOBI 3aIPOIIOHOBAHMX KaJbLif-BMIIyIOYNX aTIOMOCWIIKATHHX 3B’A3yIOUHX B
cynb(haTHUX CEPEJOBUINAX 3TIHO JITEPATYpHUM JDKepellaM MoXKe OyTH oOrpyHTOBaHa
(OPMYBAHHSM IEOJITONOIIOHNX HOBOYTBOPEHb, AKi MicTaTh ioHn SO4>, NHs", Mg?" (kaHKpiHiT
(Na,Ca)s(Al6Si6)024(C0O3,S04)2:2H20,  0’sixkesumait  (Na,Ca,K)s(SicAle024)(SO4)2(OH)o.5-H20,
AMOHIHHUHHUT reinaniT [(NH4)2Ca]2Al14S11403-12H20, MarHieBuii (boxasit
(Mg, Naz,Ca)3.s[Al7Si17048]-32H20 Tommo).O6MexkeHHs TpaHCTopTy ioHiB SO4> 06yMOBIEHO He
TUIBKM 1X 3B’S3YBaHHSIM B IICOJIITOINOJIOHI HOBOYTBOPEHHS, a 1 3 JOAATKOBHM ITiJ[BUILCHHIM
CTyTeHI0 KpucTamizamii B mpucyTHocTi kationin NHs%, Mg?', mo miareepmkyerscst manuMu
CJIEKTPOHHOI MIiKpPOCKOTIT.

IIpoBeneHo AOCIIIHO-IIPOMHUCIIOBE BIIPOBAPKEHHSI PO3POOICHUX 3aXMCHHUX MOKPHUTTIB MPU
BUKOHAHHI OyJiBeJIBHUX POOIT 3 pekoHCTpyKuUil kopmycy Kueso-Ileuepcrkoi JlaBpu ms 3axucty
BiJl KOpO3ii pOCTBEpPKIB MifCHIICHHS 3aralbHOK0 MUIONIElo nosepxHi 100 M2, sKi 3a3HABANM BILUIUBY
arpecuBHOrO cyb(haTHoro cepenonuina XA2.

1. Bertolini L. Corrosion of Steel in Concrete: Prevention, Diagnosis, Repair / Bertolini L., Elsener B., Pedeferri P.,
Redaelli E., Polder R. // Oxford, UK: John Wiley & Sons. —2013.

2. Krivenko P. Why Alkaline Activation — 60 Years of the Theory and Practice of Alkali-Activated Materials /
Krivenko P. // Journal of Ceramic Science and Technology. - 2017. - Vol. 8. — P. 323-334.

3. Kryvenko P. Sulfate Resistance of Alkali Activated Cements / Kryvenko P., Guzii S., Kovalchuk O., Kyrychok
V. // Materials Science Forum. - 2016. - Vol. - 865. - P.95-106.

4. Krivenko P. Design of slag cement, activated by Na(K) salts of strong acids, for concrete reinforced with steel
fittings / Krivenko P., Rudenko I., Konstantynovskyi O. // Eastern-European Journal of Enterprise Technologies. -
2020. - Vol.6 (6 - 108). — P.26-40.
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Protective coatings based on alkal-activated aluminosilicate binder as a mean of
transport prevention of sulfate ions in concrete.
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D.Tyminskyi, Student

Kyiv National University of Construction and Architecture

Durability ensuring of reinforced concrete structures is one of the main requirement of
modern construction industry. One of main factors that determine the durability of such structures is
the impact of aggressive mediums. Sulfate mediums are the most widespread and aggressive which
lead to steel reinforcement corrosion due to transport of ions. Sulfate-ions don’t cause immediate
depassivation of steel reinforcement, but determine formation of hydrogen sulfide (H2S) and
catalyze oxidation (carbonation) of hydrate phases.

The aim of this paper was to investigate possibility of mitigation of SO4* ions transport in
structure of concrete which is exploited in high aggressive sulfate mediums by protective coating
based alkali-activated aluminosilicate binder with formula (0,8Na20+0,2K20)-A1203-4.5Si02-nH20.

It was shown that uncoated concrete on dependence of sulfate salt cation characterized be
penetration depth of SO4* ions after 360 d within the limits of 5.8...7.6 mm. Coating of 1 mm
thickness mitigates penetration depth of SO4* ions till 1.3...1.5 mm. Increasing of coating thickness
to 3 mm factually prevent transport of SO4> ions in concrete structure that is confirmed by results
of microprobe analysis. Thus, the content of sulfates at a 0.1 mm depth of unprotected concrete
samples was 4.0% counting on SO3 but protected coating with a thickness of 3 mm was 0.0%.
According to the results of the study, the regularities of changes in the permeability of protected
concrete relative to sulfate ions depending on the cation of the salt remain unchanged:
(NH4)2S04>Na2S04>MgSOa.

The binding of SO4*, NH4", Mg?" ions in concrete structure of zeolite-like minerals due to
interaction of sulfate mediums with a protective coating based on alkali-activated aluminosilicate
binder by mean of change of pH of the hydration medium in comparison with the control
composition. The stability of protective coatings based on the proposed calcium-containing
aluminosilicate binders in sulfate medium according to the literature can be justified by the
formation of zeolite-like phases that contain SO4*, NH4", Mg?>" ions (cancrinite
(Na,Ca)s(AleSic)024(C0O3,S04)2-2H20,  biachellaite  (Na,Ca,K)s(SicAls024)(SO4)2(OH)o.5-H20,
ammonium-heulandite [(NH4)2Ca]2Al14S11403-12H20, Faujasite-Mg
(Mg,Na2,Ca)3 5[ Al7S117045]-32H20 etc.).

Prevention the transport of SO4% ions is caused by not only their binding in structure of
zeolite-like minerals but also additional increase of the degree of crystallization in the presence of
NH.4", Mg?" cations, which is confirmed by electron microscopy.

Experimental and industrial implementation of the developed protective coatings during
construction works on the reconstruction of the building of the Kiev-Pechersk Lavra for corrosion
protection of foundation cross with a total surface area of 100 m? which were exposed to
aggressive sulfate environment HA2.

1. Bertolini L. Corrosion of Steel in Concrete: Prevention, Diagnosis, Repair / Bertolini L., Elsener B., Pedeferri P.,
Redaelli E., Polder R. // Oxford, UK: John Wiley & Sons. —2013.

2. Krivenko P. Why Alkaline Activation — 60 Years of the Theory and Practice of Alkali-Activated Materials /
Krivenko P. // Journal of Ceramic Science and Technology. - 2017. - Vol. 8. — P. 323-334.

3. Kryvenko P. Sulfate Resistance of Alkali Activated Cements / Kryvenko P., Guzii S., Kovalchuk O., Kyrychok
V. // Materials Science Forum. - 2016. - Vol. - 865. - P.95-106.

4. Krivenko P. Design of slag cement, activated by Na(K) salts of strong acids, for concrete reinforced with steel
fittings / Krivenko P., Rudenko I., Konstantynovskyi O. // Eastern-European Journal of Enterprise Technologies. -
2020. - Vol.6 (6 - 108). — P.26-40.
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Oco6smBocTi rizparanii MinepaJiB NOPTJIAHIUEMHTHOI0 KJIiHKePY B PUCYTHOCTI
KapOOHATHHUX 100aBOK

Bnaoucnasé Ma3zyp, mazicmp,

Kamepuna Ilywikapvosa, oOoxkmop mexniunux Hayk, npoghecop, 3agioysau Kagheopu

byoisenvHux mamepialis,

Jinisa Kywneposa, ooyenm xagpedpu 6yoigenvhux mamepianie

Kuiscokuii nayionansnuil ynieepcumem o6yoienuymea i apximexmypu (Kuis)

3rilH0 JaHUM aMEPUKAHCHKOTO TeO0JIOTIYHOro jociimkeHHs 3a 2019 pik BUPOOHHUITBO
LEMEHTY BHPOCIO Maibke 10 5 MIpA. T, HpU YOMY 30UIBLIYETHCS 4YacTKa 3MiIIAHHUX
MOPTJIAH/ALEMEHTIB, OCOOIMBO THX, MO MicTATh BamHak [1]. Jocmiguuipka poborta 010
MIOKpAIICHHS BIACTUBOCTEH BAIIHAKOBHX [IEMEHTIB Ilepe10adae TpH HACTYITHI HAIPSMKH: MEPLINii —
ne edext BiI J0JaBaHHS BAIHAKY, L0 BU3HAYAETHCS 3a (DI3MKO-MEXaHIYHMMH IOKa3HUKAMHU,
JOpYTUil HampsMOK IIOB'S3aHUN 3 BUPOOHMYMM IIPOLECOM, TOAI AK TPETi — CTOCYeThCS ydacTi
BAaIHAKY B peaKLisX rixpaTauii KJIiHKepy, Ul PO3KPUTTA sIKOro Oysio cuHre3oBano minepanu CsA
ta C3S Ta BHBYEHO BIUIUB KapOOHATHHX JOOABOK PIi3HOrO CTYNEHS JUCIEPCHOCTI Ha INPOLECH
CTPYKTYpPOYTBOPEHHS IITYYHOrO KaMmeHo. It nocimipkeHHs Oyiao BHOpaHO TPH KOMIO3MLIH y
BUIJISIII  CYCNEH3iH, 110 BKJIIOYAJAM TOHKOMOJPIOHEHWH  MiHepan, MOoJiKapOOKCHIATHUI
miactu(ikaTop, BOAy Ta Mikpo- a0o HaHOKapOOHAaTHY n00aBKy. Sk MikpokapOoHaTHY NOOaBKy
Oyll0 BUKOPHCTAHO TOHKOMEJICHMH BamHAK (IIMTOMa HoBepxHa He MeHme 15000 cm?/r), a sk
HaHOKapOOHATHY M00aBKy - TexHiuHui npoxykT Hopsexcskoi ¢ipmu y Burmsaai aucmepcii
(po3mip gactrHOK 130...300 HM). [l TOPiBHSHHSA e(EeKTHBHOCTI i MIKpO- Ta HAHOKapOOHATHHX
n00aBOK OyJIM MPOBEIEHI JOCIIPKEHHS POLECIB TiipaTaliil B CyCleH3isX Ta BU3HAYEHO MPOIYKTH
rigparanii MiHepamiB micis 7 ni6 TBepAiHHS 3 BHKOPHUCTAHHSM CJIEKTPOHHOI PacTpoBOi
Mmikpockomii. Ilpu B3aemonii kapOonatHux no6aBok 3 C3A  (He3aJeXKHO BiA CTyHeHs ix
JOUCIIEPCHOCTI) Mae Micle YTBOPEHHS rigpokapOoamroMiHaTiB kampmito. Ilpu  B3aemonii
KkapOoHAaTHHX J00aBoK 3 MiHepaioMm C3S Mae Miclie MPUCKOPEHHS Ipolecy Horo riapararii, ane
TiipaTHI HOBOYTBOPEHHS BaXKKO iIeHTU(IKyBaTH. AHaji3 OTPUMAHHUX EKCIIEPUMEHTAIbHUX JaHUX
JO3BOJISIE TIOPIBHATH PE3yIbTaTH CTPYKTYPOYTBOPEHHS 1 3p0OMTH HACTYIIHI BHCHOBKHU: TifpaTaiis
Mminepanmy C3S B HPHCYTHOCTI MOJIKapOOKCMIIATHOTO IUTACTHU(IKATOpa IIOMITHO TalbMYe€
BUHHMKHEHHS 3apOJIKIB KpHUCTaNi3alil, OCKUIbKH MojikapOoKcuiakTHa ao0aBka ancopOyeTbes Ha
YaCTUHKAX KIIHKEPHOTO MiHEepaly, THM CAMHM 3HIDKY€ IPOLEC TifpaTamii Ta TBEpAIHHS LEMCHTY;
IPH BBEACHHI MIiKpOJ0OAaBKM B BHIJIAI TOHKOMEJIECHOIO BAIlHAKY HPOTSATOM MHEpIIOi TOAMHH B
CyCIeH3ii HISIKMX CYTT€BUX 3MiH HE BifOyBaeThbCs, BiH BHKOHYE pOJIb HANlOBHIOBAYa; IIPU
BUKOPHCTaHHI HAHOIOOABKH BT JUCIIEPCii, Mae MicIe CTpiMKe YTBOPCHHS BIHCOKOIUCIICPCHHX
CTPYKTYP, 110 MICTSTh MEBHY KUIBKICTh 3apojkiB HOBUX (a3 po3mipom 0,1 MM Ta Oinbiie, ToOTO
HAHOJI00aBKAa BHACIINOK KPHUCTAIOXIMIYHOI IOAIOHOCTI O TiAPOCHIKATHUX CIOIYK BHCTYIIAE SIK
«ririaakay it kpuctaizanii  C-S-H, cripusie mposinieHHro edekty Hykiiearlii, 3a0e3nedyroun JI0/1aTKOBi
LEHTPH 3apOKOYTBOpeHH [2]. [Ipy mopiBHAHHI 3HIMKIB MIKPOCTPYKTYPH LEMEHTHOTO KaMEHIO, SIKi
Oynu 3poOieHi micns 7 ai0 TBepIHEHHsS Ha OCHOBI BHINE3a3HAYCHHX KOMIIO3HIIH, MOXKHA
CIOCTEpIraTH, 10 CTPYKTypa KOMIIO3MLII Ha ocHOBI MiHepainy C3S Ta nonikapOokcuiaaTHOT
I00aBKH € aMOpP(HOI0, TaKa ) CUTYAIlis CIIOCTEPIraeThCst 1 y BUMAJKy BBEICHHS TOHKOMEJICHOTO
BAaIlHAKY, SKUH BHCTyNmae SIK MiKpOHAINOBHIOBa4.  I[Ipu BBeJEHI JO CKIamy KOMIIO3MIIT
HAHOKA0OHATHOI JOOaBKM MOMITHO 30UIBIIMIACH KUIBKICTh TOHKO3EPHHUCTOI MacH, a TaKOXK
BiZIMIUCHI HAIIApyBaHHS ITOJIKPUCTAIIB NMOPTIAHAUTY, TOOTO Ma€ Micle NPUCKOPEHHS IIpoLecy
rigparaniii C3S. OTpuMaHi pe3ylbTaTH € aKTyalbHUMU ULl PO3POOKH CKIA[iB AEKOPAaTUBHUX
OCTOHIB Ha OCHOBI OLIOr0 MOPTIAHALEMEHTY, 1[0 MICTSITh Y CBOEMY cKiIai 10 65% CsS.

1. Schneider, M.; Tschudin, M.; Bolio, H. Sustainable cement production — Sustainble cement production — Present
and future. Cem Coner. Res. 2011, 41, 642-650.

2. L. Adams, R. Race, Effect of limestone additions upon drying shrinkage of Portland cement mortar, in: P.
Kligger, D. Hooton (Eds.).
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Peculiarities of hydration of portland cement clinker minerals in the presence of carbonate
additives.

V. Mazur, Master,

K. Pushkarova, Doctor of Technical Sciences, Professor, Head of the Department of Building
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According to the U.S. Geological Survey, cement production has increased to almost 5 billion
tons since 2019, and the proportion of blended Portland cement, especially containing limestone, is
increasing. The research work to improve the properties of limestone cement has three following
directions: the first is the effect of adding limestone, determined by the physical and mechanical
properties, the second direction is related to the production process, while the third is the
participation of limestone in the hydration reactions of clinker, for the disclosure of which were
synthesized minerals C3A and CsS and studied the impact of carbonate additives of different
degrees of dispersion on the structural formation of artificial stone. Three compositions in the form
of suspensions were selected for the study, including finely ground mineral, polycarboxylate
plasticizer, water and micro- or nano-carbonate additive. Limestone (specific surface area not less
than 15000 cm?g) was used as a microcarbonate additive, and a technical product from a
Norwegian company in the form of a dispersion (particle size 130 ... 300 nm) was used as a nano-
carbonate additive. To compare the effectiveness of micro- and nano-carbonate additives the
hydration processes in suspensions have been studied and the hydration products of minerals after 7
days of hardening have been determined using electron scanning microscopy. In the interaction of
carbonate additives with CsA (regardless of their degree of dispersion) the formation of calcium
hydrocarboaluminative. At interaction of carbonate additives with C3S mineral there is an
acceleration of its hydration, but hydrate new formations are difficult to identify. Analysis of the
experimental data allows us to compare the results of structure formation and draw the following
conclusions: hydration of C3S mineral in the presence of polycarboxylate plasticizer markedly
inhibits the emergence of nucleation of crystallization, as polycarboxylate additive is adsorbed on
the particles of clinker mineral, thereby reducing the process of hydration and hardening of cement;
when introducing a micro-additive in the form of fine ground limestone within an hour in the
suspension, no significant changes occur, it acts as a filler; when using nano-additive in the form of
dispersion, there is a rapid formation of highly dispersed structures containing a certain amount of
nucleation of new phases of 0.1 mm or more, that is, nano-additive due to the crystallochemical
similarity of hydrosilicate compounds acts as a "substrate" for crystallization C-S-H, contributes to
the nucleation effect, providing additional nucleation centers. When comparing images of the
microstructure of the cement stone, which were made after 7 days of hardening on the basis of the
above compositions, we can observe that the structure of the composition based on the mineral C3S
and polycarboxylate additives are amorphous, the same situation is observed in the introduction of
fine-milled limestone, which acts as a microfiller. When introducing nano-cabonate additive into
the cement composition increased the amount of fine grains, as well as marked layering polycrystals
portlandite, that is, there is an acceleration of the process of hydration C3S. The obtained results are
relevant for the development of decorative concrete compositions based on white Portland cement,
containing in its composition up to 65% CsS.

1. Schneider, M.; Tschudin, M.; Bolio, H. Sustainable cement production— Sustainble cement production — Present
and future. Cem Coner. Res. 2011, 41, 642-650.

2. L. Adams, R. Race, Effect of limestone additions upon drying shrinkage of Portland cement mortar, in: P.
Kligger, D. Hooton (Eds.).
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Posib ka01iHITOBOI IVIMHU B €BOJIIONII CTPYKTYPH i BJIACTHBOCTEH HIJIAKOJYKHUX IIEMEHTIB.

Onexcandp I'enegepa, k.m.n., ooyenm xageopu THKB,
Cmanicnaeé Ckapnam, cmyoenm 6y0i8ebHO-MEXHOIOIUHO20 (DaAKYIbmemy

Kuiscokuil nayionanonuil ynisepcumem oyoisnuymea i apximexmypu (m.Kuis)

OJHUM 3 IIEePCIIEeKTUBHUX HANPSMKIB YIPABIiHHS BIACTUBOCTSAMU IIUIAKOIYKHHUX LIEMEHTIB €
BBCJICHHS 10 HMOr0 CKJIaay KOMIUIGKCHHX MOIH(DIKYIOUMX TO0ABOK, SKi CKIATAIOTBCS 3 TIIHH
PI3HOrO CKJIaTy 1 BUCOKOAKTHBHOI JOOABKU THUITY MOPTIAHILEMEHTHOTO KIiHKepY. Y MPUCYTHOCTI
[JIMHUCTUX PEYOBUH Yy CKJIaAi HOBOYTBOPCHb LITAKONYKHUX LEMCHTIB CHHTE3YIOTHCS HE TIIBKH
HU3bKOOCHOBHI T1IPOCHJIIKATH KaJbIlif0, a W ICONITONOMIOHI TiAPOATIOMOCHIIIKATH JYXKHOTO,
JIy’KHO3€MEIBHOTO a00 3MIINIAHOIO THUIMIB. YTOBLIBHEHHS IPOLECIB CTPYKTypOYTBOPEHHSA B
MIPUCYTHOCTI TJIMH MOXKE OyTH KOMIICHCOBAaHO BBEJICHHSIM aKTHBHOI TifpaBIIiuHOI JOOABKH THITY
KIiHKepy. TakuM YMHOM, BHKOPUCTaHHS KOMIUIEKCHOI a00aBkM ckiany 'riamHa + KiiHkep"
JI03BOJISIE BUBECTH YIIPABIIIHHS BIACTHBOCTSAMH IIUTAKOIY>KHUX B'SOKYYHX HA SKICHO HOBUH PiBEHb.

30KkpeMa, L€ [JO3BOJIMIO HOJIMIIUTH SKICTh HOPOBOi CTPYKTYpH LEMEHTHOIO KaMEHIO
3CYHyBIIH OanaHc IOp y Oik 301IbIIEHHS YaCTKU MIKPOIIOP, TUM CAMHM aBTOMATHYHO ITOJIIIIMBIIN
psAI  LIHHUX eKCIUTyaTaliffHUX XapaKTepUCTHK, JO3BOJIMIO IyKe e(EeKTHBHO iMMOOLII3yBaTH
panioaxtuBHi BinxoaiB AEC dikcyroun iX y IeMEeHTHIN MaTpHI 3a paxyHOK XIMIYHOTO 3B'sI3yBaHHs
y HEPO3UHHHI IIEOTITONOAI0HI HOBOYTBOPEHHS 1 32 PaXyHOK COpOLIfHUX BIAaCTHBOCTEH IMIMH, SIKi
3HAYHO IOCHUJIIOIOTHCS Y NPUCYTHOCTI JIy’KHOro cepefoBuiia [1]. OaHUM 3 HOBHX NEPCIIEKTUBHUX
HANpsAMKIB BUKOPHCTAHHS HEOONANeHUX IIMH € BUKOPUCTaHHS KAONiHy JUI OTPUMAaHHA Oimux i
KOJIbOPOBHX JICKOPaTHBHUX IEMEHTIB. BcraHoBieHo, mo BmicT 2,5...5% KaolliHy NPakTHYHO HE
BIUIMBA€ HA TEPMIHU TYXKaBJICHHS, HOPMAJIbHY I'YCTHHY TiCTa i aKTUBHICTb y CTAHJapTHI TEPMiHU.
Beenenns kaominy Bix 5 mo 10% 36inbimrye Bogonorpedy 3 23% 1o 24%, ckopodye TepMiHU
Ty’KaBJICHHS 3 54 XB. /10 48 XB., YIOBUIbHIOE HA0Ip MIIHOCTI i aKTUBHICTh y 28-1000BOMY Billi 3
56,7 nmo 50,4 Mlla [2]. BBenenns no0aBku KIiHKEpY B ONTHMalbHIA KinbkocTi 2...5% (sixa
3aJIXKUTh BiJl OCHOBHOCTI IIUIAKY 1 HOTO aKTHBHOCTI) JI03BOJIMIIO YCYHYTH II€H HETOMIK 1 T IBUIIIUTH
piBeHb MPUIHATHOI KIIBKOCTI KOJIiHY y HITAKOIYKHOMY IIeMeHTi 110 15%.

BcTanoBneHo, 1m0 30iTBIIEHHA BMICTY KAONiHY Yy ULITAKONYXKHOMY LEMCHTI Beie JO
30UIBIICHHS [IEONTITONOMIOHUX TiIPaTHUX HOBOYTBOPEHD Y CKJIAJ IIEMEHTHOTO KaMeH0. OCKIIbKH
YaCTHUHA JIYTY 3B'SI3YETHCSI KAOJIHOM, CTaHAApTHA MILHICTh 3pa3KiB, aKTHBOBAHMX JIyTOM, TPOXH
Hik4a (Ha 8...10%) y NOpiBHAHHI 31 3pa3kaMy, BUTOTOBJICHUMH 3 LIEMEHTIB 0e3 mo0aBku. OmHak
yepe3 6.9 MICAIIB LS PI3HUIS 3HHKA€E 1 JOCATAEThCS OUIBII BHCOKA MILHICTh 3a pPaxyHOK
MOrIuOIeHHS MPOLECiB rigparanii, CHHTe3y TipaTiB HU3bKOOCHOBHHX CHIIIKATIB KaJbIil0, CHHTE3Y
QHAJIOTIB I[COJIITY W MOJILOBOTO IINATY Ta BiICYTHOCTI IECTPYKTUBHHX MPOIIECIB. 3aMiHa JOPOroro
METaKaoJiHy Ha OUIBII ACIIEeBUH KAOJIH MiJBHILYE PEHTA0EIbHICTh BAPOOHHUIITBA TAKOTO IIEMEHTY.
BBenenHs 30aradeHoro KaomiHy-84 y sKOCTI OCBiTIIOI0OWOI m0OaBKH y KinbkocTi 14...18%
JIO3BOJIMJIO OTPUMATH HUIAKOJYKHUIA 1IeMeHT 3 Oinu3Horo 70,5...72,3% sk OCHOBU JUIsl OTPUMaHHS
JECKOPATHBHUX IIIrMEHTOBAaHMX ILeMeHTiB. Takum umHOM, Joporuil BimbimoBau 7i0: Moxe
BHUKOPHCTOBYBATHCSL y MIHIMAQJIbHUX KIUTBKOCTSAX IS KOPHUTYBaHHS OimM3HM a0o B3araii He
BUKOpHUCTOBYBaTHCS. KpiM TOro, NpHCYTHICTh KaOJTiHY B JAEKOPATHBHHX LIEMEHTAX MEPEIIKOIKAE
MacoIepeHocy BUIBHOTO JIYTy 3 LEHTPY 3pa3ka Ha Hepudepilo 3a paxyHOK 3B'SI3yBaHHSA HOTO y
LICOTITONOAIOHMX HOBOYTBOPCHHSAX 1 THM CaMHUM 3HW)KYE PU3MK IOSBU BHUIIBITIB, 11O BEIbMHU
aKTyaJIbHO IS ICKOPATHBHUX IIEMEHTIB.

1.  Kpusenko ILB., Tenesepa A.I', IlerpomaBinoBckuii O.H. HaykoBi OCHOBH eKOJIOIi4HO Oe3meuHol
iMMoGinizanii pagioakTHBHEX BinxoiB / Matepianu HaykoBo-npakTH4HOI KoH(bepeHtii "TIpo6iemn MOBOLKEHHS 3
panioaktHBHEMHE Bigxonamu B Ykpaiui". - Kuis, 2011. - C. 60-67.

2. Gots V 1, Gelevera A G, Petropavlovsky O N, Rogozina N V and Smeshko V V Influence of whitening
additives on the properties of decorative slag-alkaline cements IOP Conf. Series: Materials Science and Engineering.
— Innovative Technology in Architecture and Design (ITAD 2020). Vol. 907. — 012033. DOI: https://doi.org/
10.1088/1757-899X/907/1/012033.
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One of the promising areas of control of the properties of slag-alkali cements is the
introduction into its composition of complex modifying additives, which consist of clays of
different composition and a highly active additive such as Portland cement clinker. In the presence
of clay substances in the composition of new formations of slag-alkali cements, not only low-basic
calcium hydrosilicates are synthesized, but also zeolite-like hydroaluminosilicates of alkaline,
alkaline earth or mixed types. The slowing down of structural processes in the presence of clays can
be compensated by the introduction of an active hydraulic additive such as clinker. Thus, the use of
a complex additive composition "clay + clinker" allows you to bring the control of the properties of
slag-alkaline binders to a qualitatively new level. In particular, it allowed to improve the quality of
the pore structure of cement stone by shifting the balance of pores in the direction of increasing the
proportion of micropores, thereby automatically improving a number of valuable performance
characteristics. This also made it possible to very effectively immobilize radioactive waste from
NPPs by fixing them in the cement matrix due to chemical binding in insoluble zeolite-like
neoplasms and due to the sorption properties of clays, which are significantly enhanced in the
presence of an alkaline environment [1]. One of the new promising areas of use of unfired clays is
the use of kaolin to obtain white and colored decorative cements.

It was found that the content of 2,5...5% kaolin has almost no effect on the time of
hardening, normal dough density and activity in standard terms. The introduction of kaolin from 5
to 10% increases water consumption from 23% to 24%, reduces the curing time from 54 minutes up
to 48 minutes, slows down the set of strength in the initial curing period and activity at 28 days of
age from 56,7 to 50,4 MPa [2].

The introduction of clinker additives in the optimal amount of 2...5% (which depends on the
basicity of the slag and its activity) eliminated this shortcoming and increased the level of
acceptable amount of kaolin in the slag cement to 15%. It is established that the increase of kaolin
content in slag-cement cement leads to the increase of zeolite-like hydrated phases in the
composition of cement stone.

Since part of the alkali binds to kaolin, the standard strength of samples activated by alkali is
slightly lower (8...10%) compared to samples made of cement without additives. However, after
6...9 months, this difference disappears and higher strength is achieved due to the deepening of
hydration processes, synthesis of hydrates of low-basic calcium silicates, synthesis of zeolite and
feldspar analogues and the absence of destructive processes. Replacing expensive metakaolin with
cheaper kaolin increases the profitability of such cement.

The introduction of enriched kaolin-84 as a brightening additive in the amount of 14...18%
allowed to obtain slag-cement with whiteness of 70,5...72,3% as a basis for obtaining decorative
pigmented cements. Thus, expensive 7i0: bleach can be used in minimal quantities to adjust the
laundry or not used at all. In addition, the presence of kaolin in decorative cements prevents the
mass transfer of free alkali from the center of the sample to the periphery by binding it in zeolite-
like tumors and thus reduces the risk of fading, which is very important for decorative cements.

1. Krivenko PV, Gelevera AG, Petropavlovsky ON Scientific bases of ecologically safe immobilization of
radioactive waste // Proceedings of the scientific-practical conference "Problems of radioactive waste management
in Ukraine". - Kyiv, 2011. - P. 60-67.

2. Gots V I, Gelevera A G, Petropavlovsky O N, Rogozina N V and Smeshko V V Influence of whitening
additives on the properties of decorative slag-alkaline cements IOP Conf. Series: Materials Science and Engineering.
— Innovative Technology in Architecture and Design (ITAD 2020). Vol. 907. — 012033. OI: https://doi.org/
10.1088/1757-899X/907/1/012033.
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BruinB KOMIOHEHTHOTO CKJIaay Ha TpaHcnopT ioHiB Cl" Ta SO4* B mLIaK0IyKHOMY GeTOHi.

Onvea boiiko, acnipanm, Mm.H.c.
Onekcandp Kosanvuyk, kano. mexu. HayK, C.H.c.

Kuiscokuii hayionansnuil ynisepcumem 6yoieHuymea i apximexmypu
Hayxoeo-0ocnionuil incmumym 6 ’siscyuux pewosun ma mamepianie im. B.J]. Inyxoscvkozco

Mertoro 1aHOT poOOTH € po3poOKa Ta MOEAHAHHS e(PEKTUBHUX CIIOCOOIB 3armo0iranHs Kopo3ii
CTaJIeBOI apMaTypu B LITAKOIYKHUX OETOHAX, OTPUMAHUX 3 BUCOKOPYXJIMBUX OSTOHHHUX CyMillIeH,
JUISL TiABUIIEHHS IOBTOBIYHOCTI 3aJ1i300€TOHHNX KOHCTPYKIIH, IO EKCILTyaTyIOThCS B arpeCHBHUX
cepeoBuIIax. AKTyalbHICTh pOOOTH OB’ si3aHa 13 MiJBUIICHUM PIBHEM BHKOPHUCTaHHS OCTOHHUX
cymimreil BHCOKOI pyXJHMBOCTI [1], B TOMy 4YMcHi y HECHPUSTIMBHX yMOBaX eKCIUTyaTamii, Lo
noTpedye TPOBEICHHS JACTAIBHUX JOCIHUKCHb Y HAnpsMKy (OpMyBaHHS CTiHkux ¢as, sKi
3abe3mneuats 38°s3yBanns ioHis Cl" i SO4% Ta 3an06iraHHs BUHHUKHEHHS JIECTPYKTUBHUX MPOIIECIB
KOpO3il apMaTypH B TiJi JIy>KHOTO OeToHY [2].

B sixocTi 00’€KTiB AOCIiIKeHHS 00paHO IpiOHO3EPHUCTI OETOHM HAa OCHOBI IITAKOJTY>KHOL
CHCTEMH «TPaHy/IbOBAaHUN JOMEHHHH IIAK — JTyKHUH KOMIOHEHT». SIK JIy:KHUM KOMIIOHEHT OyIo
00paHo Cco/y KaJbLMHOBaHY 1 MeracwiikaT. Bmict coan Ta Meracuiikaty ckiamae 6,95 i 13,0 %
BIJIMIOBITHO BiJ MacH HuIaky. st 38’ s13yBaHHs arpeCUBHUX IO BiJHOUICHHIO J0 CTaJIeBOI apMaTypH
ionis CI" i SO4% 110 cKJIajLy JTy’HOTO HeMEeHTY Y0 BBEICHO KOMILIEKCHY T06aBKY, TIPEICTABICHY
IJIMHO3EMUCTUM LIEMEHTOM, IOPTJIAHALEMEHTOM Ta KJIIHONTWIJIONITOM B HACTYNHIN KiIBKOCTI:
rIIMHO3eMHUCTHH 1emeHT — 3,42 %, mnoprnanauemeHt — 1,58%, xmunonTwiomit — 5 %.
CHiBBITHOIIECHHS HOPTIAHIIEMEHTY 1 TJIMHO3EMHCTOrO IIEMEHTY B CKJIaJi KOMIUICKCHOI 100aBKH
cranoButh 2.17:1. Ilpm TakoMy CHiBBiAHOLIEHHI BiJOyBa€ThCSl crpsMoBaHe (opmyBaHHs
BHUCOKOOCHOBHOTO rimpoamtominary 3Ca0O-Al203-10H20. OcoOnuBOCTI  BIUIMBY KOMIUIEKCHOT
J00aBKU Ha IPOLIECH CTPYKTYpPOYTBOPEHHS IIUIAKOIY)KHOIO OETOHY JIOCHIKYBAJIM 32 JIOIIOMOI'OI0
MeToniB (i3uKo-XiMiyHOro anamizy. Bwmict komruiekcHoi noGaBku cranoBuB 10 % Bim macu
[ITaKOTY’KHOTO IeMeHTy. [l 3abe3meueHHS HEOOXiTHOI MapKH 3a JICTKOYKIAQJAIBHICTIO 10
CKJIaJly JIpiOHO3EPHHUCTOrO HUIAKOJIY)KHOIO OETOHY BBEICHO J00aBKH IUIACTU(DIKYHOYOI TPyNu Y
BUIIIAIL JTHOCYNb(OHATY HATPIO Ta IIFOKOHATY HATpito y KinbkocTi 1,0 Ta 0,2 % BixnmosigHo.

3riiHo0 3 pe3y’abTaTaMu JOCIHIKEHb TMPOAYKTH Tifparaiii KOHTPOJBHHX 3pa3skiB (0e3
BBEJICHHS KOMIUIEKCHOI [100ABKH) MPEACTABICHO HHU3bKOOCHOBHHUMHM TIiIPOCHIIIKATAMH KaJbIIIO
crpykrypu CSH (I) Ta riponitom 2Ca0-3Si02:2H20. BBenenns a0 ckiaay KOMIUIEKCHOT T00aBKH
3a0e3mnedye (OopMyBaHHS B CKJIaZl MPOAYKTIB rifipaTarii OKpiM HU3bKOCHOBHHX TIIPOCHIIIKATIB Ta
KalmpIUTy e #  xmopo-cynbdoamoMinatHux AFm ¢a3 y Bummaai com  Kysems
3Ca0-A1203:0,5CaCl2:0,5S04:10H20, mo roBopuTh mpo 3B’si3yBanHs ioHiB ClI° i SO4*
TiIpOATIOMIHATOM  KaJbLIiIO 3Ca0-AlO3-10H20, skuit OyB chopMoBaHMH 3a y4acTiO
MOPTJIAHALIEMEHTY Ta TIIMHO3EMUCTOT0 LIEMEHTY B IIpoIecax rigpaTartii.

MilHiCHI NTOKa3HHUKU 3pa3KiB, JIe B SKOCTI JY)KHOTO KOMIIOHEHTY OyJIO BUKOPHUCTAHO COJY
KaJbIIUHOBaHY, CTaHOBIATH 29,1 MIla Ha 28 100y TBepaHEeHHS. [Ipu BUKOPUCTAaHHI METAaCUIIIKaTy B
SKOCTI JIY’KHOTO KOMITIOHEHTY MIIHICTB 3pa3KiB ckiazae 43,1 MITa.

B xoami pocnijpkens Oyjo BH3HAUEHO BIUIMB KOMIIO3MLIMHOrO CKiamy i 0coOJMBOCTEH
MiKPOCTPYKTYpH IITAKOJTYKHOTO IIEMEHTY Ha TpancropT ionis Cl, SO4* B muiakomyxHOMy GeToHi,
OTPMMAHOMY i3 BHCOKOPYXJIMBHX CyMileil i minTeepakeHo 38’ s3ysanns ionis Cl i SO42 B AFm
¢asu y Burmani coni Kysens, mo no3Boisie mepen0auuTy MifBUIIEHY JOBTOBIUHICT apMaTypH y
Marepianax Ha iX OCHOBI.

1. Y. Savchuk, A. Plugin, V. Lyuty, O. Pluhin, O. Borziak, Study of influence of the alkaline component on the
physico-mechanical properties of the low clinker and clinkerless waterproof compositions. MATEC Web of
Conferences 230, 03018 (2018).

2. boiiko O.B., Koansuyk O.1O., Kpusenko I1.B., Poxs Al203 y cknani nuiaky y 3arnodiransi Koposii apmaTypu y
HuTaKomykHoMy Gertoui // Marepiamu VI mikunaponHoi HaykoBo-npaktnunoi kondepenuii «Teopis i Metoan
OyniBeIbHOro MaTepiano3HaBcTBay» 5-6 mucronana 2020 p. Xapkis, XHYBA.
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The purpose of this work is the development and combination of effective ways to prevent
corrosion of steel reinforcement in slag concrete, obtained from high-mobility concrete mixtures, to
increase the durability of reinforced concrete structures operated in aggressive environments. After
all, every day the percentage of concrete mixtures with high workability increases significantly [1]
and this requires detailed research in the direction of formation of stable phases that will bind CI’
and SO4> ions and prevent destructive corrosion of reinforcement in the body of alkaline concrete
[2].

As objects of research fine-grained concretes on the basis of slag-alkaline system
"granulated blast furnace slag - alkaline component”" are chosen. Soda ash and metasilicate were
selected as the alkaline component. The content of soda and metasilicate is 6.95 and 13.0%,
respectively, by weight of slag. To bind aggressive to steel reinforcement ions CI" and SO4% in the
composition of alkaline cement was introduced a complex additive represented by alumina cement,
portland cement and clinoptilolite in the following amounts: alumina cement - 3.42%, portland
cement - 1.58%, clinoptilolite - 5%. The ratio of Portland cement and alumina cement in the
complex additive is 2.17 : 1. At this ratio there is a directed formation of highly basic
hydroaluminate 3CaO - Al203 - 10H20. Specifics of the influence of the complex additive on the
processes of structure formation of slag-alkali concrete were investigated by means of methods of
physicochemical analysis. The content of the complex additive was 10% by weight of alkaline
cement.

According to the research results, the hydration products of the control samples (without the
introduction of a complex additive) are represented by low-basic calcium hydrosilicates of CSH (I)
structure and 2CaO - 3SiO2 - 2H20 gyrolite. The introduction of a complex additive provides the
formation of hydration products in addition to low-base hydrosilicates and calcite and chloro-
sulfoaluminate AFm phases in the form of Kuzel's salt, which indicates the binding of CI" and SO4*
ions by calcium hydroaluminate 3CaO - AI203 - 10H20, which was formed with the participation
of Portland cement and alumina cement in hydration processes.

The strength of the samples, where as an alkaline component was used soda ash is 29.1 MPa
on the 28th day of hardening. When using metasilicate as an alkaline component, the strength of the
samples is 43.1 MPa.

In the course of research the influence of composite composition and microstructure of slag
alkali cement on transport of CI,, SO4* ions in slag-alkali concrete obtained from highly mobile
mixtures was determined and the binding of Cl- and SO4* ions in AFm phase in the form of Kuzel's
salt was confirmed, which allows to provide the increased durability of armature in materials on
their basis.

1.Y. Savchuk, A. Plugin, V. Lyuty, O. Pluhin, O. Borziak, Study of influence of the alkaline component on the
physico-mechanical properties of the low clinker and clinkerless waterproof compositions. MATEC Web of
Conferences 230, 03018 (2013).

2. Boiko O.V., Kovalchuk O.Yu., Kryvenko P.V., Rol Al;O;3 u skladi shlaku u zapobihanni korozii armatury u
shlakoluzhnomu betoni // Materialy VI mizhnarodnoi naukovo-praktychnoi konferentsii «Teoriia i metody
budivelnoho materialoznavstva» 5-6 lystopada 2020 r. Kharkiv, KhNUBA.
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Kuiscokuil Hayionanvuutl yHigepcumem 0yOi6HUYMEA I apXimexmypu
Haykoeo-0ocnionuii incmumym 6 ’sicyuux pewosun ma mamepianie im. B /1. I'nyxoecvroeo

HeGe3nexa BUKOPHCTaHHS aKTUBHUX 3aIIOBHIOBAUIB IIOJITAa€ Y BUHUKHEHHI NECTPYKIIHHHUX
MPOIECiB, COPUYMHEHHUX JIy>)KHOKO KOpo3iero. B mporeci Jy:kHOI KOpo3il MPOIYKTH peakuii Mik
JyraMd LEMEHTy { aKTHBHUM KPEMHE3eMOM 30LIBIIYIOThCA B 00’€Mi, [0 BUKIMKA€E BHYTPIIHI
HaNpy>XEHHS, SKi NPH3BOIATH MO pyHHyBaHHS Martepianmy. OpHak, BpaxOBYIOUH IOTpeOy
CBOTOJICHHS y PO3LIMPEHHI CHPOBUHHOI 0a3u AJ1si BAPOOHHUIITBA Oy 1IBEIbHUX MaTepialiB, MUTAHHS
IIPO 3aCTOCYBAHHS aKTUBHUX 3aIIOBHIOBAa4iB HaOyBae Bce OLbIIOI akTyanbHOCTI. [Ipore Gesneune
BUKOPHCTAaHHS TaKHX 3aIllOBHIOBAYiB IOTPeOy€ MPOBEICHHs IPYHTOBHUX JOCIIKEHb B HANPAMKY
CIPSIMOBAHOT'O YIPABIiHHA CTPYKTYPOIO 1 BIACTUBOCTSIMH OTPHMAHUX MaTepianis [1].

[MonepeqHbo MPOBEICHI JOCIIKEHHS TO3BOJIMIN BU3HAYUTH MOXKJIMBICTD CHUIBHOT pOOOTH
MaTpHLi JY)KHUX IIEMEHTIB i aKTMBHHMX 3allOBHIOBAYiB, NpeJCTaBICHUX OazanbToM. BBeneHHs B
CHCTEMY «JIyXKHHUH MOPTIAHALIEMEHT — 0a3anbT» METaKaolliHy, K aKTUBHOI MiHEpalIbHOI J0OaBKU
MOKpAIly€e MIIHICHI XapaKTePUCTHKH Marepialy 3a paxyHOK 3B’si3yBaHHs ioHiB Nat Ta K+. A
JOCTIPKeHHs 3aKOHOMIpHOCTI 3MiHH pH cepemoBuia Iy>KHOTO IEMEHTY NpU DI3HOMY BMICTi
JI’>KHOTO KOMIIOHEHTY JIO3BOJIMJIO BCTAHOBHTH, IO 3BHYAIHOrO BMICTY JIYI'y B TaKHX CHCTEMax
HEJIOCTAaTHBO ISl HOPMAJILHOTO TPOTIKAHHS MPOLECIB CTPYKTYpOYTBOPEHHS. 3arajbHa JIy>KHICTh
CHCTEMH I1aJJa€ BXKE B [IOYATKOBI TEPMIHHU 1 B IOJAIBIIOMY MAa€ CTiKy TCHACHIUIO JO 3MCHIICHHS.
OnTuManbHUN JTOJATKOBUH BMICT JIyTy B CHCTEMI CTaHOBUTH 6-8%, 110 3a0e3nedye BUCOKI
nouaTkoBi moxasHuky pH (11.5-11.7), a Takox 30epexeHHs moka3Huka pH B 9aci (7o moxa3HuKa
11 B mepebiry 4-24 romunm) [2]. 3 TOYKK 30py MIIJHICHUX NOKAa3HHUKIB i3 HaiKpamoro Goky cebe
3apeKOMEH/yBall CUCTEMU HA OCHOBI JIy’KHOI'O HOPTIAHALCMEHTY, K Y YUCTOMY BUIVIAAL, TakK i i3
BBeieHHAM 10% merakaoniny (46,8 ta 70,8 MIla y Biui 28 1i0 BianosiaHO).

Hapasi mociimpkeHHAX CHPsIMOBaHI HAa BHBYCHHS BIUIMBY YMOB TBEPAHCHHS HA KiHETHKY
HAOOpy MIIHOCTI Jy>)KHMX LEMEHTIB 3 BHUKOPUCTAHHSM AKTMBHOIO 3allOBHIOBaua (Ha MPHKIaIl
6a3anbTy). BuTpuMyBaHHS KOHTPOJBHHX 3pa3KiB-O0alo4oK po3mipoM 4x4x16 cM y HOpMalbHHX
YMOBaxX Jla€ MOXJIMBICTh OTpHMaTH MinHicTh Ha 28 1no0y 40 MIla. [locmipkyBaHi 3pa3ku
BUTPUMYBAIU Y HOPMAIBHUX yMOBAX NpoTsAroM 7 mi6 (MinHicTs mpu ctucky 10 MIla), micns woro
pO3MOXNUISIM HAa YOTHPH TPYIHM: HOpManbHE 30epiraHHs, BHCYLIyBaHHS i3 IOJAJIBIINM
MOBEPHEHHSIM /10 KaMepu HOPMalbHOro 30epiraHHs, BHCYIIyBaHHA Ta Tiapodobdizauis Ta
rigpodo0izamis 3paskiB 0e3 BHCYNIyBaHHSA. BCTaHOBICHO, IO HAWIipIIMMM yMOBaMH €
BHUCYIIYBaHHsS Ta rigpodo0bizamis (minHicTh Ha 28 no0y 10 MIla), a Halkpammu yMOBaMH —
rigpodo0izanis 6e3 BUCyNTyBaHHS, 110 3a0e3nedye Ha 28 100y TBepAHEHHs MinHicTh 48 MITa.

OTpuMaHi pe3ysIbTaTH JOCHTIIKEHb MiATBEPIUKYIOTh MOKIHBICTE BUKOPUCTAHHS aKTHBHUX
3aMOBHIOBAYIB JUIl BUTOTOBJICHHS OyiBEJIbHUX MaTepialliB, 30KpeMa Ha OCHOBI JIy)KHUX LIEMEHTIB.
Ane s Ge3NeYHOro Iepebiry mpoueciB CTPYKTYPOYTBOPCHHS KOMIIOHEHTHMII CKJIaJ CHCTCMH
JIOBOJIUTHCS KOPUI'YBAaTU ILIAXOM BBEJCHHSA AKTUBHOI MiHEpajbHOI 100aBKM Ta J0JaTKOBOIO
Jy’>KHOTO KOMIIOHEHTy. Bukopucranua x Tifpodo0i3yrounx n00aBOK [J03BOJSAE MiJBHIIUTH
MIlHICTh MaTepially HaBiTh IIPH SKCILTyaTawil y HOpMaJIbHUX TCIUIOBOJIOTICHUX YMOBaX.

1. Krivenko P.V., Kovalchuk O.Yu. Influence of type of alkaline activator on durability of alkali activated
concrete using aggregates capable to alkali-silica reaction. Key Engineering materials. Vol. 864, pp. 180-188. DOI:
10.4028/www. Scientific.net/KEM.864.180

2. Kosampuyk O.1O., 303ynunens B.B., BiumB y)kHOro KOMIIOHCHTa Ha 3MiHY MOKa3HHMKa JIY)KHOCTI CHCTEMH
IIJTAKOJTY)KHOTO [IEMEHTY TIPH B3a€MOJIl 3 aKTHBHIMH 3allOBHIOBauaMHu // 30ipHUK HAyKOBHX Ipalb YKPaiHCHKOTO
JIep’KaBHOTO YHIBEPCUTETY 3alli3HUYHOTO TpaHcnopty. — 2020. — Bum. 192 — C. 6-11.
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The danger of using active aggregates is the occurrence of destructive processes caused by
alkaline corrosion. In the process of alkaline corrosion, the reaction products between cement
alkalis and activated silica increase in volume, which causes internal stresses that lead to the
destruction of the material. However, given the need today to expand the raw material base for the
production of building materials, the question of the use of active aggregates is becoming
increasingly important. However, the safe use of such aggregates requires thorough research in the
direction of targeted management of the structure and properties of the obtained materials [1].

Previous studies have identified the possibility of joint work of the matrix of alkaline
cements and active aggregates, represented by basalt. The introduction into the system of "alkaline
Portland cement - basalt" metakaolin as an active mineral additive improves the strength
characteristics of the material due to binding of Na™ and K™ ions. A study of changes in the pH of
the alkaline cement medium at different contents of the alkaline component allowed to establish that
the usual alkali content in such systems is not enough for the normal gain of the structure formation
processes. The total alkalinity of the system falls in the initial period and then has a steady
downward trend. The optimal additional alkali content in the system is 6-8%, which provides high
initial pH values (11.5-11.7), as well as maintaining the pH value over time (up to 11 for 4-24
hours) [2]. In terms of strength, systems based on alkaline Portland cement, both in pure form and
with the introduction of 10% metacaolin (46.8 and 70.8 MPa at the age of 28 days, respectively)
have proven to be the best.

Currently, studies are aimed at studying the effect of curing conditions on the kinetics of the
strength of alkaline cements using an active aggregate (for example, basalt). Maintenance of
samples-beams in the size of 4x4x16 c¢cm in normal conditions gives the chance to receive durability
for 28 days of 40 MPa. The specimens had been storied in normal conditions for 7 days
(compressive strength 10MPa)? After that they had been separated onto 4 groups: normal
hardening, drying and returning into the normal curing chamber, drying and hydrophobization and
hydrophobization without during. It was set that the best curing conditions are hydrophobization
without drying (48 MPa) and the worth — drying and hydrophobization (10 MPa).

Whereas drying leads to a significant loss of strength of the samples to 15 MPa. This may
indicate that the material after drying begins to absorb water from the environment and hydration
processes continue in its structure. A successful solution to this problem was the use of a water
repellent, which is applied to samples at the age of 7 days without pre-drying. The strength of such
samples on the 28th day of curing is 48 MPa.

The obtained research results confirm the expediency of using active aggregates for the
manufacture of building materials, in particular on the basis of alkaline cements. But for the safe
course of the structure formation processes, the composition of the system must be adjusted by
introducing an active mineral additive and additional alkaline component. Also to improve the
strength and reduce the risk of destruction, the material should be coated with a water repellent.

1. Krivenko P.V., Kovalchuk O.Yu. Influence of type of alkaline activator on durability of alkali activated
concrete using aggregates capable to alkali-silica reaction. Key Engineering materials. Vol. 864, pp. 180-188. DOI:
10.4028/www. Scientific.net/KEM.864.180

2. Kovalchuk O.Yu., Zozulynets V.V., Vplyv luzhnoho komponenta na zminu pokaznyka luzhnosti systemy
shlakoluzhnoho tsementu pry vzaiemodii z aktyvnymy zapovniuvachamy // Zbirnyk naukovykh prats Ukrainskoho
derzhavnoho universytetu zaliznychnoho transportu. —2020. — Vyp. 192 — S. 6-11.
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BruiuB KHCJIOT Ta iX po34HHIB Ha (JOPMYBAHHS CTPYKTYPH $623aJbTOBOI0 BOJIOKHA.

Okcana beponuk, kano.mexn.nayk, ooyenm kageopu THKB,
Anna Maiicmpenko, kano.mexu.nayk, ooyenm xageopu TBKB,
Anopin Conozy6, cmyoenm
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Mera IOCHIDKEHHS — 1Ie OJIepyKaHHsI THYYKHX TEIUIO3BYKOI30JIIIIHHIX BUPOOIB HA OCHOBI
Mo (ikoBaHOTO 0A3aILTOBOTO BOJIOKHA 1 B3a€MO/Iisi 0a3aJIbTOBOrO BOJIOKHA 3 PO3UMHAMM KHCIIOT.
[1]. BunpoOyBaHHS HPOBOMMIMCS 3TiJHO CYy4aCHHX METOMIB, TAaKHX SIK: ONTHYHA 1 EJICKTPOHHA
MIKPOCKOIIis, XIMIYHUM eJeMEeHTHMH aHaii3 Ta iHmi. Bu3HavyeHHs (i3MKO-MeXaHIYHUX
BJIACTHBOCTEH 1 TEPMOMEXaHIUHHX XapPaKTEPUCTHK MPOBOJIWIKMCS 32 TPAAULIHHUMHU METOIUKAMHU
3riTHO HOPMATUBHUX JTOKYMCHTIB.

bazanbToBi BOJOKHAa MalOTh CKIONOAIOHY a00 CyOMIKpOKpHCTANIUHY CTPYKTYpY, HpH
B3a€MOJIT 3 POYMHAMH KHCJIOT Pi3HOI XiMi4HOI IpHUpoau 0OyMOBICHA NEBHUMH 3aJEXKHOCTSIMH 1
3aKOHOMIpHOCTSMU. B mpoBeneHux nociipkenHsix [1,2] Oyo nokasaHo, o CTIHKICTh 6a3aIbTOBUX
BOJIOKOH IO [ii HEOpPraHiYHMX KHCJIOT iCTOTHO 3aJ€XHThb Bif IX XIMI4HOTO CKJIagy Ta YMOB
00poOku. Ilpy miABUIIEHHI TEMIIEPaTypH PO3YMHY KHCIOT IPHIIBHILIYE IIPOLEC BHIYyTOBYBAaHHS,
10 CYNPOBOMKYETbCA TiAPOTEPMAbHUM CTAapiHHAM BOJOKHA. 30idbIieHHs BMicTy SiO2
IIPU3BOJUTH 0 3POCTAHHS CTIHKOCTI BOJIOKOH IO Aii KHCIIOT.

Sk HaBenieHo B JliTepaTypHuX Jukepenax [1] 6azanbToBi BojokHa 3 BMicToM Si02>50...60%
HE pO34YMHHI B KHcJOoTax. BrmmB okcuaiB Fe i Al Ha KHMCIOTOCTIHKICTH 0a3aJIbTOBOrO BOJIOKHA
HOCHTH CKIIAJJHUH 1 CyNepewInBHil XapakTep. 3TiIHO pe3ysbTaTiB JOCIIIKEHb MOJKHA 3a3HAYHTH,
o 3amina B ckii SiO2 Ha FexO3 npu3BOANTb 10 3HMKEHH KUCIOTOCTIHKOCTI BoJOKHA. O/lHAaK Take
3HIDKEHHS HE IPSIMO NPONOPLiliHE MiABUIICHHS BMICTY OKCHJIB 3aJIi3a.

Bamimenns okcuniB CaO 1 MgO Ha oxcuau 3aiiza B KuibkocTi 3...15% 06e3 3MiHu BMicTy
SiO2 cnouaTKy 3HIXKYE KHCIOTOCTIMKICTh, a NIpH IOJAIbLIOMY IMiJBUINCHHA CIIOIyK 3aii3a
MPU3BOUTH JI0 301IBIICHHS KUCIOTOCTIMKOCTI BOJIOKHA B 3 1 OLIbIIE pa3H.

Beranosneno, mo 3amina CaO na MgO (6e3 3minum Bwmicty SiO2) Npu3BOAMTH 10
IIiIBUIIEHHS KUCIOTOCTIMKCTI BONOKOH. BigcyTHicTs MgO npHu3BOANTE 10 PO3YUHEHHS BOJIOKOH B
KucioTax, a nmoHa 3amina CaO Ha MgO Hagae BOJOKHAM BHCOKY KHCIOTOCTIHKICTB. 301IbIICHHS
BMicTy MgO Tako)X MO3MTHBHO BIUIMBA€ Ha SIKICTb BOJIOKOH, X MillHICTb, €JACTHUYHICTH 1
TeMIlepaTypocTiikicTs. [Ipu abcomorHOoMy 30imbIIeHH] BMicTy Al203 KHCIOTOCTIMKICTh BOJIOKHA
3HIDKY€ETBCS, 110 MOSICHIOETHCS THM, [0 B MOMEHT yTBOPCHHsI BOJIOKHA Al 3HAXOIHUTh B LICCTEPHIi
KOOpAMHANii 1 pO3MIlIyeThCA HE y By3/laxX KapKacy, a B IIyCTOTaX, BHACTIZOK HYOTO KapKac
MOCTA0IIOETECS 1 IOro KHCIOTOCTIKICTE Magae. dakropamu, sIKi BU3HAYAIOTh CTPYKTYpHI, (i3nuKo-
MeXaHiyHi 1 XiMi4HI BJIacTMBOCTI 0a3aJbTOBOrO BOJIOKHA € TepMiyHA MNpeaicTopis 0a3aabToBOT
MOPO/IN/PO3ILIaBy/BOJIOKHA. 3TiHO aHaNi3y pe3yJbTaTiB JOCIIHKEHb MOXKHA 3pOOMTH BHCHOBOK,
1[0 XIMIYHHMH CKJIAJ 1 KOHIIGHTPAIisl €JIEMEHTIB B KOPO3IHHOMY CEpEOBHILI MICIs BUTPHUMYBAHHS
0a3aIbTOBOTO BOJIOKHA € (DYHKII€I0 0araThOX YMHHMKIB 1 Ied mporec Moxe OyTH BHKOPHCTAHUH
IUIsL OTPHMAaHHS HOBHX Harepe]l 3a/IlaHiX BIACTHBOCTEI CTPYKTYpH 6a3aJIbTOBOTO BOJIOKHA.

B 3anexHoCTI BiJ CHIBBIJHOILEHHS MapaMeTPiB TEXHOJIOTIYHOTO MPOLECY, MIHEPAIbHOTO 1
XIMIYHOro CKjiamy 0a3aJbTOBOI INHMXTH, IPOLEC CTBOPEHHS CTPYKTypH 0a3aabTOBOTO BOJIOKHA
MOXKJIMBO HAQJATH IEBHI CTPYKTYPHI XapaKTCPHCTHUKH, IO JAIOTh MOXJIMBICTH OTPUMAHHSI
023aIbTOBOTO BOJIOKHA 3 Hamepe]] 3alaHUMU BIIACTHBOCTSMH.

[TepcriexTHBaMH MOJAIBIIMX JOCHIIKEHb € PEKUMU TEXHOJOTIYHOTO IPOLECy Taki SIK
PEXUM OXOJIOJPKEHHS 0a3aIbTOBOI0 BOJIOKHA, IPOLiecH HOro cralimizarii.

1. Song J. Basalt fibre-reinforced PA1012 composites: Morphology, mechanical properties, crystallization
behaviours, structure and water contact angle J. Compos. Mater. 2014. V. 49. N 4. pp. 415-424.

2. Berdnyk O Yu, Lastivka O V, Maystrenko A A, Amelina N O. Processes of structure formation and
neoformation of basalt fiber in an alkaline environment. — IOP Conf. Series: Materials Science and Engineering. —
Innovative Technology in Architecture and Design (ITAD 2020). — Vol. 907. — 012036.
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The purpose of the study is to obtain flexible heat-insulating products based on a modified
basalt fiber and the interaction of basaltic fiber with acid solutions. [1]. The tests were conducted
according to modern methods, such as: optical and electronic microscopy, chemical elemental
analysis and others. Determination of physical and mechanical properties and thermomechanical
characteristics was carried out according to traditional methods according to normative documents.

Basalt fibers have vitreous or submicrocrystalline structure, with interactions with reasons of
acids of various chemical nature due to certain dependencies and laws. In conducted studies [1,2] it
has been shown that the stability of basalt fibers to the action of inorganic acids depends
significantly on their chemical composition and processing conditions.

When increasing the temperature of the acid solution, accelerates the leaching process,
which is accompanied by hydrothermal aging of the fiber. An increase in the content of SiO: leads
to an increase in the stability of fibers to the action of acids. As shown in literary sources [1] basalt
fibers containing Si02>50 ... 60% are not soluble in acids.

The effect of Fe and Al oxides on the acid resistance of the basalt fiber is complex and
contradictory. According to research results, it can be noted that the replacement in the SiO> glass
on Fe20s leads to a decrease in acid resistance of the fiber. However, such a decrease is not directly
proportional to increase the content of iron oxides.

Replacement of CaO and MgO oxides to iron oxides in an amount of 3 ... 15% without
changing the content of SiO2 first reduces the acid resistance, and with further increase in iron
compounds leads to an increase in the acid resistance of the fiber in 3 and more times. It has been
established that CaO replacement on MgO (without changing the content of SiO2) leads to increased
acid-resistant fibers. The absence of MgO leads to the dissolution of fibers in acids, and the
complete replacement of CaO on MgO gives fibers with high acid resistance. An increase in MgO
content also positively affects the quality of fibers, their strength, elasticity and temperature
resistance. With absolute increase in the Al2O3 content, the acid resistance of the fiber is reduced,
due to the fact that at the time of the formation of fiber al finds in the gear coordination and is not
placed in the nodes of the frame, and in voids, as a result, the frame is weakened and its acidity
falls. Factors that determine structural, physical and mechanical and chemical properties of basalt
fiber are the thermal predominor of basalt breed / melt / fiber. According to the analysis of research
results, it can be concluded that the chemical composition and concentration of elements in a
corrosive medium after maintaining the basalt fiber are a function of many factors and this process
can be used to obtain new predetermined properties of the structure of the basalt fiber.

Depending on the ratio of parameters of the technological process, mineral and chemical
composition of basalt charge, the process of creating a basalt fiber structure is possible to provide
certain structural characteristics that allow basalt fibers with predetermined properties.

The prospects of further research are the modes of the technological process such as the
mode of cooling the basalt fiber, the processes of its stabilization.

1. Song J. Basalt fibre-reinforced PA1012 composites: Morphology, mechanical properties, crystallization
behaviours, structure and water contact angle J. Compos. Mater. 2014. V. 49. Ne 4. pp. 415-424.
2. Berdnyk O Yu, Lastivka O V, Maystrenko A A, Amelina N O. Processes of structure formation and

neoformation of basalt fiber in an alkaline environment. — IOP Conf. Series: Materials Science and Engineering. —
Innovative Technology in Architecture and Design (ITAD 2020). — Vol. 907. — 012036.

127
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Meta mocHiIKEHHS - BH3HAUCHHS KOPO3iMHOI criiikocTi momiedipHUX MOPOMIKOBUX
MOKPUTTIB 3 BUKOPUCTAHHSM DI3HUX THUIIIB HANOBHIOBAYiB Ta oNTHUMi3auis ix ckimani. Bubip Bumy
3aXUCTY BiJ KOpo3ii OyIiBeNbHUX METaICBUX BHPOOIB Ta KOHCTPYKILIH SBIIsiE COOOI0 KOMIUIEKCHY
3a/la4y 3 ypaxyBaHHSIM TEXHIKO-€KOHOMIUHHMX 1 eKCIUTyaTamiiHux moka3HukiB [1]. Ilopomikosa
¢dapba — Marepian SAKUH € OJHMM 3 HAHOLIBII NEPCIEKTUBHUX M CTBOPEHHS TEXHIKO-
CKOHOMIYHOT'O Ta EKOJIOTIYHOTO 3aXHUCHOTO IOKPHTTS Ui IIMPOKOTO aCOPTUMEHTY OyAiBEIbHHX
BUPOOIB [2].

Komrmo3suiiro nopomkoBoi GpapOou roTyBaii IUIIXOM CIUIBHOTO 3MIllyBaHHS BiJJ030BaHHX
CHPOBUHHHUX MaTepialliB B MiKCE€pax POTOPHOrO THITY 3 MOJAJIBIIO FOMOTEHI3ali€0 cyMilli (1pu
temnepatypi 80...120 °C) B TepMOCTaTHUX IIHEKOBHX 3MilllyBadax (€KCTpy/epax), BUAaBIIOBAHHIM
MacTonoAi0OHOT cymimn 3 eKcTpyaepa, i OXOJIO/DKCHHSIM, Ta IMOJPIOHCHHSM Ha CrelialbHUX
MITHHAX.

Sk dakTopu BapiroBaHHS y CKJIaJi KOMIO3HUINA MOPOIIKOBOI (apdu Oyino oOpaHO BMiCT
nomaieipuoi cmomu (50 — 70 %), HamoBHIOBaya y Burisiai merakaoiina (0 — 40 %), a Takox
MIrMeHTy y BUIIAAL Aiokcuny Tutany (10 — 20 %) 3Bepx 100 % Bix macu xomnosuuii. Pe3ymbratu

JOCII/DKeHb KOPO3iiHOI CTIMKOCTI JIeKOPaTHBHO-3aXMCHUX MOPOLIKOBUX IOKPUTTIB HaBEICHO Ha
puc.1, puc. 2.

et T R i

Puc.1. - [3onmapamerpuuHa aiarpaMa 3MiHU

b Puc. 2. - [3onapamerpuyna Jiarpama 3MiH|
NIMPHHY BiIIAPYBAHHS TOKPUTTS 3
. . [IMPUHU KOPO3il HOKPUTTS 3 BAKOPUCTAHHSIM
BHKOPUCTAHHSIM METAKAOoJiHy B CKJIai ; .
METaKaoJIiHy B CKJIajli HOPOLIKOBHUX (apO.
nopomkoBux ¢apo.

3a pesyJbTaTaMH JOCITI/DKEHb OTPUMAHO €KOJIOTiuHi J1ako(apOOBi MOKPUTTS IiIBHICHOT
KOPO31{HOT CTIIKOCTI Ha OCHOBI MOPOIIKOBHX (hap0, SIKI MICTITh B SKOCTI HAMOBHIOBAYA CHJIIKATH Y
BUIUIA/II METakaoliHy. BHKOpHCTaHHsS BKa3aHOrO HAIlOBHIOBAaYa B CKJIadi MOPOIIKOBOi (apOu
crpusie 3MEHIIECHHIO IIHUPHHU BiAIapyBaHHs MOKPUTTS 10 2,13 MM Ta IIUPUHU KOPO3ii MeTay 10
1,38 MM micis BUIPOOYBaHHS B KaMepi CONBOBOTO TyMaHy 3 KOHJICHCAII€I0 5 % BOJHOTO PO3UHHY
XJIOpUJIy HATPIlO, a TAKOXK KJIACU(IKye OTpUMaHi TOKPHUTTS IO KaTeropii aTMocqepHOi KOpo3iiHOT
arpecuBHocTi C3 Ta C4 3rinHo 3 ISO 12944-2:2017, 1m0 BiJNOBiHO, CTBOPIOE NEPEIYMOBH JUIs
BUKOPHCTAHHS BKa3aHUX KOMIIO3HIIIH B YMOBaX IiJBUIIECHOI KOPO3iiHOT arpeCHBHOCTI.

1. Puig, M. Anticorrosive Properties Enhancement in Powder Coating Duplex Systems by Means of ZMP
Anticorrosive Pigment / M. Puig, M.J. Gimeno, J.J. Gracenea, et al / Assessment by Electrochemical Techniques.
Progress in Organic Coatings, 77, 2014, pp. 1993-1999.

2. De Lange, P. A. History of Powder Coating / P. De Lange. — Paint & Coatings Industry Magazine Available,
2004. — Vol.2. — pp.16 — 24.
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Powder coatings for corrosion protection of metal structures.

O. Lastivka, Candidate of technical Sciences, Associate Professor of the Department of
technologies of building constructions and products,

O. Berdnyk, Candidate of technical Sciences, Associate Professor of the Department of
technologies of building constructions and products,
D. Tomin, Student

Kyiv National University of Construction and Architecture in Kyiv

The purpose of the study was to study the corrosion resistance of polyester powder coatings
using various types of fillers. Choosing a type of corrosion protection for construction metal
products and structures considering the technical and economic as well as operating factors is a
complex problem [1]. Powder coating is one of the most perspective materials to create a technical
and economic as well as an eco-friendly protective coating for wide range of construction products
[2].

The composition of the powder coating has been prepared by mixing together dosed raw
materials in wheel-type mixers and homogenizing the mixture (at 80...120 °C) in thermostatic screw
mixers (extruders), pressing the pasty mixture out the extruder, cooling it and breaking to pieces
with special mills.

The content of the polyester resin (50 — 70 %), filler in the form of metakaolin or talc (0 — 40
%) as well as pigment in the form of titanium dioxide (10 — 20 %) have been selected as variation
factors in the compositions of the powder coating above 100 % of the composition mass. Results of

corrosion resistance tests for decorative and protective powder coatings are shown in the Fig. 1,
Fig. 2.
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Puc.1. - Isoparametric diagram of change in Puc. 2. - Isoparametric diagram of change in the
the peeling width  using metakaolin in metal corrosion width using metakaolin in
powder coating. powder coating.

According to the research results, we have obtained eco-friendly paint-and-varnishes coatings
of high corrosion resistance based on powder coating containing silicates as a filler in the form of
metakaolin and talc. Using the mentioned range of fillers in the powder coating contributes to the
decrease in the peeling width to 2.13 mm and metal corrosion width to 1.38 mm after testing in the
salt spray chamber with the condensation of 5 % of the sodium chloride water solution and places
obtained coatings into atmospheric corrosivity categories C3 and C4 according to ISO 12944-

2:2017, which creates conditions for using these compositions in the context of the excessive
corrosivity.

1. Puig, M. Anticorrosive Properties Enhancement in Powder Coating Duplex Systems by Means of ZMP
Anticorrosive Pigment / M. Puig, M.J. Gimeno, J.J. Gracenea, et al / Assessment by Electrochemical Techniques.
Progress in Organic Coatings, 77, 2014, pp. 1993-1999.

2. De Lange, P. A. History of Powder Coating / P. De Lange. — Paint & Coatings Industry Magazine Available,
2004. — Vol.2. — pp.16 — 24.
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® NIPA-CANP

Peani3auisfi cyyacHMUX KOHLeNUii aBTOMaTM30BaHOro NPoeKTyBaHHA i TexHonorii BIM

[MoBHMIA LK apXiTekpypHO-OyAiBENbHOrO MPOEKTYBaHHSA 3 BuAayelo
NPOEKTHO-KOHCTPYKTOPCHKOT AOKYMEHTAL.

[MpoLecopu OpieHTOBaHI Ha BUPILLEHHS 3aBAaHb Pi3HOT CKNAgHOCTI.

PeanisoBaHuit MeToa CynepenemeHTis, Lo A03BONSE 3HATU Byab-siki
0OMeXeHHs Ha po3Mip po3B's3yBaHoi 3aaaui.

TiHiAHMIA npoLiecop OpiEHTOBaHMIN Ha BUPILLEHHS 3aay4 Ha CTaTUYH
(cunosii aedhopmoBaHi) i AuHaMiYHi BNAMBY B NiHIlHIN NOCTaHOBL.
HeniHiiiHuiA KpokoBWiA - iTepaLiiiHnit NpoLiecop OpiEHTOBaHMA Ha
BUPILLIEHHS 33734 Y HEMIHIVHIN NOCTaHOBLY.

Mogyni BpaxyBaHHsi Di3u4HOi HeniHiHOCTi po3pobrneHi Ha OCHOBI
Pi3HWX HENiHiiHWX 3anexHocTeil - (B TOMY 4MChi 3 ypaxyBaHHsM
cnajawyoi rifku, po3BaHTaxyBaNbHOI TiNKK BiAMIHHOK BiA
HaBaHTaxyBamnbHOi).  MOXMMBICTb KOMM'OTEPHOrO MOAEMOBaHHS
NpOLECy HAaBaHTaXEHHS 3 JOCMIMKEHHSIM PO3BUTKY TPILLMH, MPOSIBOM
pechopmaii MOB3y4OCTi i TEKy4oCTi aX [0 OTPUMAHHS KapTUHM
PYiHyBaHHS KOHCTPYKLJii.

Mpouecop IHxeHepHa HeniHiiHICTL  403BONSE BPaXyBaTh 3HIKEHY
KOPCTKICTb  3ani300ETOHHUX enemMeHTiB npu po3paxyHky Ha Bce
HaBaHTaXeHHS 3 noAanbLnM Bu3HayeHHsm PC3, PCH.

Mpouecop MoHTax 403BONSIE NPOBOAUTI KOMM'OTEPHE MOAENIOBAHHS!
npoLiecy 3BefeHHs pi3HUX KOHCTPYKUin. Hanpuknag, 3BeAeHHs
BUCOTHUX OyaiBenb 3 MOHOMITHOrO 3ani3ofeToHy 3 ypaxyBaHHAM
6araTopasoBoro 3miH1 pO3paxyHKOBOI CXEMM, LEMOHTaXy CTiAoK
onany6ky, NPUKNafaHHs i 3HATTS MOHTAXHOrO HABAHTAXEHHS!, Pi3HOT
XopcTkocTi i MiyHoCTi 6eTOHy, BMKNMKaHOi TUM4YacoBUM
3aMOpPOXYBaHHSM YKIaAeHOi CyMiLLi, Ta iHWMMK hakTopamu.

Pexum BapiaHTHOTO NMpOeKTyBaHHs: B OfHOMY 3aBAaHi KopucTyBau
MOXe BapiloBaTV nepepizamu eNeMeHTiB, MaTepianamu, HopMaTusamu.

PossuHeHa 6ibnioTeka CKIHYEHHWX eNneMeHTiB, WO [03BONSE
CTBOPIOBATY KOMM'tOTEPHI MOAENi NPAKTUYHO By Ab-AKIX KOHCTPYKLiA.

KoHcTpykTop nepepisiB BUKOHYe OBYMCNEHHS XapaKTepucTuk
KOPCTKOCTI: 3rMHANbHUX, KPYTUMBHWX, 3CyBHWX, CEKTOpambHWX, NS
MOHO i MynbTi MaTepianbHiX [OBINbHUX nepepisiB. Mepepian MOXyTb
6yTU CyLinbHUMKM, TOHKOCTIHHUMM i komGiHOBaHUMM. [lonyckaeTbes
BKIIOYEHHS CMYrOBUX €NEMEHTIB, NPOKaTHUX NPOINiB i apmaTypHuX
BKITHOYEHb.

CucTtema, o KoHcTpytoe apmyBaHHs APM-CATP peanisye nin6ip
NroLL nepepisy apMaTypu KOMoH, 6anok, nuT i 060NoHOK 3a nepLwmMM Ta
APYTAM FPaHNYHAMK CTaHamK BiAMNOBIAHO AO PisHWX HOpMaTuBsiB. 3a
pesynbTaTami po3paxyHKy opMylTbCs KpecnerHs 6anok i koo, a
Takox cTeoptotoTbes dxf-chainu kpecneHb. PeanisosaHi [BH B.2.6-
98:2009, CIN 52-101-2003, CHulM 2.03.01-84, €spokoa, TCH 102-00,

LIRALAND TOB «J1IPA CAMP» _
pyna komnaHin + 38 044 590 58 86 www.liraland.ua



- J1IPA-

nporpamMH1i KOMMIIeKC AN PO3paxyHKy i NPOeKTyBaHHA GyAiBenbHUX KOHCTPYKLiN

CAIlP

PO3PAXYHOK | TPOEKTYBAHHSA 3ANI3OEETOHHUX KOHCTPYKLIA

APM-CAIP

CucTeMa, Lo KOHCTPYHE apMyBaHHSA

Peanisye nigbip nnowy nepepidy apmatypu KoroH, 6anok,
nnuT i 060MOHOK 3a NepPLUMM Ta APYTUM rPaHNYHUMU CTaHaMK
BiANOBiAHO [0 Ppi3HMX HopmaTtuBiB. 3a pesynbTaTamut
po3paxyHKy POpMYOTLCS KpecrieHHs 6anok i KOMoH, a Takox
cTBoptotoTbes dxf-chaiinu kpecneHb. Peanisoani 6H B.2.6-
98:2009, CIM 52-101-2003, CHulM 2.03.01-84, €EBpokoa, TCH
102-00, ACTY 3760-98.

NAPM-CAIMNP

JNokanbHUI pexxMm apMyBaHHs

[lo3Bonsie KOHCTpylOBaTU OKpeMuit 3ani3obeToHHUI
cTepXeHb abo OKpeMWIA eneMeHT nnacTuHu. MposoauTbes
nipbip i nepesipka 3agaHoro apmysaHHsi. Peanizosani I6H
B.2.6-98:2009, CI 52-101-2003, CHwul 2.03.01-84,
€spokoa, TCH 102-00, CTY 3760-98

YHiBepcanbHUil KOHCTPYKTOP nepepisiB

OBYNCIIEHHSI )OPCTKICHAX XapaKTEPUCTVK AN MaCUBHUX,
TOHKOCTIHHUX | KOMGIHOBaHWX NepepisiB, BKMOYAKYM 3CYBHI,
KPYTUINbHI i cekTopianbHi. Mepepia Moxe cknagatuca 3
GaraTomatepianbHUX BKIYeHb. EkcnopT o6uucneHmnx
XxapakTepuctuk B BI3OP.

BuanauenHst HOC nepepisy npv 3agaHux abo iMnopToBaHmx
3 Bisupy 3ycunnsix, B TOMy 4ucni i y Bunagkax HeniHiiHoro
nedopmyBaHHa MaTepianis nepepisy. [Ona 6arato
maTepianbHVX Nepepisis AN KOXHOro Matepiany BuoaeTbest
Lkana.

Po3paxyHOK 6€TOHHUX KOHCTPYKL,i
3 KOMMNO3UTHOK apMaTypoIo

PeanizoBaHo po3paxyHoK i nepeBipka nepepisis CTepXXHEBVX
i NNacTMHYacTUX enemMeHTIB 3 KOMMO3UTHOK apMaTypoio Mo
Cl163.13330.2012i BH B.2.6-98:2009.

3apaHe apMmyBaHHs

PeanizoBaHa TeXHOMOris 3aAaHHs peanbHoi apmaTtypu, sika
BUKOPWUCTOBYETLCS ANS NEpeBipku  3aKOHCTPYWOBAHOTO
06'ekTy (MO KOXHOMY Mepepidy BuparTbes 4 koedilieHTa
BMKOPUCTaHHS), @ TaKOX NS NPOBEAEHHS PO3paxyHKy 3
ypaxyBaHHsIM  Di3nYHOi, reoMeTpuyHOi Ta iHXeHepHOT
HeniHiHOCTI.

info@liraland.com.ua

’J +38 044 5905886
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MoaemoBanns koncrpykuiii B I[1IK JIIPA-CAIIP
3 ypaxyBaHHSIM IPOTH/Ii Iporpecyo4omy 00Ba/ICHHIO

Mapia Bapabaw’, doxmop mexn. nayk, npogpecop, npogpecop ragpedpu Kkomn iomepmux
mexnonozii 0yodignuymaeda,
Onexciit Bawuncokuii®, acnipanm

!Hayionanvnuii asiayitinui ynicepcumem (m. Kuis)
Kuiscoxutl nayionansuuii ynicepcumem 6yodisnuymea i apximexmypu (m. Kuis)

BusHavalbHe 3HAUGHHS HPH IIPOSKTYBaHHI Ma€ METOJAMKAa MOJENIOBaHHsA OyaiBenb 3
ypaxyBaHHSIM peajbHOi pPOOOTH KOHCTPYKILIH, HEMHIHHUX BIACTHMBOCTEH MarepialiB, BpaxyBaHH:I
IPOIeCy NOCTaIUITHOTO 3BEJCHHS, a TAKOXK M00YJ0Ba KOPEKTHOI KOHCTPYKTHBHOI CXeMH Oy B 3
ypaxyBaHHSIM 3MiHH HalpyXeHO-Ie()OPMOBAHOrO CTaHy B Tpoleci >XKUTTeBOro Iwkiay. [1].
BpaxyBaHHS TpomeciB JKHTTEBOIO LWKITy 3HAYHO BIUIMBAaE Ha ()OPMYBAaHHSA aIeKBAaTHOL
PO3paxyHKOBOI KOMI'TOTEPHOT Mo/iesti OyAiBIIi 1 Ha BUOIp pallioHAIILHOTO CIIOCO0Y PO3PaxyHKY, L0
JO3BOJIIE OTpUMATH peadbHI JaHI Ipo HampyxeHo-medopmoBanuii cran (HAC) Hecyuux
KOHCTpYKLIi [2].

VY j0moBifl NPONOHYIOTHCS MiJXOJM, L0 JO3BOJISIIOTH MEPEHTH Bij paHille NPUHHATOT
KOHIeNuii po3paxyHKy (pospaxyHkoBa cxema - HJIC) mo cydacHOI - MOAENIOBAHHS IIPOLECIB
JKATTEBOTO LUKy (TpoLEC 3BEACHHS, NPOLEC HABAaHTaXXCHHSA Ta iH.). 30KpeMa, MpPOIOHYETHCS
METOJMKA  MOJEIOBaHHA  OyniBeNb  Ha  Tporpecyrode  OOBaJeHHsS 3 ypaxXyBaHHSIM
IIPHCTOCOBYBAHOCTI KOHCTPYKIIIH.

3 BBEJICHHSIM B J[iF0 HOPMaTHBHUX JOKYMEHTIB [2] 11010 IPOEKTYBaHHS BUCOTHUX OYIIiBEIb,
chopMOBaHI BUMOTH, 3TiTHO 3 SAKUMU IOBHHEH 3/IHCHIOBATHUCS MPOIEC NMPOEKTyBAaHHSA OymiBIi.
OJHHMM 3 TaKMX BUMOT € PO3paxyHOK OymiBii Ha Hporpecyrode oOBajeHHs. Takuil po3paxyHOK
BBITHOCUTBCSL JI0 aBapiiiHOi cUTyalii, 1 Mae Ha yBa3i JIOKaJbHEe OOBaJCHHS a00 MOLIKOIKEHHS
OKpPEMHX CJIEMEHTIB HECYYHX KOHCTPYKILIH B MEXax OIHOTO IOBEpXy ab0 YaCTHHU MEPEKPUTTS
(obmexeHoro oo 10 80M2 abo piamerpoM o 10Mm), sike HE Bejie 10 TOBHOTO pyHHYBaHHS BCi€l
KOHCTpPYKIil 1 Oynaismi B minomy. [Ipu npoMy B OKpeMuX €IEeMEHTAaX KOHCTPYKLIH JOIIyCKaeThbCs
PO3BHUTOK TPIIIMH i IUIACTHYHUX AedopMamiid B apmarypi. Po3paxyHOK MiIHOCTI Ta CTiHKOCTI
KapKaca CIOpy/Ii MPOBOJANTHCS Ha aBapiiiHe CHOMydYeHHs HaBaHTaXkeHb. [Ipy bOMY Bi/MOBIAHO 10
HOPM - 'PaHHYHI NEpPEMILIEHHs] KOHCTPYKIii He PEerIaMeHTYIOThCS, HCOOXITHO OLIHUTH 3arajbHy
CTIHKICTh OYAIBIII B LIIJIOMY.

MozenioBaHHsI [IPOrPeCcyrouoro OOBaJieHHs HEOOXIAHO JUls JOCIHIKEHHS JKHUBYYOCTI
KOHCTPYKIIT, MOKJIIUBOCTI 1 MeXaHi3My ii PHCTOCYBaHHS NPU aBapiifHOMY BHXOI 3 JIagy OKPEMHX
KOHCTPYKTUBHUX eJeMeHTiB. Takuil ananiz Moxke OyTH 3pOoOJeHHH B pamMKax HeJliHIHHOro
JUHAMIYHOTO PO3pPaxyHKy, OJHAK HOro BUKOHAHHS IIPU MacOBOMY IPOCKTYBAaHHI B JaHHIl 4ac HE
NPEJCTABIAETHCS MOMKINBUM 3BaXKAIOUH HA BEJIMKY CKJIQIHOCTI i PECYPCOEMHOCTI PO3paxyHKy. Y
TOI1 JKe 4ac, MOXKHA BBA)KATH HECIIPOMOXKHOIO 1 CIIPo0y MOEIIOBAHHS IIPOLECY IIPOTPECYI0UOTr0»
pyiHHYBaHHS KOHCTPYKIii Ha OCHOBI JIiHIHHO-IPY>)KHOTO CTaTHYHOTO PO3pPaxyHKy, 3pOOJCHY B
JesKUX podoTax i MpOrpaMHHUX KOMILIeKcax. [l BUpIIIEHHS TaKoro Kiacy 3a/ad MpPOIOHYETHCS
MaTeMaTUYHE MOJICIIIOBAHHS IPOIIECY HABAHTAXKCHHS HA OCHOBI YTOYHEHOI'O KPOKOBOI METOLY, SIK
OCHOBHOT'O METOy IIPU MOJIETIOBAHHI IPOLECIB )KUTTEBOTO LUKy KOHCTPYKIIiit.

PeanizoBani B mporpamuHomy kommiaexci JIIPA-CAIIP meromuka ¢i3u4HO-HETiHIHHOTO
PO3paxyHKy KOHCTPYKIIH 3 TPIIIHHAMHE J03BOJISIE BAKOHYBATH OIIIHKY CTIHKOCTI 1 CTIHKOT MII[HOCTI
Kapkaca Ipyu porpecyrouoMy oOBajIeHHi.

3. Bapabam M.C. MoJenupoBaHue 3alpOCKTHBIX BO3JICHCTBUH IPH HCCICAOBAHUM SKU3HEHHOIO LKA
KOHCTPYKIMIA 31auuit n coopyxennii // International Journal for Computational Civil and Structural Engineering. —
2016. -Vol. 12. —Issue 3. — P. 15-26.

4. JIBH B.2.2-41:2019. BUCOTHI BY AIBJII. OCHOBHI TIOJIOKEHHSL.
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Modeling of structures in software LIRA-SAPR
taking into account counteraction to progressive collapse

M. Barabash', Doctor of Technical Sciences, Professor, Professor of the Computers
Technologies Department,
0. Bashynskyi’, Post graduate student

!National Aviation University (Kyiv)Kyiv
’National University of Construction and Architecture (Kyiv)

Determining the values in the design is a method of modeling construction based on the actual
operation of structures, nonlinear properties of materials, control of the stage erection’s process, as
well as construction of a correct structural scheme of construction considering changes due to
deformed state in the life cycle. [1]. Taking into account the life cycle processes significantly
influence the formation of an adequate computational computer model of the building and the
choice of a rational method of calculation, which allows to obtain real information about the stress-
strain state (SSS) of load-bearing structures [2].

The report proposes approaches that allow to move from the previously adopted concept of
calculation (calculation scheme - SSS) to modern - modeling of life cycle processes (erection
process, download process, etc.). Concentrated, a method of modeling construction on a progressive
fastening is proposed, considering the presence of structures.

With the introduction of regulations [2] on the design of high-rise buildings, the requirements
are formed, according to which the process of building design must be carried out. One such
requirement is the calculation of the building for progressive collapse.

This calculation refers to an emergency and implies local collapse or damage to individual
elements of load-bearing structures within one floor or part of the floor (limited area up to 80m2 or
diameter up to 10m), which does not lead to complete destruction of the structure and building as a
whole.

Thus, in separate elements of designs development of cracks and plastic deformations in
armature is allowed. The calculation of the strength and stability of the frame of the structure is
carried out on the emergency combination of loads. In this case, in accordance with the rules - the
maximum displacement of structures is not regulated, it is necessary to assess the overall stability of
the building.

Modeling of progressive collapse is necessary to research the survivability of the structure, the
possibility and mechanism of its adaptation in case of emergency failure of individual structural
elements. Such an analysis can be done in the framework of nonlinear dynamic calculation, but its
implementation in mass design is currently not possible due to the great complexity and resource
intensity of the calculation.

At the same time, an attempt to model the process of "progressive" destruction of the structure
based on linear-elastic static calculation, made in some works and software packages, can be
considered unsuccessful. To solve this class of problems, mathematical modeling of the load
process is proposed based on a refined step method, as the main method in modeling the life cycle
processes of structures.

Implemented in the software package LIRA-CAD technique of physical-nonlinear calculation
of structures with cracks allows you to assess the stability and stable strength of the frame with
progressive collapse.

1. Barabash M.S. Modelirovanie zaproektnij vozdeystviy pri issledovanii zhiznennogo tsikla konstruktsiy zdaniyi
sooruaheniy // International Journal for Computational Civil and Structural Engineering. —2016. —Vol. 12. — Issue 3.
—-P. 15-26.

2. DBN B.2.2-41:2019. VISOTNI BUDIVLI. Osnovni polozhennya.
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Po3paxyHok cTaje3anizodeTonnux koHcTpykuiii B IIK JIIPA-CAIIP

IOpii I'ensepcokuii, Kano.mexu.nayx, 3aCmynHuK Oupekmopa

TOB JIIPA CAIIP,

BaxnuBy posb y IpoeKTyBaHHI BUCOKOS(PEKTUBHUX OyIiBEIbHUX KOHCTPYKIUIH BIAIrpaloTh
CTane3aTi300eTOHHI eleMeHTH.  Binomo, mo crane3anizo0eToHHI KOHCTPYKII panioHaJIbHO
3aCTOCOBYBATHU /ISl HEPEKPUTTS BEJMKUX IPOJILOTIB. B TakuxX KOHCTPYKIUIAX 13 cTajne3anizo0eToHy
MIPOCKTYIOTHCS IUINTH, OAlKH, pureni, depmmu, CTiHOK, AKi CIPHUIIMAarOTh BENIHKI HABAHTAKEHHS
(KOJIOHU MPOMUCIIOBHX Ta IMBLUIBHUX OyaiBelb, oriopu JIEII To110) B iH)KEHEpHHX CITOpy/ax.

Takox /JOBEACHO TO3UTHBHI SIKOCTI 3ITHYTHX KOHCTPYKIIH 13 JKOPCTKOIO CTaJeBOIO
apmaTtyporo. IIpukinazoM MOXKyTh OyTH MOHOJITHI IUTUTH IO HPOQIIbOBAHOMY HACTWILY, OalKH 3
MoTIepe IHIM Hanpy KEeHHIM apMaTypu i 0es.

Crane3ani3o00eTOHHI KOHCTPYKIII, IO 3apeKOMEHAyBaIN cede SK HaliliHi Ta eKOHOMIuHi,
MOCTIfHO PO3BMBAIOTHCS 1 MOTPEOYIOTH PO3BUTKY IPOrPAMHOI0 3a0e3MeUeHHs Ul IIBHIKOIO Ta
HaAIHHOTO NPUHHSTTS NPOSKTHUX PIIICHb.

TIK JITIPA-CATIP, six npoBitHUI BITYU3HSAHUM IPOrPAMHUIl KOMIUIEKC, MIPUALISE PO3PAXYHKY TaKHX
KOHCTpYKLiK Benmuky yBary. B TIK JIIPA-CAIIP peanizoBaHo mnepeBipKy 3alli300€TOHHUX Tepepi3iB 3
JKOPCTKOIO apMaTypOI0, @ TAKOXK MiAdip JOAATKOBOTrO apMyBaHHS THYYKOIO apMaTypoIO 32 HEOOXiTHOCTI.

1. IBH B.2.6-160:2010.Konctpyxkuii Oyauskis i cnopya. Crane3anizo0eToHHI KOHCTPYKIil. OCHOBHI ITOTOXKEHHS.
2. TexuiuHui perinamMeHT OyAiBeIbHUX BHPOOiB, OyaiBesnb i criopya', 3aTBepKeHHil moctanoBoto Kabinety
MinictpiB Ykpainu Big 20 rpymnus 2006 p. Ne 1764

Design of composite (RC & steel) structures in LIRA-SAPR software

Iu. Genzerskiy, Ph.D., Deputy Director

LIRA SAPR Itd.

Composite (reinforced concrete & steel) elements are extremely important in design of highly
efficient building structures. Composite (RC & steel) structures are quite useful when it is necessary
to cover large spans. The following objects are designed as composite structures: slabs, beams,
girders, trusses, piers, that take high loads (columns of industrial and civil buildings, power
transmission line supports, etc.) in engineering structures.

Bent structures with stiff steel reinforcement are also proved to be beneficial. For example,
monolithic slabs on profiled sheeting, beams with/without prestressing of reinforcement.

Composite structures have proven to be reliable and efficient. These structures are subject to
continuous development, so they require advanced software to make design decisions quickly and
effectively.

LIRA SAPR company as a leading domestic software developer focuses on the analysis of
such structures. In LIRA-SAPR program it is possible to check the RC sections with stiff
reinforcement and to select additional reinforcement as bent reinforcement, if required.

1. DBN V.2.6-160:2010. ‘Building structures. Composite (RC & steel) structures. General provisions’.
2.‘Technical regulations for construction products, buildings and structures’ approved by the decree No. 1764 of the
Cabinet of Ministers of Ukraine (December 20, 2006).
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Metoau po3paxyHKy Boruecriiikocti 3a;1i300eTonnux koHceTpykuiii B IIK «/IIPA-CAIIP»
Onvea bawuncoka, kano.mexu.nayx, ingicernep-npoepamicm

TOB «JIIPA-CAIIP»

Po3paxyHOK 3ami300€TOHHHX KOHCTPYKIiH Ha BOTHECTiMKICTh - OJMH i3 HalBaXXIMBINIHX
eTamiB NPOCKTYBaHHS. Y HOPMAaTHUBHHUX JOKyMCHTAaX HABEACHO KiJlbKa BapiaHTIB PO3PaxyHKY
KOHCTPYKLIiI HA BOTHECTIMKICTb: CIPOIICHUH, YTOYHEHHH METOJ PO3PaxyHKY, a TAKOXK PO3PaxyHOK
3a TaOJIMUHUMHM JTAHUMH.

MeTor0 1aHOrO JOCHI/DKEHHS € aHaii3 MIIMHOCTI 1 JeopMaliiHuX XapaKTepUCTHK
3a11i300€TOHHHX €IEMEHTIB KOHCTPYKIIiif 32 yMOBH BOTHEBOT'O BILIHBY.

J171st TOCSITHEHHS! OCTaBJICHOT METH BHUPIIICHI HACTYIIHI 3aBIaHHS:

- BHUPILICHO 33/1a4y TEIJIONPOBIAHOCTI METOIOM CKIHYEHHUX €JIEMEHTIB, B SIKOMY BUSIBICHO
3MiHy TeMIIepaTypH IO Nepepisy KOHCTPYKTHBHOIO CJICMEHTY B Haci;

- TIPOAHANTI30BAaHO XapPaKTEPUCTUKU MIIHOCTI B JIIHIIHINA Ta HENiHIHHIA MMOCTAHOBI, B KX
B34TO O yBaru 3MiHy MIIHOCTI i AehopMaIiifHUX BIACTHBOCTEH MaTepialiB IpH MiJBHIICHHI
TeMIIEpaTypH.

Po3paxyHOk 3a TaOJMYHUMH JQHUMH - HAHOUIBII NPOCTUH BapiaHT, KOJIM MOXKHA BU3HAYMTH
TOBILMHY 3aXHUCHOTO Iapy OETOHY B 3aJIe)KHOCTI BiJl KJIacy BOTHECTIHKOCTI KOHCTPYKIIT 1 reoMeTpii
repepisy.

Ipu cnpomieHOMy METOAI PO3paxyHKY BBa)KAa€ThCA, IO OCTOH Ipu TeMmepaTypi monax 500
°C He BpaxoBY€eTHCs B poOOTI KOHCTPYKLii. ToMy HEOOXiTHO BU3HAUUTH PO3IOALT TEMIIEPATypH 110
nepepisy eneMeHTa, 1 B 3aJIeKHOCTI Bijl TeMIepaTypHUX MOJIB - BAKOHATH MILHICTHUH PO3paxyHOK
MPUBEJICHOTO Tepepidy. AJie BHIIE3a3HAuCHI BapiaHTH PO3PAaXyHKY J0BOJI oOMexeHi. Tak,
HaIPHKIIAJ, PO3PaxXyHOK 3a TAOIMYHMMHU JaHMMH MOXKHA BHKOPHUCTOBYBATH TiIBKU JUISl TIEBHOTO
3HAUCHHS HABAHTAKCHHS, BEIMYMHM CKCLIEHTPHCHUTETY 1 THYYKOCTI €IEMEHTIB. A CIpoIeHa
METOAMKA HE Jla€ MOMJIMBOCTI BPaxOBYBaTH 3MiHM XapaKTECPHCTHK MILHOCTI MaTepiaiiB IpH
migBuIIeHH] Temrneparypu. Y Toil 4yac, sSK yTOUYHEHHH METOJ PO3PaxyHKy € YHIBepCalbHUM s
OyIb-sIKO1 KOHCTPYKIUIi 1 JO3BOJIIE BpaxyBaTH 3MiHy BJIACTHBOCTCH OCTOHY i1 apMaTypu HpH
BOTHEBOMY BILIHBI.

Ipu pospaxyHKy OyAiBedb i CIOPYJ Ha BOTHECTIMKICTb, ISl KOXKHOTO 1H)XKCHEpPA TOJIOBHUM
MyTIBHUKOM y PO3paxyHKax € HOPMATWBHI JOKYMEHTH. it TOro, mo0 BHKOHATH YTOYHEHHMI
PO3paxyHOK KOHCTPYKLIl Ha BOTHECTIMKICTb HEOOXiIHO B mepuly 4Yepry 3HaTH, sK Oyxe
PO3MOIUIATHCS TEMIIEpaTypa MO Hepepi3y KOKHOIO KOHCTPYKTUBHOTO CIIEMEHTY, SKUH ITiINAeThCs
BOTHEBOMY BILTHBY. Takos, B HOPMax CKa3aHO, IO MPH TaKOMY ITiIX0Ji HEOOXiIHO BpaxoByBaTH
nedopmarii HoB3y4oCTi.

3rifHo 3 YTOYHEHHM METOJOM pO3PAaxyHKY, HEOOXIIHO NPOBECTH TEIUIOTEXHIYHUH
PO3paxyHOK, Ha OCHOBI SIKOTO NOTPIOHO 3MIHUTH MEXaHIYHi BIACTUBOCTI MaTepiaiB.

Jns toro, mo0® BHKOHATH TEIUIOTEXHIYHHN PO3PaXyHOK - TOTPIOHO BHPILIMTH 3aaady
TEIUIONPOBITHOCTI.

Bupimmi gany 3a1auy MOXKJIMBO METOJIOM CKIHUEHHUX €IIEMEHTIB 200 METOI0M CKIHUCHHHX
pisHunb. Ilpy BHKOPHCTaHHI IEPLIOrO0 METOXY, KOHCTPYKIIIO MOJCIIOITH CIICHiAIbHUMHU
CKIHUCHHUX €JIEMEHTAMH 3 OJHUM CTYNEHEeM BIJIBHOCTI - TEMIEpaTypolo, sika € CKaJSIPHOIO
BEJINYHHOIO.

[Ticnist BU3HAYCHHS TEMIEPaTypPHUX IOJB KOHCTPYKLIT, B PO3IIIIHYTIH MaTeMaTH4HIH Mozei
HEOOXITHO 3HM3UTH YKOPCTKICHI XapaKTEPUCTHKH MarepiaiiB 1 3pOOMTH MILICTHUH pPO3paxyHOK.
Ipu TakoMy mifxoni, 418 BU3HAUCHHS NOBHMX Ae(opMariii KOHCTPYKLii MOTPiOGHO BpaXxOBYBaTH
neopMallito MOB3y4YOCTi.

1. €Bpokoy 2. IIpoekTyBaHHs 3ai300€TOHHUX KOHCTpyKIii. Yactuna 1-2. 3aranpHi mojokeHHs. Po3paxyHOK
KOHCTpyKLii Ha BorHectitikicts: JICTY-H EN 1992-1-2:2012 (EN 1992-1-2:2004, IDT).

2. EN 1992-1-2 (2014): Eurocode 2: Design of concrete structures — Part 1-2: General rules — Structural fire design
[Authority: the European Union Per regulation 305/2011, directive 98/34/EC, Directive 2044/18/EC].
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Fire resistance analytical methods for reinforced concrete structures in SP "LIRA-SAPR"
O. Bashynska, Ph.D., software developer

LLC “LIRA-SAPR”

The fire resistance analysis of structures is one of the most important design stages. The
building rules expound several variants of fire resistance analysis of structures: simplified, qualified
methods of calculation and the calculation with reference to the tabular data.

The goal of the research is the studying the strength and deformation characteristics of
reinforced concrete floor slabs under fire exposure.

To achieve this goal it has solved the following tasks:

- the problem of heat conductivity by the method of finite elements. By solving the problem,
it revealed the temperature change all over the cross section of the structural element in time;

- linear and nonlinear strength problems, which take into account changes of the strength
and deformation properties of materials according to the temperature increasing.

The calculation with reference to the tabular data is the easiest way when you can determine
the thickness of the concrete protective layer, according to the fire resistance class of the structure
and geometry of the section.

In the simplified analysis method, it is estimated that concrete at temperatures above 500 °C
can’t be taken into account in the operation of the structure. Therefore, it is necessary to determine
the temperature distribution all over the cross-section of every element. According to the
temperature fields distribution we have to perform a strength calculation of the reduced cross
section. But, the abovementioned analysis types have some limitations. For example, the calculation
with reference to the tabular data must only be used for a certain level of loads, eccentricity values
and flexibility of elements. A simplified method doesn’t give us the opportunity to take into account
changes in the strength characteristics of materials caused by increasing temperature. At the same
time, the proposed analysis method is universal for any mathematical model and makes it possible
to take into account the changes of the properties of concrete and reinforcement during a fire action.
While realizing the fire resistance analysis of buildings and structures, for every engineer the most
important thing is a choice of building rules and regulatory documents.

The choice of these documents depends on the country in which the construction is planned
to be built. It is stated that in order to perform a qualified calculation method of the structure for fire
resistance, it is necessary first of all to know how the temperature will be distributed all over the
cross section of each structural element which is exposed to fire impact. The regulatory documents
also state that with this approach it is necessary to take into account creep deformations.

According to the qualified methods of calculation, it is necessary to do a thermal design. On
the basis of the thermal design it is necessary to change the mechanical properties of materials. In
order to perform a thermal design, it is necessary to solve the problem of thermal conductivity.

It is possible to solve this equation by the finite element method or by the finite difference
method. When using the first method, the structure must be modeled by special finite elements with
one degree of freedom - temperature, which is a scalar value.

After determining the temperature fields all over the structure, in the considered
mathematical model it is necessary to lower the stiffness characteristics of the materials and to
make strength calculation. With this approach, to determine the total deformations of the structure it
is necessary to take into account the creep deformation.

1. €vrokod 2. Proyektuvannya zalizobetonnikh konstruktsiy. Chastina 1-2. Zagalni polozhennya. Rozrakhunok
konstruktsiy na vognestiykist: DSTU-N EN 1992-1-2:2012 [Design of reinforced concrete structures. Part 1-2.
General. Fire resistance calculation of structures] (EN 1992-1-2:2004, IDT).

2. EN 1992-1-2 (20014): Eurocode 2: Design of concrete structures — Part 1-2: General rules — Structural fire design
[Authority: the European Union Per regulation 305/2011, directive 98/34/EC, Directive 2044/18/EC].
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CrepikHeBi aHAJIOTH JUIs1 MO/IeJIIOBAHHS Oy/AiBeIbHUX KOHCTPYKIIi

Mapuna Pomawkina’, xano. mexu. nayx,
Anopiiit Tomawescvkuir®, acnipanm,

TOB «JIIPA CAITP», m. Kuis
’Hayionaneuuii agiayitinuii ynisepcumem, m. Kuie

Ilpn MonenroBaHHI  OyHNiBEeNBHMX  KOHCTPYKWIM METOJOM  CKIHYEHHHX  CJICMCHTIB
BHUKOPHCTOBYIOTHCSI CKIHUEHHI €IeMEHTH Pi3HOT PO3MIPHOCTI: CTEp)KHEBI, MJIACTHHYACTI 1 00'€MHI.
Bubip TOro um iHIIOro TUITy CKIHYEHHOTO €JIEMEHTA, IO-IEpIIe, POOUTHCS 3 METOI0 3a0e3IeUCHHS
JIOCTaTHBOKO MIpOIO BiJIIOBIHOCTI MK MaTEMAaTUYHOIO MOJEJUIIO 1 JIHCHOI pOOOTOI0 KOHCTPYKIIi
sIKa MOJEIIOEThCA B 3ajaHuXx ymoBax [1]. Ilo-mpyre, BuGip poOUTBCS Ha KOPHCTH CKIHYEHHHUX
CJIEMEHTIB, HMOTPIOHNUX JUI1 MOJCIIIOBAHHS KOPEKTHOTO BYy3Jla NPUMHKAHHS JI0 IHIIHMX EJIEMEHTIB,
3pY4YHUX U1 300py HaBaHTaKEHHs 1 aHanmizy pesynbraTiB. CydacHi IHTErpoBaHi NHpOrpamMmHi
KoMIUIekcH OyniBensHOro mpusHaueHHs, Taki sk [IK JIIPA-CAIIP, Takoxk BHKOPHCTOBYIOTh
pO3paxoBaHi BHYTpIlIHI 3yCH/UI B CKIHUEHHMX EJIEMEHTaX Ui BUKOHAHHS IHIUMX MPUKIATHUX
PO3paxyHKiB: PO3paxyHKIB Ha MILHICTb, CTIHKICTh 1 KOHCTPYIOBAHHS 3a71i300€TOHHUX, CTAICBUX 1
apMOKaM'ssHHX KOHCTPYKIiH. Llelf dakT Takok ormocepeakoBaHO BIUIMBAE Ha BHOIp HEOOXiTHHX
THIIB CKIHUEHHHUX EJIEMEHTIB.

IcHytoTh OyniBenbHI KOHCTPYKIIi, IO MOJCIIOIOTHCS B CWIIy 3a3HAYCHHX BHIIE NPUYMH
HabOpOM CKIHYEHHUX EJIEMEHTIB Pi3HOI PO3MIPHOCTI, OJIHAK 32 XapaKTepOM CBOEI poOOTH MO/iOHI
cTepkHAM. [0 TaKUX KOHCTPYKLIH BITHOCATHCS, HANPUKIAJ, MiTOHH, IEPEMUUKH, OANKU-CTIHKH 1
T. 1. [TomepeyHi mepepisu B HUX KOHCTPYKLISAX OyZyTh MPEICTaBICHI B PO3PAXYHKOBHX MOJCIIIX
CYKYTHICTIO CKIHYEHHHX €JIeMEHTIB i By3iiB. /sl JeTanbHOro aHalizy IMX KOHCTPYKIIH KOPUCHO
(a mia mpUKIATHUX PO3PaxXyHKIB - HEOOXiIHO) BH3HAYHUTU BHYTPINIHI 3yCHILIL B X CKIaJOBHX
MOTIEPEYHHX Tepepi3zax aHAIOTIYHO 3yCHJUIAM B HoOmepedHux nepepizax crepxkHiB. Y 1K JIIPA-
CAIIP Taky 3agady Bupinrye cuctema "CTepxKHeBi aHamorn".

CTep)KHEBHUI aHAJIOT - IIe IPyIla CKIHYCHHHUX EJIEMEHTIB 1 1X By3iB, JIOTIYHO ITOB'S3aHHX 32
[IEBHUM IPABUJIOM, 1[0 BU3HA4Ya€ 0COOIMBUII alrOpUTM PO3paxyHKY BHYTPILIHIX 3yCHIIb B OZHOMY
CTepP)KHEBOMY CKIHYEHHOMY enieMeHTi. Llel cTepikHeBuil CKiHYCHHMI elleMeHT OyJeMO Ha3UBaTH
LIILOBUM CTEP)KHEM. BHYTpIIIHI 3yCHJUII B PO3paxyHKOBHX IIepepi3ax LITBOBOTO CTEPIKHS
PO3paxoByIOThCSl HE Ha OCHOBI INEpeMillleHb HOro By3JiB, a IUIIXOM IiJJICyMOBYBAaHHS BY3JIOBUX
peakuiii Bix HaOopiB 0OpaHUX CKiHUCHHUX eneMeHTiB. [lependavaerhes, M0 KOXKEH Takuil HaOip
CKIHYCHHUX €JIEMEHTIB (OpMye COOOI CKIAJCHUN TMOINEPEeYHUH mepepi3 KOHCTPYKIIi, sKa
aHAII3YeThCA. A BY3IIH, PEaKlil B AKUX MiACYMOBYIOThCS, J€XKaTh B IUIONIMHI I[bOr0 Hepepisy. Taxi
BY3JIH i eleMEeHTH OyeMO Ha3HUBaTH BUXITHUMH 00'€KTaMH CTCP>KHEBOT'O aHaJIora.

3acrocyBannsi B CE-Mozensix CTep)KHEBHX aHAJOriB B psi/ii BUNAIKIB MOXKE BHSBUTUCS
HaWOLNBII NPUHHATHUM IIAXOJOM IIPM aBTOMAaTH30BAHOMY KOHCTPYIOBAHHI €JIEMEHTIB, poOoTa
SAKUX Onu3bka 10 poOOTU cTepxkHiB. Tak, MpU KOHCTPYIOBAHHI NEPEMUUYKH apMaTypy HajleKUTh
PO3MilyBaTH y BEpXHill 1 HIKHIN TPaHAX €IEMEHTA, IPU KOHCTPYIOBAHHI KOJIOHH - IEPEBAXKHO IO
KyTax 11 monepeyHoro nepepisy. HopmaTuBHI BUMOTH OPi€HTYIOTh iH)KCHEPIB MiONpaTH apMatypy
Ha OCHOBI IHTErpOBaHUX 3yCWJIb B MONEpevHux nepepizax enementis. Ha ocuosi H/IC nepemuuku
a00 KOJOHHM, OTPUMAHOIO 3a MOJEIUII0 3 IUIOCKMX CKIHYCHHHX CJIEMEHTIB, Mifdip apMmarypH €
JocuTh npodsiemMatnyHuM. CTEepiKHEBI aHAJIOrH, TaKOXK, OMOCEPEIKOBAHO BUPINIYIOTH 1 IpodiiemMy
BpaxXyBaHHS KOHIICHTPAL[il HAIPYKEHb B MICIIAX OIOP Ta HIINUX TOYOK CHHTYJIIPHOCTI.

1. MeTton KOHEYHBIX JIEMEHTOB: TEOpHs U duclIeHHas peanusauus / Iopoxerxuit A. C., EBsepos W. [1., Crpenern-
Crpenenxuii E. B. u ip. — K. : ®akr, 1997. — 138 c. — (ITporpammusiii komiuieke JIUPA-Windows).
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Bar analogues for simulation of building structures

Maryna Romashkina®, PhD,
Andrii Tomashevskyi’, postgraduate student,

'«LIRA SAPR» Ltd, Kyiv
’National Aviation University, Kyiv

When building structures are simulated by the FEM, different finite elements may be applied:
bars, plates and solids. Certain type of finite element is defined by the user in order to ensure
sufficient correspondence between the mathematical model and the actual behaviour of the
simulated structure in the specified conditions [1].

The user defines finite elements that will be appropriate to simulate correct joints with other
elements, to collect loads and evaluate analysis results. Advanced integrated software packages for
analysis of building structures, such as LIRA-SAPR software, also use internal forces (in finite
elements) obtained in FEA in order to carry out other types of analyses: strength analysis, stability
analysis and analysis of reinforced concrete, steel and masonry reinforcing structures.

There are building structures that for the abovementioned reasons are simulated with a set of
different finite elements but by behaviour they are similar to bars. Such structures include for
example, pylons, lintels, wall-beams, etc. The cross-sections of these structures will be represented
in the design models by a set of finite elements and nodes.

For a detailed evaluation of such structures, it is useful (and for applied calculations it is
necessary) to determine the internal forces in their composite cross-sections in the same way as the
forces in the cross-sections of bars. The ‘Bar analogues’ system is introduced in LIRA-SAPR
program for such purpose.

Bar analogue is a group of finite elements and their nodes that are logically connected
according to a certain rule. The rule stipulates a special algorithm for calculating internal forces in
one bar finite element.

This bar FE will be referred to as the target bar. Internal forces in design sections of the target
bar are calculated by summing up the nodal reactions from the sets of defined finite elements rather
than based on the displacements of nodes of the bar.

It is assumed that each such set of finite elements represents a composite cross-section of the
structure and the nodes where reactions are summed up belong to the plane of this section. Such
nodes and elements will be called the initial objects of the bar analogue.

In some cases the most acceptable approach is to use the bar analogues in FE models for the
computer-aided design of elements if behaviour of the elements is similar to bars. For example, for
design of a lintel, reinforcement should be arranged at the upper and lower edges of the element, for
design of a column - preferably at the corners of its cross-section.

Regulatory documents require that engineers should select reinforcement based on integrated
forces in the cross-sections of elements. It is problematic in many aspects to analyse reinforcement
on the basis of the stress-strain state of a lintel or a column obtained by a model from plane finite
elements. Bar analogues are also helpful to consider the stress concentration at the support points
and triangulation points.

1. Finite Element Method: theory and numerical implementation / A.S.Gorodetsky, 1.D.Yevzerov, E.B.Strelets-
Streletsky, etc. — K. : Fakt, 1997. — 138 p. — (LIRA-Windows software).
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Itepaniiini ckinuenni exementn B I1IK "JIIPA-CAIIP"

Anamonin ITikyne, Kk.m.H., iHdcenep, ooyenm KageOpu Memanesux ma 0epes sHux
KOHCMpYKYill,
TOB «JIIPA CAIIP»
Kuiscokuil nayionanwnutl ynisepcumem oyoisnuymea i apximexmypu (m. Kuig)

E(exkTHBHICT BHKOPHCTaHHSA MaTepiajiB KOHCTPYKLii B CcydacHOMYy OyAiBHUIITBI
HEPO3PHUBHO IOB’s3aHa 3 TOYHICTIO PO3PAXYHKY TAaKMX KOHCTPYKLIH 32 JOIOMOT'OI0 IPOrPaMHOro
3a0e3mneueHHs. JliHiIHA CKiHYEHHO-EJIEMEHTHA MOJENb HE 3aBXKAM Ja€ MOXIIUBICTH NPaBHIBHO
NpoaHaNi3yBaTH  HampyXeHO-1eGOpPMOBAaHMH  CTaH  KOHCTPyKHil. B  Takux  Bumajkax
BUKOPHCTOBYIOTh HeNiHiHI MeTtonu, 30kpema, I[IK «JIIPA-CAIIP» no3Boisie MoJenroBaTH
KOHCTPYKILiI 3 ypaxyBaHHAM T€OMETPHYHOI, KOHCTPYKTHBHOI, TeHeTHYHOI Ta (isnuHol
HenmiHidHOCcTel. [l po3B’si3aHHS TakMX 3aJa4 BHUKOPHCTOBYIOTH ITEpalliifHi Ta KPOKOBI METOIH.
KpoxoBi Mmeroxu 0a3yroThcss Ha IIOKPOKOBOMY MPHKIANAaHHI HABAHTAKCHHA 1 pO3B’I3aHHS
KBa3iCTATHYHMX 3a/1a4 Ha KOXKHOMY KpOIli (reOMeTpHUYHO, (Di3HYHO Ta TEHETHYHO HEJiHIHHI 3a1a4i),
itepauiiini metonu IIK «JIIPA-CAIIP» BkirouaroTh 10 cebe METOJA CiYHHX («IHXKEHEepHa»
HEJHIMHICTS) Ta METOX KOMIICHCYIOUMX HaBaHTaXXeHb (KOHCTPYKTHBHO Ta (Di3MYHO HETiHiHHI
3ajadi).

MeToro ToCTiIKEHb € MOPIBHAHHA ¢()eKTUBHOCTI PO3B’A3aHHS 33/1a4 3 ypaxXyBaHHAM (Di3HYHO
HENIHIHUX XapaKTepHCTHK MaTepialliB 3a JONOMOTOI0 METOJy IOCTiZOBHUX HAaBaHTAKEHb Ta
METOJly KOMIICHCYIOUMX HaBaHTaeHb. bibmioreky ckiHuenHux enementiB [1IK «JIIPA-CAIIP
2021» DOTOBHEHO HOBHMH CKiHUCHHHMH CJICMCHTAMH (CTCpKHEBI, IUIACTHHYATI Ta IIPOCTOPOBI),
IO peasi3yloTh TEOpilo MPY’KHOCTI Ta IUIACTHYHOCTI Il PO3PaxyHKY METOAOM KOMIICHCYIOUHMX
HAaBaHTaXXCHb 337a4 CTATHYHOTO Ta JUHAMIUYHOro aepopmyBaHHA. OOuaBa METOOH MAlOTh PSJ
mepeBar Ta HeJONiKiB. J0 OCHOBHOI IlepeBarn MeTOAy IIOCIIJOBHHX HaBaHTaXK€Hb € Te, IO
PO3B’SI30K ICHY€ 3aBXJHM 1 HaBITh SIKIIO MOJEIb PYWHYETHCS y HpOLECi PO3paxyHKy, TO MOXKHA
BIZICTe)XKUTH IIOYAaTOK TAKUX IPOIECIB, ajic IPH HABAHTAXKEHHSAX, IO Pi3KO 3MIHIOIOTH HAINPSMOK
MaloTh e()eKT 3ami3HEeHHs ()KOPCTKICTh eIeMEeHTa sl HaCTYITHOIO KPOKY BH3HAYAETBCS Bill 3yCHIIb
MIOTOYHOTO KpOKY). [Ipu iTepaniifHoMy MeTO, SKIIO MOJEIb KOHCTPYKII] BTpaTHiIa TPUMKICTb, TO
pO3B’A30K He cXOauThCcA. CyTTEBUMH 3K IlepeBaraMH METOLy KOMIIGHCYIOUMX HaBaHTaXKE€Hb Ha
OCHOBI HOBHX iTepallifHNX CKIHYEHHUX eJIEMEHTIB € HACTYIIHI:

- He CIIpUHMAIOTh Ha ce0e OUIBII 3yCHILIA, HiK MOXKYTh TPHMATH;

- Jal0Th MOJKIMBICTH BpaxyBaTH pPO3BAHTaXEHHs Marepially 3 IOYaTKOBUM MOJYJIeM

MIPYXKHOCTI;

- TIpu pylHyBaHHI He QiKCYIOThCS HAKOIIMYCHI 3yCHILIS,;

- IIpU PO3B’SI3KY 3a/1a4 JUHAMIKH B IPSIMOMY 4aci BiACYTHIN eeKxT 3ani3HeHHs;

- OIHO3HAYHICTh HANpPYKCHO-Ie()OPMOBAHOTO CTaHy (B 3aTi300€TOHHHX Iepepizax 3i

CKJIAJHUM pO3TAIIYBAaHHSIM apMaTypHHX CTPI)KHIB OAHOMY Habopy 3yCHIb MOXe

BIJMOBIATH JeKibka HA0OpiB nedopmaniil, BXIAHUMH M[apamMeTpamMu Uil KPOKOBHX

€JIEMEHTIB € 3yCHIUIS, VISl iTepaliiHux - nedopmariii).

B mnponeci nocnimpkeHHs pPO3B’SA3aHO PsJi TECTOBUX 3aJad 3 BHKOPUCTAHHSAM Jiarpam
nedopmyBaHHs OeToHY Ta crayi. Y pes3ysibTaTi JOCHIDKEHHS MiITBEP/DKCHO e(eKTHBHICTh
3aCTOCYBaHHS iTepalliffHUX CKIHYEHHHMX €JIEMEeHTIB JUISl MOJETIOBAHHS CTATHYHHMX Ta JMHAMIYHHX
3aj1a4 3 ypaxyBaHHAM (pi3UUHO HENiHIMHNX BIACTUBOCTEH MaTepiay.

1. Topoznenxuii A.C., Es3epos U./]. Komnbrorepusie monenu konerpykuuit. K.: ®@akr,- 2007. ¢. 392.

2. bimuk A.C. Po3paxyHOK cTasieBuX 0ajioK 3 ypaxyBaHHSIM PO3BHTKY IMiJIBUIIEHHUX ITaCTUYHUX nedopmariii / A. C.
bimnk // ByniBenbHi KOHCTpYKWil: Teopis i mpakruka. — 2018. — Bum. 2. — C. 26-33. - Pexum pocrymy:
http://betp.knuba.edu.ua/article/view/193281

3. Knosannu C.®., Mamuuixo JI., Makcumenko B.I1. Teopist miacTH4HOCTI B OyAiBEIbHOMY IIPOSKTYBaHHI. —
Opeca: OHMY, 2017. - 154 c.

4. Mansour, M., Lee, J.-Y., & Hsu, T. T. C. (2001). Cyclic Stress-Strain Curves of Concrete and Steel Bars in
Membrane Elements. Journal of Structural Engineering, 127(12), 1402—1411. https://doi.org/10.1061/(ASCE)0733-
9445(2001)127:12(1402)
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Iterative finite elements in the PC "LIRA-SAPR"

A. Pikul, Ph.D., engineer, Associate Professor of the Department of Metal and Wood
Structures,
“LIRA SAPR” Ltd.

Kyiv National University of Construction and Architecture

The efficiency of the use of construction materials in modern construction is inextricably
linked with the accuracy of the calculation of such structures using software. The linear finite-
element model does not always make it possible to correctly analyze the stress-strain state of the
structure. In such cases, nonlinear methods are used, in particular, PC "LIRA-SAPR" allows
modelling structures taking into account geometric, structural, genetic and physical nonlinearity.
Iterative and stepwise methods are used to solve such problems.

Stepwise methods are based on step-by-step loading and solving quasi-static problems at
each step (geometrically, physically and genetically nonlinear problems), iterative methods of PC
"LIRA-SAPR" include the method of Secant Modules ("engineering" nonlinearity) and the method
of compensating loads (structurally and physically nonlinear problems).

Problems with physically nonlinear characteristics of materials were considered. The
purpose of the research is to compare the efficiency of solving such problems using the method of
sequential loads and the method of compensating loads. The library of finite elements of PC
"LIRA-SAPR 2021" is supplemented with new finite elements (rod, plate and space), that
implement the theory of elasticity and plasticity for calculation by the method of compensating
loads of problems of static and dynamic deformation.

Both methods have several advantages and disadvantages. The main advantage of the
method of sequential loads is that the solution always exists and even if the model collapses in the
calculation process, you can track the beginning of such processes, but at loads that dramatically
change direction have a delay effect (the stiffness of the element for the next step is determined
from the internal efforts of the current step).

In the iterative method, if the design model has lost its strength, the solution does not
converge. Significant advantages of the method of compensating loads based on new iterative finite
elements are the following:

- do not absorb more effort than they can hold;

- make it possible to take into account the unloading of the material with the initial module
of elasticity;

- at destruction the accumulated efforts are not fixed;

- when solving problems of dynamics in direct time there is no effect of delay;

- unambiguity of the stress-strain state (in reinforced concrete cross-sections with a complex
arrangement of reinforcing bars, one set of internal efforts can correspond to several sets of
deformations, the input parameters for step elements are forces, for iterative - deformations).

During the research, several test problems were solved using stress-strain diagrams of
concrete and steel. The study confirmed the effectiveness of iterative finite elements for modeling
static and dynamic problems taking into account the physically nonlinear properties of the material.

1. Gorodetskii A.S., Evzerov I.D. Komp’uternye modeli konstruktsii. K.: Fakt,- 2007. s. 392.

2. Bilyk A.S. Rozrahunok stalevyh balok z urahuvanniam rozvytku pidvyshchenyh plastychnyh deformatsii / A. S.
Bilyk // Budivelni konstruktsii: teoriia i praktyka. — 2018. — Vyp. 2. — s. 26-33. — Regym dostupu:
http://betp.knuba.edu.ua/article/view/193281

3. Klovanych S.F., Malyshko L., Maksymenko V.P. Teoriia plastichnosti v budivelnomu proektuvanni. — Odesa:
ONMU, 2017. - 154 p.

4. Mansour, M., Lee, J.-Y., & Hsu, T. T. C. (2001). Cyclic Stress-Strain Curves of Concrete and Steel Bars in
Membrane Elements. Journal of Structural Engineering, 127(12), 1402—1411. https://doi.org/10.1061/(ASCE)0733-
9445(2001)127:12(1402)
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3asane apMyBaHHs, MOKIMBOCTI peanizanii Ta Bukopucranus B IIK JIIPA-CAIIP
Bikmop Tumok, npogionuil indicenep

TOB «JIIPA CAIIP» (m. Kuig)

B IIK «JIIPA-CAIIP» peani3zoBaHO mimdip apMaTypu Ul CTEPKHEBUX Ta IUIACTUHYATHX
eneMenTiB 3rigao HopM JIBH B.2.6-98:2009 «beronHi Ta 3amizoberonHi koHcTpykuii» ta JICTY b
B.2.6-156:2010 «betonni Ta 3ami300€TOHHI KOHCTPYKLIl 3 Baxxkoro OetoHy». Kpim mninbopy
apMatypH IiCHye HarajbHa motpeda y mepeBipii 3ami300eTOHHUX Mepepi3iB CTEPKHEBUX Ta
IUIACTMHYATHX €JIEMEHTIB 3 ypaxyBaHHAM 3aJJaHOT0 apMyBaHH:.

Jns peanizanii nepeBipku 3a1i300€TOHHUX €IEMEHTIB 3 ypaxyBaHHAM 3alaHOTO apMYBaHHS
PpO3po0JIeHI Ta BHKOPHCTOBYIOTBCS CIICLialbHI IHCTPyMEHTH HPOTrpaMH, 3a JOIOMOIOI0 SKHX €
MOXIIMBICTh 3aJaBaTH TII03/I0BXKHE Ta IONEpeYHe apMyBaHHsS IMepepi3iB Ta MNpuU3HAyaTH Le
apMyBaHHS Ha €JIEMCHTH cXeMH. Ha KoxeH elIeMeHT Moxke OyTH 3alaHO SIK OJMH THI 3aJaHOTO
apmyBanHs (T3A), Tak i komOiHawis 3 gekiibkox T3A. T3A MoxyTh OyTH 3aJaHi Ha TUIACTHHYATI
€JIEMEHTH 110 HIJKHBOMY Ta BEPXHbOMY LIapax B3IOBXK MicieBux oceit X ta Y.

JInst CTep)KHEBHX €JIEMEHTIB IPSMOKYTHOTO mepepisy T3A MokHa 3agaBaTH pPi3HHMH
crnocobamu: MpOCTUH (TUIBKK MO3J0BXKHS apMmarypa), KOMOIHOBaHMH (TO3/I0BXKHS 1 TONepevHa
apMmarypa), IornepevHa apMarypa, TOYHHH Ta CKiIaJeHui (MOXKe CKIaaaTucs 3 Oy/ib-IKOro Habopy
MpocTuX 1 KoMOiHOBaHMX). KpiM NpsIMOKYTHOTO mepepisy, Ul CTEP)KHEBUX EJIEMEHTIB MOXYTh
OyTtu 3anani T3A KinpeBoro (Kpyrioro) nepepisy Ta CKIaaeHOro (TaBpoOBOro, ABOTaBPOBOro). s
TaBpOBOIO Ta JBOTaBPOBOro IepepiziB T3A 3agaloTbCst OKpeMO I MPSIMOKYTHHX (OpM, LIO0
CKJIAZIAl0Th Tepepi3 CTEp)KHS — y CIUCKY IONEPEAHbO BUOUPAETHCS MOJOKEHHS IPYIH CTEpP)KHIB
(cTiHKa, MONMYKA, BEPXHS ITOJIWYKA, HIDKHS monuuka). T3A 1 CTIHOK Ta IOJIMYOK 33aJa€ThCS TaK
camo, SK JUIs CTEPIKHS MPAMOKyTHOro nepepisy. T3A 1 KiJIbLIEBOr0O, TABPOBOI'O Ta JIBOTABPOBOIO
mepepiziB SK 1 U NPAMOKYTHOTO Iepepily MOXHA 3aJaBaTH DI3HUMH CIOCOOaMH: HPOCTHH,
KOMOIHOBaHHIA, TIONIEpeYHa apMaTypa, TOYHHH Ta CKIIaICHHI.

T3A MoxyTh OyTH cdopMOBaHI Ha OCHOBI IOTOYHOI IIKaIM pe3yJbTaTiB MiI00pY
apMyBaHHS. LI MOXIHBICTB CTa€ HOCTYIHOIO B PEXUMI HEPErisAny pe3ylbTaTiB KOHCTPYIOBaHHS
IUISL 3a)1i300€TOHHUX KOHCTPYKIIH 1 y TOMY BHIIAJKy, KOJH JUI PO3PAaXyHKOBOI CXeMH BHOpaHMIt
PeXUM Heperisamy onHiel 3 Mo3aik apMyBaHHs B CTEPKHSAX a00 MJIACTHHAX.

B pesynbrati nepeBipky CTEpKHEBHX 3a1i300€TOHHHUX €IEMEHTIB 3 ypaxyBaHHAM 3aJaHOTO
apMyBaHHS OOYHUCITIOIOTHCSI HACTYTIHI KOe(illi€HTH 3aracy apMyBaHHs:

- 3amigicTio [1] Ta [2];

- HAa Ji10 KpyTHOTro MoMeHTy [1] Ta [2];

- Ha aito nepepizytounx cui [1] ta [2];

- Ha po3kpuTTs TpiwH [1] Ta [2];

- mnoBHa nepegipka [1] Ta [2].

B pesynprari mepeBipkum ITACTUHYATHX 3ali300€TOHHHX EIEMEHTIB 3 ypaxyBaHHIM
3a1aHOT0 apMyBaHHS 00YNCITIOIOTECS HACTYIHI Koe(illieHTH 3anacy apMyBaHHS:

- 3awinnictio [1] Ta [2];

- Ha po3kputTTs TpiwH [1] Ta [2];

- mnoBHa nepegipka [1] Ta [2].

PesynpraTn pospaxyHKy HOCTymHI B rpadiuHoMy i TaOIMYHOMY BHJII, Ta OKpPEMO B
JIOKaJIbHOMY PEXHMi apMyBaHHA. Pearisalist mepeBipkH 3a1i300€TOHHUX IIE€pepisiB 3 ypaxyBaHHIM
3aJ]aHOr0 apMyBaHHsl posiuproe MoxinBocTi Bukopuctanus [1IK «JIIPA-CAIIP» He Tiibku mist
HOBOro, a ¥ i icHylo4oro OyniBHMITBA. Termep € MOXJIMBICTh HE TUIBKM BHKOHATH
KOHCTPYIOBaHHs Ul HOBOTO OYJIBHMIITBA, a M BHKOHATH IEPEBIPKY, Ta Yy pasi HEOOXIAHOCTI
IIiICUJICHHS, ICHYIOUHX KOHCTPYKIIiH 3a/11300eTOHHUX OyIiBelb Ta CHOPY/.

1. IBH B.2.6-98:2009 «beronHi Ta 3a1i300eTOHHI KOHCTPYKILii. OCHOBHI MOJIOKEHHS».
2. ACTY b B.2.6-156:2010 «beTonHi Ta 3a71i300€TOHHI KOHCTPYKIIT 3 Baskkoro 6erony. [IpaBuna npoekTyBaHHS».
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Options to implement and use the pilot reinforcement (PR) in LIRA-SAPR
Viktor Tytok, lead engineer in Technical Support Team,
LIRA SAPR (Kyiv)

LIRA-SAPR program supports analysis of reinforcement for bars and plate elements
according to DBN B.2.6-98: 2009 ‘Concrete and reinforced concrete structures’ and DSTU B
V.2.6-156: 2010 ‘Concrete and reinforced concrete structures made of heavyweight concrete’. In
addition to analysis of reinforcement, there is a critical need to check the RC sections of bar and
plate elements with account of pilot reinforcement.

The special tools are introduced in the program to check the RC elements with account of
pilot reinforcement. These tools enable the user to define longitudinal and transverse reinforcement
for the sections and assign this PR type to the elements of the model. For every element it is
possible to define either one type of pilot reinforcement (PR type) or a combination of several types
of PR.

PR types may be applied to the plate elements at the lower and upper edges along the local
axes X and Y.

For bars of rectangular cross-section, PR types may be defined in different ways: simple
(longitudinal reinforcement only), combined (longitudinal and transverse reinforcement), transverse
reinforcement, exact and compound (may consist of any set of simple and combined ones). In
addition to the rectangular cross-section, for bars it is possible to define PR types with the circular
(round) cross-section and built-up (T-shaped, I-shaped). For T-shaped and I-shaped sections, the PR
types are defined separately for the rectangular shapes included in the cross-section of the bar -
location for the group of bars (web, flange, top flange, bottom flange) is defined in the list. PR types
for webs and flanges are set in the same way as for the bar in rectangular cross-section. PR types for
circular, T-shaped and I-shaped sections as well as for rectangular sections may be defined in
different ways: simple, combined, transverse reinforcement, exact and compound.

PR types may be generated on the basis of the current colour palette for reinforcement. This
option is available in the mode of analysis results for the RC structures and in case any mosaic plot
of reinforcement in the bars or plates is defined to be displayed on design model.

After analysis of RC bars with account of pilot reinforcement, the following reserve factors
for reinforcement are computed:

- for strength [1] and [2];

- for torsion [1] and [2];

- for shear force [1] and [2];

- for crack propagation [1] and [2];

- complete check [1] and [2].

After analysis of RC plates with account of pilot reinforcement, the following reserve
factors for reinforcement are computed:

- for strength [1] and [2];

- for crack propagation [1] and [2];

- complete check [1] and [2].

Analysis results are available in graphical and tabular form, and in the local mode of
reinforcement as well.

Analysis of RC sections with account of pilot reinforcement makes it possible to use LIRA-
SAPR program not only for new but also for existing structures. Now the user could carry out
analysis & design for the new structure but also to check and, if necessary, to strengthen the
reinforcement of existing structures of RC buildings.

1. DBN V.2.6-98:2009 ‘Betonni ta zalizobetonni konstrukcii. Osnovni polozhennya’.
2. DSTU B V.2.6-156:2010 ‘Betonni ta zalizobetonni konstrukeii z vazhkogo betony. Pravyla proektuvannya’.
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MopemoBanns naneasnux oynisenas B [IK CAIIDIP

Onexcandp Jlazapes, npogionuii indcernep mexniuHoi Niompumxu,
Onexcanopa Apmamonoea, indcenep mexHiuHoi NiOMpuUMKU,

TOB «JIIPA CAIIP

B nmanmii wac crmocTepiraeTbCsi aKTHBHE BiIPOMXKEHHS BEIMKOIAHENbHOro OyniBHHITBA. B
repiry 4epry I TOB'SI3aHO 3 CKOHOMIYHHMH [pHYMHAMH. TpH KHTH, Ha SIKUX CTOITh
BEJIMKOIIAHENIbHE )KUTIOBE OYAiBHULITBO, - LI€ HIBUAKICTb, HAJIMHICTD, HY, 1 3BUYAIHO, JOCTYIHICTb.
Tobro miABUICHMI TMONUT Ha TaHeJbHI OyHiBNI MOB'I3aHMIl Hacammepen 3 MOTpedo B
HEZOPOTOMY KHUTIII, III0 3BOJIUTHCSI B HAWKOPOTILI TEPMIHH 1 3 30€PEIKEHHSIM BUCOKOT SIKOCTI POOIT.

3 TOYKM 30py MOJEIIOBaHHS OyaAiBeJbHMX KOHCTPYKLIM Juisi pO3paxyHKY, OCHOBHA
BiZIMiHHICTb 30ipHHX OYAMHKIB BiJ MOHOJITHHUX IOJIATa€ B HAsBHOCTI B HUX OCOOJIMBOI CYTHOCTI -
CTUKY 30IpHMX €IIEMEHTIB 1 HeOOXiTHOCTI WOro NPaBWIIBHOTO aHAJITUYHOTO YSBICHHS B
PO3paxyHKOBI# cxemi.

Cruk maneneir B IIK CAII®IP - ocobmuBuii 00'ekt. BiH icHye TUIbKH Ha TMEpETHHI
KOHCTPYKTUBHUX €JIEMEHTIB Mojei OyaiBii (CTiH, HEPEeKPHUTTIB) i XapakTepu3ye OCOOIMBOCTI X
3’enHanHs. [Ipu CTBOpEHHI CTHKIB B MOJENi, B 3aJ€KHOCTI BiJl TOJIOKEHHS EJICMEHTIB, IO
3'€IHYIOThCS 1 X KUIBKOCTI, BU3HAYA€THCS THIT CTUKY: BEPTUKAJIbHUN a00 TOPU3OHTAIILHUIA, CTiHA-
cTiHa, a00 CTiHA-TUINTA-CTiHA 1 T.11.

V' po3paxyHKOBiii CXeMi BepTHKaJbHI CTHKH IPEACTAaBICHI TaKUM YHHOM. Y MOTPIOHUX
MICIIX 3 BH3HAYEHUM KPOKOM pO3TAIOBYIOTHCS 3'€THYBaJIbHI €eMEHTH 3aJaHOi MKOPCTKOCTI.
3'eiHYBaIbHI €IIEMEHTH MOJICITIOIOTHCS IBOBY310BHMH enemenTamu KES5 a6o 255.

JInsi TOpU30HTANBHUX CTHKIB (DOPMYIOTBCS CIHELialbHI KIHIEBI €IEMEHTH IUIaTGOPMHOTIO
CTHKY, 5Kl B IIOBHIH Mipi BinoOpaxaroTs Horo poboTy B peaabHOCTI (U BepTUKIBHUX (10 Z1) Ta
3cyBHHX (10 X1) 3ycunp Ta nedopmaniil eneMeHT mHpaioe sk Oajka-CTiHKa, ajle KpiM IbOro 3
IUIOLMHY €JIEMEHTY J0JIA€ThCs 3CYBHA JKOPCTKICTh muaTdopmuoro ctuky). XKoperkicts takux KE
CTHKY B 3aTaJIbHOMY BHIIAJKy ONHCYEThCS TPbOXIiHIIHOIO AiarpaMoro ¢ — ¢. [lapamerpu miarpamu
(mapu oi Ta €i) BU3HAYAIOTHCS B 3AJIC)KHOCTI BiJ KOe(DIlIEHTY MiJJIaTIIMBOCTI Ai HA BIAMOBIIHIN
vacTuHi giarpamu, Bucotd KE cTHKy 1 HanpyKeHs Gi, TP SKUX BiAOyBa€ThCsA 3MiHA MiANATIAUBOCTI.

Jlns kinneBux enemeHTiB miatdopmuoro cruky (KE 58/59 Tta 258/259) BHKOHYy€EThCs
ABTOMATHYHE OOYMCICHHS )KOPCTKOCTI. PO3paxyHOK BENETHCS Ul BHIAAKY KOPOTKOYACHOI il
HaBaHTaXKeHHS 3a (popmysami [1]. [Ipu po3paxyHKy HaHeIbHHX OyIMHKIB B TOMY YHCII HEOOXiTHO
MEePEBIPUTH MILHICTh TOPH30HTAIBHOTO CTHKY MPU CTUCHEHHi. PO3paXyHOK Hecydoi 31aTHOCTI
CcTUKY TakoX BUKOHYeTbCa B CAIIDIP 3rimxo [1]. 3Ha4eHHS NMOrOHHOI MIIHOCTI CTHKY IIpH
KOpOTKOYACHiM 1 TpuBamiii nii HaBaHTaxeHHi mnepenaetbcsi B BISOP-CAIIP y BigmoBimHi
JKOPCTKOCTI.

Crux B moneni CAII®DIP cTBoproeThest Ha OCHOBI 0i0yioTekH CTHKIB. Y OiOmioTeri CTHUKIB
CHOYATKy € KUIbKa HAlAIITOBAHMX CTHKIB, 1HIII MOXXHA JOJATH 3a JOIMOMOrOI0 0a30BUX CXeM i
3amaTu iM HeoOXigHi mapameTpu. € IHCTPYMEHTH, IO JO3BOJIIOTH BHKOHATH aBTOMATH30BaHE
PO3MIICHHS CTUKIB B NPOCKTOBAHMI OyIMHOK. SIKIIO HEOOXiZHO BHECTH 3MIHH y BIACTHUBOCTI
CTHKIB, JIOCTATHHO BHECTH 3MIHM B OJIMH CTHK 1 MOTIM 3aCTOCYBATH iX JJISI IHIIMX CTHKIB Takol x
Mapku abo THmy 3a Jomomororo komanmu «llommpurm». Bero indopManito mo cTmkax MokHa
1Mo0aYUTH Yy 3BEJICHIN BIZOMOCTI CTHKIB. [CHY€ TaKkoX JiarHOCTHUKA CTHKIB, SIKa JJO3BOJISIE BUSIBUTH B
MIaHEIBHOMY OyIMHKY MaHEI, SKi He MOB'SI3aH] CTUKAMH.

B pesyunbrati po3paxyHKy MOKHA OTPUMATH HANpPY>KEHO-1e(OPMOBAHHI CTaH CXEMH, 1301101
1 MO3aiKu HaNpPy>KEeHb B CTHKAaX 1 3yCHIb B OKPEMHX 3B'SI3KaX, JIe BAKOPUCTOBYIOTCS 3’ €IHYBaJIbHI
eneMeHTH. MoJeoBaHHS pPOOOTH BEIMKOIIAHEIBFHOIO OYAMHKY 3aBXKIM OyJIO JIy)Ke TPYIOMICTKE,
arne iHCTpyMeHTH cuctemu «llaHenbHi Oy[iBNi» HACTUIBKHM 3pY4Hi, IO MOXHA MpOAHA3yBaTH
OIMH BapiaHT, BHECTH 3MIHH B CXEMy 1 MHpPOTATOM MiBrOAMHU-TOJUHH IIOPAaXyBaTH BKE
QIbTCPHATUBHUI BapiaHT.

1. CII 335.1325800.2017 «KpyrnHonaHeabHbIe KOHCTPYKTUBHBIE CHCTEMBIL. [IpaBuiia mpOeKTHPOBAHUS»
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Modeling of panel buildings in SAPFIR software

O. Lazariev, lead engineer in Technical Support Team,
0. Artamonova, , engineer in Technical Support Team,

Lira SAPR, LTD

Nowadays, there is an active revival of large-panel building construction. First of all, this is
due to economic reasons. The three pillars on which large-panel housing construction stands are
speed, reliability, and, of course, affordability. l.e. the increased demand for panel buildings is
related to the demand for inexpensive housing, erected in the shortest possible time and with high
work quality.

In terms of modeling of building structures for analysis, the main difference between precast
and monolithic buildings is the presence of a special entity in them - the joint of the precast
elements and the necessity of its correct analytical representation in the meshed model.

The panel joint in SAPFIR software is a special object. It exists only at the intersection of the
structural elements of the building model (walls, floors) and characterizes the features of their
connection. When creating joints in the model, the joint type is determined: vertical or horizontal,
wall-wall, or wall-slab-wall, etc. The type of joint depends on connected elements and their
quantity.

In the meshed model vertical joints are presented in the following way: connection elements
of a given stiffness are placed at the desired locations with a predetermined step; the connecting
elements are modeled by two-node elements FE 55 or FE 255.

For horizontal joints special finite elements of the platform joint are formed. They fully reflect
its operation in reality (for vertical (by Z1) and shear (by X1) efforts and deformations this element
works as wall-beam but out of the element's plane is also added shear stiffness of platform joint).
Stiffness of such FE is described by three-linear diagram ¢ — €.

Parameters of this diagram (pairs ci and &i) are determined depending on flexibility factor Ai on
corresponding part of a diagram, height of joint FE and stresses oi at which the flexibility factor is
changed.

For finite elements of a platform joint (FE 58/59 and 258/259), automatic stiffness analysis is
performed. Analysis is carried out for the short-term action of the load by the formulas [1]. When
analyzing panel buildings, it is also necessary to check the compression strength of the horizontal
joint.

The analysis of the bearing capacity of the joint is also performed in SAPFIR according to [1].
Information about the joint strength values for short-term and long-term loads is transferred to
VISOR-SAPR in the corresponding stiffnesses.

The joint in the SAPFIR model is created based on a library of joints. There are a few pre-
configured joints in the library of joints to start with. The others can be added with the help of basic
schemes and set the necessary parameters for them. There are tools that allow you to perform
automatic placement of joints in the projected building. If it is necessary to make changes in the
properties of the joints, you can change 1 joint and apply these changes to other joints of the same
tag or type by using the "Duplicate" command. All information about joints can be seen in the
schedule of joints. There is also a joint diagnostic, which allows you to find panels in a panel
building that are not connected by joints.

As a result of the analysis, it is possible to obtain the stress-strain state of the scheme, contour
and mosaic plots of stresses in joints and efforts in individual connections, where embedded parts
are used. Modeling the operation of a large-panel building has always been difficult, but the tools of
the system "Panel Buildings" are so user-friendly that you can analyze one option, make changes to
the model and within half an hour to analyze the alternative.

1. SP 335.1325800.2017 « Krupnopanelnue konstruktivnue sistemu. Pravila Proektirovaniya»
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Excneprusa 3anizo0eronnux koHcrpykuiii y 1K « 1IPA-CAIIP»

Anopin Tomawescokuii, acnipanm, indicenep,

Hayionanenuii asiayiuinuu ynisepcumem (m. Kuisg),
TOB «JIIPA CAIIP»

VY cydacHHX TIPOrpaMHHX KOMIUIEKCax Oy/iBeiabHOro mnpusHaueHHs, takux sk [TK «JIIPA-
CAIIP», juis BU3HAQU€HHSI apMyBaHHS IPH HPOEKTYBaHHI 3a1i300€TOHHUX KOHCTPYKLIH IH)XKEHep
IIPOXOJUTH JeKinbka eTamiB. Ha mepmioMy erami BHKOHY€THCS TIHIMHHN pO3paXyHOK MoOJemi 3
MPUBEJICHUMH JKOPCTKOCTSIMH eeMeHTiB (3a Metoaukoto O. C. 3anecosa [1]), migbip apmyBaHHS,
yHi(iKkallis apMyBaHHsS B €IEMEHTaX BIANOBIAHO J0 KiTbKOX BHOpPAaHMX MapoK KOHCTpykKiid. Ha
JIPYroMy eTari 3a OJep)KaHHM apMyBaHHSM (DOPMYIOTHCS HENiHIHHI JKOPCTKOCTI EJIEMEHTIB Ta
BUKOHYETBCSI PO3PaxXyHOK 3 ypaxyBaHHsAM (i3u4HOi (B TOMY 4YHCIi 3 ypaxyBaHHSM I10B3Yy4OCTi
0€TOHY) Ta FeHETHYHOI (aKTyalbHO IJIsI BUCOTHUX OyZiBelb) HEMiHIHHOCTI. [l aBTOMaTH3amii 1ux
nBox eraniB y 1K «JIIPA-CAIIP» 3actocoByeTbesi cuctema «lHxeHepHa HemiHIHHICTEY [2], Ky
CIJIiJ] COPUIMATHU SIK METOJ] YTOUHEHOTO JU(EpeHLiHOBAaHOTO BpaXyBaHHs 3HIKEHHS KOPCTKICHUX
XapaKTEePUCTHK 3ali300eTOHHUX eJeMeHTiB. Ha Tperbomy erami Iuist JiiHeapH30BaHOI Mozenmi 3
Ollep)KaHUMHU  JIHCHUMHM  KOPCTKOCTSIMM ~ €JIEMEHTIB  BHKOHYIOTBCS ~HOAAJbIII  PO3pPaxXyHKH
CIIOIyYeHb 3YCHIIb, PO3PAXYHKH NUHAMIKH CIIOPYJH Ta HOPMATHBHI IEPEBIPKH KOHCTPYKIH 3a
MIIHICTIO, TPILIMHOCTIHKICTIO Ta e OpMaIlisiMH.

Jlns mepeBipok 3aii300€TOHHUX KOHCTPYKILiH 3a HOopMaTuBHMMH BuMmoramu y [TK «JIIPA-
CAIIP» icHyrots iHCTpyMeHTH ekcnepTisn 3bK. HeoOXinHicTh BUKOHAHHS TaKUX HEPEBIPOK MOXKE
BUHMKATH HE JIMIIE Ha 3aKJIIOYHOMY eTalli IMPOeKTyBaHHs IPU HOBOMY OyJIIBHUITBI, a i Ha paHHIX
eTamax MPOEKTyBaHHS HPH PO3poOLi NPUHIMIIOBHX CXEM apMyBaHHS KOHCTPYKIIH 3a MapKaMu,
OOYNCIICHHI TIPUBEJICHUX >KOPCKOCTEH KOHCTPYKIIiM, a TaKOK Ha eTari OOCTEXKEHHS iCHYHUHX
KOHCTPYKLII Ta MPOEKTYBAHHS MIJCHICHHS MPHU PEKOHCTPYKLil. Bupimrytoun ui 3anaqi, iHxeHep
MMOBUHEH MAaTH MOXIIMBICTH THYYKO 3aCTOCOBYBaTtd iHCTpyMmeHTH ekcreptusu 3BK, a cawme:
MOJICIIIOBATH TIONEPEUH] Mepepi3u MOBLILHOT (JOPMHU Ta 3 JAOBUIBHUM pPO3TAIlyBAaHHSAM apMaTypu,
BPaXOBYBaTH I'€OMETPUYHI HEJOCKOHAJIOCTI Ta AC(PEKTH eNEeMEHTIB, 3aaBaTH Ju(epeHniiioBaHi
XapaKTepUCTUKNA MIIHOCTI Ta AeOpMaTHBHOCTI MarepialiB Ui PI3HUX PEXHMIB POOOTH
KOHCTPYKIIii.

Jist ananizy HopManbsHoro nepepisy kouctpykuii y ITK «JIIPA-CATIIP» moxHa 3acTocyBaTi
cucremy «KoHcTpykTOop mepepisiBy, ska J03BOJIiE Ui nepepidy AoBUIbHOI KoH(irypauii (3
JEKITPKOX KOMIIOHEHTIB, pPI3HHX 3a (OpMOI0 Ta MarepialoM) BH3HAYMTH T'COMETPHYHI Ta
JKOPCTKICHI XapaKTEepUCTHKM SIK JUIsL JIHIKHOI po0OTHM MarepiamiB, TaKk 1 3a HEIIHIHHOIO
nedopmaniitnoro monemtto (HJIM). Ilpu ananizi nedopmaniii Ta Hanpyxens 3a HJAM moxna
3pOOHUTH BUCHOBKH IIPO JOCATHEHHS IIEPEPi30M I'PaHNYHHX CTaHIB 3a IEPIIOIO Ta APYTOI0 IPyIaMHy,
no0ayuBIIM HAOYHO TIIOJIOXKEHHS HEWTpalbHOI JIiHii, CTUCHYTOi 30HM, 30HM pPYyHHYBaHHS,
nedopmarii Ta HanpysKeHHs Ha (hibpax OeTOHy 1 B apMaTypHUX BKIIOUCHHSX.

Jns mepeBipkd TepepisiB craHmapTHUX (opM i3 3aJaHUM apMyBaHHSAM 3aCTOCOBYETHCS
BIJIMOBITHUI IHCTPYMEHT, L0 O3BOJISIE OTPUMATH 3HAYCHHs KOe(illieHTIB 3amacy 3a MilHICTIO Ta
TPIIIMHOCTIHKICTIO. 3 METOI MNOJAIBLIOr0 PO3BUTKY naHoro HanpsiMky B IIK «JIIPA-CAITP»
PO3pOOIISAIOTECST IHCTPYMEHTH JJIsi TIEPEBIPKM 32 HOPMATHMBHUMH BUMOTaMH OararomartepialbHUX
nepepiziB  JoBiIbHOI (opMu Ta KoHGirypamii apmyBaHHsA. Lli excmepuMeHTaldbHI 3aCTOCYHKH
SIBJISIIOTH COOOI0 PO3IIMPEHHS Mporpamu Ha 0a3i Bigkputoro APl i 103BOJISIIOTH BHKOHYBATH
OaratoQyHKIIOHANBHUN aHaii3 mnepepisy 3a gonomororo HJIM 3a 4iTkuMM BHMOramu
HOPMATHBHHX JIOKYMCHTIB.

1. BanecoB A. C. Pacuer xeie300€TOHHBIX KOHCTPYKUHMI 1m0 mpounoctd u aedopmamusam / A. C. 3anecos,
9. H. Koap, JI. JI. Jlemsi, M. K. Hukutun. — M.: Ctpoiinsaar, 1988. — 320 c.

2. I'oponenxwuit A. C. Komnbrorepusie moaenu koucrpykuuii / A .C. l'oponenkwui, Y. JI. EB3epos. — [2-e u3n., 1om.]
—K.: ®AKT, 2007. - 394 c.
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Checking of reinforced concrete structures in "LIRA-SAPR"

A. Tomashevskyi, postgraduate student, engineer,

National Aviation University (Kyiv),
“LIRA SAPR” Ltd

Using modern AEC software packages, such as "LIRA-SAPR", an engineer goes through
several stages to calculate reinforcement in reinforced concrete structures. The first stage is the
linear calculation of model with reduced stiffness characteristics of elements (A. S. Zalesov’s
method [1]), the reinforcement calculation and unification in the elements under several selected
marks. At the second stage nonlinear stiffness characteristics of elements are formed from the
received reinforcement and calculation continues considering physical (also with creep of concrete)
and genetic (relevant for high-rise buildings) nonlinearity. To automate these two stages "LIRA-
SAPR" uses the system "Engineering nonlinearity" [2], which should be perceived as a method of
refined differentiated consideration of the reduction of stiffness characteristics of reinforced
concrete elements. At the third stage other calculations are performed for the linearized model with
obtained actual stiffness characteristics of elements, such as: calculations of load combinations,
calculations of the structure dynamics and building code checking for strength, crack resistance and
deformations.

There are some tools for checking of reinforced concrete structures according to the building
codes in "LIRA-SAPR". The need to perform this checking may occur not only at the final stage of
new building design, but also during design of reinforcement schemes at the early stages,
calculation of reduced stiffness characteristics, examination of existing structures and strengthening
design for reconstruction. Solving these tasks, an engineer must be able to flexibly apply the tools
for RC structures checking, namely to model cross sections of arbitrary shape and random
arrangement of reinforcement, to consider geometric imperfections and defects of elements, to set
differentiated characteristics of strength and deformability of materials for different operating
modes of structures.

To analyze the normal cross-section of the structure element in "LIRA-SAPR" you can use
the system "Cross-Section Designer". It allows you to calculate the geometric and stiffness
characteristics for both linear operation mode of materials and nonlinear deformation model (NDM)
of the cross-section of any configuration (made of several components, with different shapes and
materials). When analyzing the deformations and stresses using NDM, it is possible to draw
conclusions about the reaching ultimate and serviceability limit states in cross-section, seeing the
position of the neutral line, compressed zone, fracture zone, deformations and stresses in concrete
fibers and reinforcement inclusions.

Here you can also model cross-section strengthening elements made of different materials,
such as steel, concrete, fiberglass, etc.

There is the tool for checking cross-sections of standard shapes with provided reinforcement,
which allows to obtain the values of the safety factors for strength and crack resistance.

To further evolution of this features in "LIRA-SAPR" some new tools are developed for
building codes checking of multi-material cross-sections of arbitrary shape and reinforcement
configuration. These experimental applications are extensions of the program based on the open
API. They allow you to perform multifunctional cross-sectional analysis using NDM according to
the strict requirements of building codes.

1. Zalesov A. S Raschet zhelezobetonnyh konstrukcij po prochnosti i deformacijam [Strength and deformation
calculation of reinforced concrete structures] / A.S.Zalesov, E.N.Kodysh, L.L.Lemysh, I.K.Nikitin. —
M.: Stroyizdat, 1988. — 320 p.

2. Gorodetskiy A. S. Komp'yuternyye modeli konstruktsiy [Computer models of structures] / A. S. Gorodetskiy,
1. D. Yevzerov. — [2-nd edition.] — K.: FAKT, 2007. — 394 p.
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Oco0MBOCTI TiF04901 HOPMATHBHOI METOANKH PO3PAXYHKY TPIIIHHOCTIHKOCTI HOPpMAaJIbHUX
nepepisis 3a/1i300eTOHHUX KOHCTPYKUii

€szen [IMumpenKo, Kano. mexm. HayK, Cmapuiuil UKIaday kagpeopu 6yoisnuymea

Tosapucmeo 3 obmedicenoro gionosioanvricmio «JIIPA CAIIPy (m. Kuis)
Hayionanonuil ynisepcumem biopecypcis i npupoooxopucmysanns Yrpainu (m. Kuig)

IIpu po3paxyHKy HOpMaJbHUX Mepepi3iB 3a1i300€TOHHUX KOHCTPYKIIH 3a JPYroro Ipyrnoro
IPaHUYHUX CTaHiB BiAMOBiAHO a0 m. 7.3.3, [1] BUHUKAEe HEOOXiJHICTH OOYMCICHHS MOMEHTY
TPILUIMHOYTBOPEHHSI Mcre, SKUM O3BOJISIE BU3HAUUTH YM YTBOPIOIOTHbCS TPIIIMHU Y Hepepi3i Bif
3a1aHOT0 HABAHTAKCHHS.

BianosinHo 10 aitounx HopM [1, 2] Horo MokHa BH3HAYATH JIBOMA METOUKAMHU:

1) 32 IOIOMOTOI0 CITPOLIEHOT METOANKH SIPOBUX MOMEHTIB.

2) 3a JOMOMOTrOI0 OLIbII 3araJibHOI METOJHMKH - HeNiHiHHOI medopmauniitnoi moxeni (TyT i
nani, HJAM), a came, HOUIAXOM BHUPILICHHS CUCTEMH HEJIHIMHUX pIBHSHb pIBHOBard Mix
BHYTPILIHIMU Ta 30BHILIHIMU 3yCH/ULIMH, 10 JiIOTh Ha Iepepis.

OJHaK NpH BUKOHAHHI PO3PAaXyHKIB 3a JIPYrOI0 MCTOJMKOIO BHHHKAE JIeIKa HEBH3HAYCHICTD,
sIKa HEJOCTaTHbO YM B3araji He OCBITJIEHAa Yy Cy4aCHHX HOPMAaTUBHHUX HOKyMeHTax [l, 2] Ta
YHUCICHHNMX MOCiOHMKAax 10 HuX [3]. BoHa BHHHUKAae y BHIIQAKy pO3paxyHKy Iepepisy Ha
M03aLEHTPOBUI cTHCK/po3TAr. IlposiBiseTsest came y TOMy, LIO 3a1ady pO3paxyHKy MOMEHTa
TPIIMHOYTBOPEHHS Mere MOXKHA BUPININTH, IIOHAKMEHIIIE 1BOMA CIIOCOOaMU, IIPU BUOOPI SKUX MAE
OyTH BpaxoBaHa iCTOpIis HABAaHTAXKCHHS €JIEMEHTA Ta 30KpeMa Iepepisy, a came Te, SIK 3MIHIOEThCS
fioro HJIC 1o yTBOpEHHS TPIILUH.

Iepmmit coci6 nosnsrae y Tomy, mo0 OpuiHATH N TaKUM, IO AOPIBHIOE Ned, 1 MigOUpaTH
IPAaHUYHUA MOMEHT Mcre, IPU SKOMY JOCSTa€ThCsl KPUTEPIH TPIIMHOYTBOPEHHS Eca. 11pu TakOMY
cnoco0i po3paxyHKy N nependavyacTbCs 3a CTaTHUHE.

Leii BUMagoOK DIMPOKO NMPOLTIOCTPOBAHMII Y MOCIOHMKAX JIO BITYM3HSHUX, a TAKOXK ICSIKHX
3apyObKkHUX HOpM [4]. Aje BiH HAlICHWH Ha UIIOCTpAIiI0 TMEpIIoi, CHPOIIECHOI METOAUKU
po3paxyHKy M Bpy4Hy, sika He mepeadadae BHUpPILICHHS CHCTEM piBHsHb piBHOBaru HJIM i
BpaxyBaHHS OJTHOYACHOT Jii IBOX CHIIOBUX (akTopiB N, M.

Jpyruit crioci6 mossirac 'y Tomy, 00 NPUAHATH €KCLHEHTPUCUTET Jii 30BHILIHIX 3yCHIb €o
MOCTIIHUM 1 M AOMpPaTH rpaHUYHI 3yCHIIS TPIIHHOYTBOPEHHS Nere, Mere.

VY 1boMy BHIAJKy EKCUEHTPUCHTET ep HependavaecTbCs 3a CTATUYHUM, TaKui, IO He
3MiHIO€ThCA. [IpH IbOMY BpaxoBYeThCS OAHOUACHICTD 301IBIICHHS BHYTPIMIHIX 3yCHIb Ned, Med 1O
JOCSTHEHHS KPHTEPIIO TPIIIMHOYTBOPCHHS Ecru.

Tomy, BpaxoByIO4H BHIIIE€3a3HAYECHE IPOIIOHYETHCS:

1. VY 3aranpHOMY BHIIQAKy IIPH BH3HAYCHHI 3yCWIIb TPIIUHOYTBOPEHHSA Nere, Mere 3a HIM
3TiJIHO BITYM3HSHUX HOPM pO3paxyHKy [1, 2] BBaxkaeTbcs 3a JOLIIBHE NPUIIMATH 3a TIOCTiHE came
EKCLIEHTPUCHUTET Jii 30BHIIIHIX 3yCHIIb €0, @ HE 3HAYCHHS TT03/10BXKHBOT CHIIH Ned.

2. JIis TiepeBipKH 3arporiOHOBAHHUX IOJOKEHb HEOOXIJHO MPOBECTH MOPIBHSUIBHUIN aHaii3
JIBOX CIIOCOOIB PO3paxyHKy i3 JOJYUYEHHSIM PE3yJIbTaTiB EKCIIEPUMEHTAIBHUX JOCIIIKEHb.

1. IBH B.2.6-98:2009. beronni Ta 3ani300eTonHi koHCTpyKLil. OcHOBHI nonoxenns. [Ynnnuii 3 2011.07.01]. K.:
MinrepionOyn Ykpainu, JlepxxaBue nianpuemMcTBo «Ykpapxoymindopm». 2011. 71 c.

2. JICTY B.B.2.6-156:2010. Betonni Ta 3a51i300€TOHHI KOHCTPYKLIi 3 BakKoro 6eTony. IIpaBuia mpoeKTyBaHHS.
[Yunnwmii 3 2011.06.01]. K.: Minrepion6yn Ykpaiau, 2011. 118 c.

3. bambypa AM., TIlaBmikoB A.M., Komuynos B.I. rta in. Ilpaktnunuii nocibHUK i3 poO3paxyHKy
3ai300€TOHHUX KOHCTPYKIii 3a mitounmu Hopmamu Ykpainu (JABH B.2.6-98:2009) Ta HOBUMH MOAEISIMH
nedopMyBaHHs, 10 po3pobiieHi Ha ixHio 3aminy. K.: Tomoka, 2017. 627 c.

4. CII 63.13330.2012. beroHHBIC ¥ jKene300eTOHHBIE KOHCTPYKIMH. AKTyanu3upoBanHas pepakuus CHull 52-01-
2003. [detictyer ¢ 2013.01.01]. M.: Munctpoii Poccun. 2015. 168 c.
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Features of the current normative method of calculation of crack resistance of normal
sections of reinforced concrete structures

Y. Dmitrenko, PhD (Tech.), senior lecturer of the department of construction, researcher

Limited Liability Company "LIRA CAD" (Kyiv)
National University of Life and Environmental Sciences of Ukraine

When calculating the normal cross-sections of reinforced concrete structures for the second
group of limit states in accordance with paragraph 7.3.3, [1] there is a need to calculate the crack
formation moment Mcre, which allows to determine whether cracks in cross section appear from a
given load.

In accordance with current building codes [1, 2] it can be determined by two methods:

1) using a simplified method of nucleus moments.

2) using a more general method - a Nonlinear Deformation Model (hereinafter, NDM),
namely, by solving a system of nonlinear equations of equilibrium between internal and external
forces acting on the section.

However, when performing calculations according to the second method, there is some
uncertainty, which is insufficiently or not covered at all in modern building codes [1, 2] and
numerous manuals to them [3]. It occurs in the case of cross section’s calculation for eccentric
compression/tension. The essence of it is in that the problem of calculating the moment of crack
formation Mcr can be solved in at least two ways, the choice of which should take into account the
load history of the element and in particular the cross section, namely how its stress-strain state
changes before cracking.

The first method is to take N equal to Nes and search the crack appearing moment Mcrc at
which the criteria of crack formation &cu is reached. With this method of calculation, N is assumed
to be static.

This case is widely illustrated in numerous manuals to national and some foreign building
codes [4]. But it aims to illustrate the first, simplified method of calculating Mc.., which does not
involve solving systems of equilibrium equations of NDM and taking into account the simultaneous
action of two force factors N, M.

The second method is to take the eccentricity of the external forces eo constant and select the
limiting forces of crack formation Nere, Mere.

In this case, the eccentricity e is assumed to be static, such that it does not change. This
takes into account the simultaneous increasing of the internal forces Ned, Med to achieve the criteria
of crack formation &cu.

Therefore, given the above, it is proposed:

1. In the general case, when determining the crack formation forces Nere, Mere by the
nonlinear deformation model according to national building codes [1, 2] is considered as
appropriate to fix, to take as a constant the eccentricity of external forces eo, not the value of the
longitudinal force Nea.

2. To verify the proposed suggestions, it is necessary to conduct a comparative analysis of
the two methods of calculation with the inclusion of the results of experimental studies.

1. DBN V.2.6-98:2009. Betonni ta zalizobetonny konstrukciyi. Osnovni polozhennya. [Chynni 2011.07.01]. K.
Minregionbud Ukrainy, Derjavne pidpriemstvo «Ukrarhbudinform». 2011. 71 c.

2. DSTU B.V.2.6-156:2010. Betonni ta zalizobetonny konstrukciyi z vajkogo betonu. Pravila proektuvanya.
[Chynni 2011.06.01]. K.: Minregionbud Ukrainy, 2011. 118 s.

3. Bambura AM., Pavlikov AM., Kolchunov V.I. ta in. Praktichniy posibnyk iz rozrahunku
zalizobetonnih konstrukciy za diyuchimi normami Ukrainy (DBN V.2.6-98:2009) ta novimy modelyami
deformuvannya, shio rozrobleni na yihnyu zaminu. K.: Toloka, 2017. 627 s.

4. SP 63.13330.2012. Betonnie s jelezobetonnie konstrukciyi. Aktualizirovannya redakciya SNiP 52-01-2003.
[Deystvuet s 2013.01.01]. M.: Minstroy Rossiyi. 2015. 168 s.
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DopmyBaHHS KpecjleHb 32/1i300eTOHHUX KOHCTPYKTHBHUX ejleMeHTiB B CAIIPIP-3BK
Ceéimnana FOcunenxo, indcenep,
TOB JIIPA - CAIIP, Ykpaina

CAII®IP (cucrema apXiTEeKTypHOrO NMPOEKTYBaHHS, ()OPMOYTBOPEHHS 1 pO3paxyHKIB) — IIie
OaraTo()yHKIIOHANbHA IIPOrpaMa, OJHUM 3 HANpPAMKIB SIKOI € KOMII'IOTepPHE MOJCTIOBAHHSA
OynmiBenb Ta CHOpYH; CTBOpeHHs po3paxyHkoBux cxem uiss [IK JIIPA-CATIIP; neranbHe
KOHCTPYIOBAHHSI 3a/1i3006TOHHUX E€JIEMEHTIB 3a pe3yJbTaTaMH pPO3paxyHKy 1 odopmiIeHHs
Pe3yJIbTaTIB y BUTIISII KPECIICHb.

Cucrema koHcrpytoBaHHs CAIIDIP-3BK posrnsijgae Taki KOHCTPYKTHBHI €IEMEHTH, SIK
IUIacKi IUIUTH TIEPeKPHUTTIB IOBIABbHOI KOH(Iirypauii B InaHi, (yHAaMEHTHI IUIUTH, KOJIOHU Ta
OaJIKl CYLTBHUX ITepepisiB, AiadparMu Ta CTIiHU 3 JOBUTBHUM PO3MIIICHHSAM OTBOPIB.

3a gomomoroto CAIIDIP-3BK  Moxna BHMKOHATH YyHidikamito 1 KOHCTPYIOBaHHS
3a1i300€TOHHHUX €JIEMEHTIB 0araTomoBepXxoBUX OyJiBeNb 3 MOHOJITHOIO 3aJli300€TOHY Ha OCHOBI
PO3paxyHKOBHUX IUIOLI apMaTypH, OTPUMaHUX B pe3yJibTati po3paxyHKy cxemu Oynimi B [TK JIIPA-
CAIIP 3a oOpaHMMH HOPMAaTUBHUMH JOKyMeHTamu, 30kpema JIBH B.2.6-98:2009, Eurocode 2
TOLLIO.

Cucrema CAII®IP-3bK Hamae MOXIMBICTH CTBOPIOBATH apMaTypHO-ONMANYOHI KpeclIeHHs
OKpEMHX EJIEMEHTIB, a Ha OCHOBI IUIAHIB MOBEPXIB — ONaNyOHI KPECICHHS TUIUT Ta BEPTUKAIbHUX
HECHHX eJieMeHTiB. KpecieHHs CyNnpoBO/UKYIOThCS MOTPIOHMMH crenudikalisMu, BiIOMOCTSIMH
BUTpPAT MaTepialliB Ta BIJOMOCTSIMH AeTalCH.

CTBOpEHHIO KpeciIeHb Iiepeye CTBOPEHHS MOJeNeil apMyBaHHS I MapOK KOHCTPYKTHBHUX
€JIEMEHTIB 3 MOHOJIITHOrO 3ayizo0eToHy. Po3rairyBaHHs apMaTypHHUX AeTajeldl Yy aBTOMATHYHHH
CIOCi0 MOEAHYETHCS 3 MOXKIINBOCTSIMU PYYHOT'O KOPETYBAHHS Ta KOHCTPYKTHBHIMH JOIOBHCHHSAMH
Oes3nocepe/IHbO  KOPHCTYBa4eM-IIPOCKTYBAIBHUKOM. ['Hydyka CHCTeMa aHallily pe3ysbTaTiB
pospaxynky B CAII®IP-3BK nosBonse 3a paxyHOK yHiikamii 3MEHIINUTH KiIBKICTH MapoK, LIO
OIPAIIbOBYIOTHCS, Ta THM CAMHM 3MCHIIHUTH 00CAT HCOOXITHHX KPEeCIICHb.

Jlnst noaaTkoBOro 0(hOPMIICHHS CXEM apMyBaHHs Ta KPEeCJIeHb nepeidadeHnii Habip KOMaHI:
HAHECEHHs PO3MIpiB, IO3HAYCHD Ta HANUCIB; JOJABAaHHS MITPHXOBOK; TEKCTIB IPUMITOK TOLIO.

"
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Puc.1 ®parmeHT KpecaeHHs KOJIOHU

1. Bapabam M.C., Boituerko B.B., IMamienko O.1. Indopmauiiini Texuosorii iHTerpanii Ha OCHOBI HPOrPaMHOTO
xomiekcy CAIIDIP (BIM) — K. : Crans, 2012. — 485 ¢. — ISBN 978-617-676-007-8
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Formation of drawings of reinforced concrete structural elements in SAPFIR-ZBK
S. Yusypenko., engineer,
LIRA SAPR company, Ukraine

SAPFIR (system of architectural design, shaping and calculations) is a multifunctional
program, one of the areas of which is computer modeling of buildings and structures; creation of
calculation schemes for PC LIRA-SAPR; detailed design of reinforced concrete elements based on
the results of calculation and obtaining results in the form of drawings.

The SAPFIR-ZBK design system considers such constructive elements as flat floor slabs of
any configuration in the plan, base plates, columns and beams of continuous sections, diaphragms,
walls with arbitrary placement of openings.

With the help of SAPFIR-ZBK it is possible to perform unification and design of reinforced
concrete elements of multistorey buildings made of monolithic reinforced concrete on the basis of
calculated reinforcement areas obtained by calculating the scheme in PC LIRA-SAPR according to
selected regulations, including DBN B.2.6-98: 2009, Eurocode 2 etc.

The SAPFIR-ZBK system provides an opportunity to create reinforcing and formwork
drawings of separate elements, on the basis of floor plans - formwork drawings of plates and
vertical bearing elements. The drawings are accompanied by the required specifications, material
consumption data and part tables.

The creation of drawings is preceded by the creation of models of reinforcement for brands of
structural elements of monolithic reinforced concrete. The location of the reinforcement parts is
automatically combined with the possibility of manual adjustment and design additions directly by
the user. The flexible system of the analysis of results of calculation in SAPFIR-ZBK allows to
reduce at the expense of unification number of marks and by that to reduce volume of necessary
drawings.

For additional registration of schemes of reinforcement and drawings the set of commands is
provided: drawing of the sizes, designations, inscriptions; adding hatches; texts of notes, etc.

oy
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Fig.1 Fragment of the drawing of the column

1. Barabash M.S., Boychenko V.V., Paliyenko O.I. Information technologies of integration on the basis of software
complex SAPFIR (BIM) — Kyiv : Stal’, 2012. — 485 p. — ISBN 978-617-676-007-8
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MojemoBaHHs 3a1i300€ TOHHUX KOHCTPYKILiif 3 BUKOpPHCTAHHAM TexHouorii BIM.
®opMyBaHHS KpecjeHb 3a/1i300eTOHHUX KOHCTPYKTHBHUX ejleMeHTiB y CAII®PIP-3BK.

Onekcandp Jlazapes, npogionuil iHdicenep mexniunol niompumKu,
Onekcanopa Apmamonosa, indicenep mexniunoi niompumKu,

TOB «JIIPA CAIIP»

IIK JIPA-CAIIP € HeBim'eMol0 JaHKOW B JaHmIOKKY BIM, m03BONSIOYM Ha OCHOBI
apxitektypHoi (¢izuyHoi) wmoxeni chopMyBaTH pPO3PAaXyHKOBY CXEMy, OINEPYIOYM TiJIbKH
QHAIITHYHAMHA TOHATTSAMH, BUKOHATH PO3PAaXyHOK CXEMH, a MOTIM BHKOHATH KOHCTPYIOBaHHS Ha
OCHOBI IIMX pe3yJsbTaTiB po3paxyHKy [1]. Texnounoris indopmaniitHoro moaemtoBanus B [1K JIIPA-
CAIIP nae MOXJIMBICTH €(EKTHBHO pearyBaTd Ha 3MiHYy BUMOT 0 HPOEKTOBAHOIO O00'€KTY,
(hopMyBaTH HOBI BapiaHTH MPOCKTHHUX PIllICHb, yIOCKOHAIOBATH NMPOCKTHI PIIlICHHS, HAMaralounuch
JOCSATTH X MAKCUMaJIbHOI ¢()eKTHBHOCTI.

VsBimo, y Hac € Mozenb OyniBmi B onHiil 3 mporpam (Revit, Archicad, Tekla Structures,
Renga, Allplan). Mu moxxemo niepenaru nani B CAIIDIP nexinbkoma criocodbamu:

1. BukopucroBytoun kinpka I[FC ¢aiiniB. ¥ TakoMmy BHIAIKy MU MOXKEMO 30€pErTH B KOXKEH

(aiin cBiif po3nin npoexry. Hanpuknan, secydi koncrpykuii B IFC ¢aiin "Konctpykrus".
APpXITEKTYpHY MOJEIb 3 yCiMa BHYTPIIIHIMH TEPEropojIkaMH, 30BHIIIHIMU CTIHAMH i
npocropamu B IFC ¢aitn "Apxirtexrypa". Taki 00'eKTH MOXKYTb BHKOPHCTOBYBAaTUCS B
cucremi CAIIDIP sik naBanTaxenus. Enementu OB i BK B IFC daiin «Komymikarii». Ha
ocHOBI 1ux enemeHTiB y CAII®IP mMoxxHa CTBOPUTH OTBOPM 1 MEPEBIPUTH MOJENb HA
KOJTI3iT;

2. 30epertu Hecydmil Kapkac 3a jgornomoror Hosoro dopmaty SAF (Structural Analytical
Format). Lle Binkputuii ¢popmat, KU BKe MIITPUMY€E TOCUTH BEIUKY KUIBKICTh IPOTPaM,
nanpukian Archicad, SCIA a6o Allplan. C pomomororo Microsoft Excel mosxHa
MEePErJITHYTH CTBOPEHUM (hailll i MPOKOHTPOIIOBATH SIKi €IIEMEHTH 3 SKUMH KOOPANHATAMU
i XapaxrepucTukaMu Oyiu 36epexeni. ApxitektypHi o0'ekt OB i1 BK sk i B neprmomy
BHITQJIKy MOXKHA 3anucaTu 3a jgornomororo [FC daiinis.

VY CAII®IP nocrynHuii mupokuil Habip IHCTPYMEHTIB JUIS MEPETBOPCHHS 00'€KTIB 3 OJHUX
TUIIIB B 1HIIII, BUPIBHIOBAHHS IMITOPTOBAHOI MOJIeI, 3icTaBieHHs MatepiaiiB. Kpim toro, CAII®DIP
BXKE [03BOJIsIE COpMYBATH MOBHUIT HaOip AaHUX Ui PO3paxyHKy. Ba3yroumch Ha pe3ynabpratax
po3paxyHky 3a ponomororo cucremu CAII®DIP-3BK moxHa BukoHaTH yHidikariro ocHoBHuX 35
€JIEMEHTIB, X KOHCTPYIOBaHHS 1 OTPUMATH pOOOYI KPECICHHS apMyBaHHs, CcrHenu@ikaiio
apMaTypH, BIOMICTh BUTpAT cTami i BimoMicTs Aeraneil. OcHoBHuME 3B eneMeHTaMM € IIIHTH
MePEKPUTTSL, AiapparMu KOPCTKOCTI, KOJIOHH, OaJIKH, cxoau 1 naii. KoHCTpyroBaHHS 31iHCHIOETBCS
B AaBTOMATH30BAHOMY PEXHMI Ha OCHOBI pe3yJIbTaTiB MiA00Py apMaTypH, NPEICTaBICHUX Y BUTIIS/L
i3omosiei abo Mo3aik IUIONI apMaTypH.

CdopmoBaHi eneMeHTIB MOKYTh OyTH po3apyKoBaHi abo ekcrioptoBani B DWG ¢dopmar. [pu
eKCIOPTI KPECIICHb BPAaXOBYIOThCA BCI OCHOBHI HIOQHCH, SKi 3yCTpIHalOThCs NPHU POOOTI 3
IUIOCKMMH KPECIICHHSIMH B JaHOMY (hopMari:

- BCi 00'eKTH, SKi MPUCYTHI HA KPECJEHHi, PO3MILIYIOTHCSl HA BIAMOBIAHUX IApax MO THITY

o0'ekta (CTIHH, TTUTH, KOJIOHH 1 T.]T.);

- TabnuIl, pO3MipH, BUHECEHHs, HITPUXYBAaHHS 1 TUIM JIHIH EKCIIOPTYIOThCS B HATHBHI
o6'extu DWG ¢dopmary;

- CTBOPIOIOTBCS CTHJII AJIsl 00'€KTIB TEKCT, JIiHisA, po3Mip, MyJbTUBHHOCKA, TaOmuis. JlaHi
CTHJII I03BOJIAIOTH BioOpazuTu kpecieHHss DWG TtakuM caMuM SIK KpecJIeHHsl, CTBOPEHE B
CAIIDIP.

BIM interpaniss B JIIPA-CAIIP no3Boisisie iHXXeHepaM 3BECTH J0 MIHIMyMY KUIBKICTh

MOMMJIOK 332 PaxXyHOK IOBTOPHOTO BBEACHHS NAHUX, MIABHUIMUTH €()EKTUBHICTH CHINBHOI pOoOOTH
MK CyMDKHAMH BIIIIAMH, CKOOPIHUHYBATH Jii 3 IPOCKTYBAaHHS 1 CKOPOTHTH YaCOBI BTPATH.

1. bapa6am M. C. ITporpamni komruiekcu CATIDIP i JIIPA-CATIP — ocnoBa BiTunsusaux BIM-texHounoriit. M. C.
bapabau, O. I. ITamienxko, JI. B. Measenenko. — 2-e Bua. — M.: IOpaiir, 2013. — 366 c.
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BIM technology for simulation of RC structures.
Drawings of RC structural elements in SAPFIR-RC module

O. Lazariev, lead engineer in Technical Support Team,
0. Artamonova, engineer in Technical Support Team,

Lira SAPR

LIRA-SAPR program is an integral part within the BIM chain. In this program it is possible to
generate design model on the basis of an architectural (physical) model with the help of analytical
concepts [1]. Then the user could carry out analysis of the model and based on these analysis
results, carry out analysis of RC & steel structures. Building Information Modelling technology in
LIRA-SAPR program enables the user to effectively respond to changes in the requirements for a
designed object, generate new concepts for design solutions, enhance design solutions in order to
achieve their max efficiency.

Let’s suppose, we have a building model in any of the programs (Revit, ArchiCad, Tekla
Structures, Renga, Allplan). The data may be transferred to SAPFIR module in several ways:

1. to use several IFC files. In this case, certain project chapter may be saved to certain file.

For example, load-bearing structures - to the IFC file ‘Structural’. Architectural model with
all internal partitions, external walls and spaces - to the IFC file ‘Architecture’. Such
objects may be used in the SAPFIR module as a load. Elements of heating and ventilation -
to the IFC file ‘Engineering Networks’. For such elements in SAPFIR, you can create
openings and check the model for errors;

2. to save the load-bearing framework to the new SAF format (Structural Analytical Format).

It is an open format and is already supported by many programs, such as Archicad, SCIA
or Allplan. With MS Excel, the user could preview the generated file and check which
elements with which coordinates and parameters were saved. Architectural objects and
heating/ventilation, as in the first case, may be saved to the IFC files.

SAPFIR module provides a wide range of tools to convert objects from one type to another, to
align the imported model, to replace materials. Moreover, with SAPFIR tools now it is possible to
generate a complete set of data required for the analysis.

According to analysis results, in SAPFIR-RC module it is possible to unify the main RC
elements, design them and obtain working drawings of reinforcement, schedule of reinforcement,
list of steel consumption and a list of components.

Floor slabs, shear walls, columns, beams, stairs and piles are the main RC elements. RC
elements are designed automatically according to the results obtained in analysis of reinforcement;
these results are presented as contour plots or mosaic plots of the reinforcement area.

The generated drawings of RC elements may be printed or exported to DWG format. When
the drawings are exported, the program takes into account all main features of work with 2D
drawings in this format:

- all objects available on the drawing are placed at the appropriate layers by the type of
object (walls, slabs, columns, etc.);

- tables, dimensions, leaders, hatching and linetypes are exported to native DWG objects;
- styles are generated for the following objects: text, line, size, multileader, table. These
styles enable the user to display a DWG drawing exactly as the drawing generated in
SAPFIR module.

BIM options in LIRA-SAPR enable engineers to minimize errors because of re-entering the
data, have effective collaboration between related departments, coordinate design activities and
avoid the time loss.

1. Barabash M. S. Programni kompleksu SAPFIR i LIRA-SAPR — osnova vitchyznyanux BIM-tehnologii. M. S.
Barabash, O. I. Palienko, D. V. Medvedenko. — 2-nd ed. — M.: Yurait
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Bikmop Tumox

3aane apMyBaHHs, MOXKIIMBOCTI peajtizaiii ta Bukopuctanus B [IK JIIPA-CAIIP...........
Onexcandp Jlazapes, Onexcanopa Apmamonosa

MonentoBanns nanenbHux OyaiBenb B [IK CAIIDIP. ...
Anopin Tomawescokuii

Excneprusa 3anizo6etonnux koHCTPYKIil y [TK «JIIPA-CAIIP».. ...
€Eszen /Imumpenko

Oco0nuBOCTI  [if090i HOPMATHBHOI ~METOAMKHM  PO3PAxXyHKY  TpPIIIHHOCTIHKOCTI
HOPMAJIBHUX MEePepi3iB 3a11300€TOHHUX KOHCTPYKIIH ... o.vuinininiiiiiieiieeieeieieieieaane
Cgimnana FOcunenko

DopMyBaHHS KpecIeHb 32113006 TOHHIX KOHCTPYKTHBHUX e1eMeHTiB B CAIIDIP-3BK.....
Onexcandp Jlazapes, Onexcanopa Apmamonosea

MopenroBaHHs  3aJ1i300€TOHHUX KOHCTPYKIIH 3 BHKOpUCTaHHAM TexHonorii BIM.
dopmyBaHHS KpeciIeHb 3a1i300eTOHHUX KOHCTPYKTHBHUX enemeHTiB y CAIIDIP-3BK. ...
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Marepiaau III HaykoBo- npakTuuHoi koHdepenuii
«BynaiBJi creniaTbHOr0 MPU3HAYEHHSI: MaTePiaIi Ta KOHCTPYKIiD»

22-23 kBiTHa 2021 p.

Kuis

Kowmrm’torepHe BepcTaHHs: Bipa Kosikoa, Onbra bonnapenko
PenaryBanHs i KOpekTypa Bipa KosikoBa, Onbra bonnapenko
OOKIIaguHKa: Jmutpo Kypapcbkuii

BinnosigajabHicTh 32 3MiCT Ta A0CTOBIPHICTh HABEJEHUX JAHUX HeCYyTh aBTOPH
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