MIHICTEPCTBO OCBITU I HAVKU YKPATHU

KNIBCHKHI HAIIIOHAJIbBHUI YHIBEPCUTET
BYIBHUIITBA TA APXITEKTYPU

P N ITOJIbCBKA AKAJIEMISI HAYK
(ITPEJCTABHMIITBO B YKPAIHI)

FHARA ARATEMIA NALTK

POBOYA TIPOTPAMA TA TE3U JOTIOBIIEN
1 HAVKOBO-TTPAKTUYHA KOH®EPEHIIIS
BYJIIBJII TA CIIOPYIH

CHEHIAJIBHOT'O ITPU3HAYEHHS:
CYUYACHI MATEPIAJIM TA KOHCTPYKIIII

24-25 tpaBus 2018 poky

KNUiBCHKUI1 HAIIIOHAJIBHUN YHIBEPCUTET BYJIBHUIITBA TA
APXITEKTYPU

VYkpaina, M. Kuis, [loBiTpodaorcekuii npocmekr, 31



OPI'AHI3ATOPU KOH®EPEHIIIT

KWUiBCBKUI1 HAIIIOHAJIbHUN YHIBEPCUTET BYJIBHULITBA TA
APXITEKTYPU

CHIBOPI'AHI3ATOPY KOH®EPEHIIIT
ITOJIbCHKA AKAJIEMISI HAYK (ITPEACTABHUILITBO B YKPATHI)
KOH®EPEHIISA BIABYAETHCS 3A YUACTI

MiHicTepcTBO OCBITH 1 HAYKH YKpaiHH,
MinictepcTBO 000pOHU YKpaiHu,
AxajneMist OyJIIBHUIITBA Y KpaiHU.

HAYKOBUI KOMITET KOH®EPEHIIII

Kymikos [1.M. — rososa

Kypascbkuii O./].- 3aCTyHUK TOJIOBH

AsizoB T.H., Hopodeer B.C.,
babuu €. M., Kaimos 10.A.,
baxnos B.A., Kmumenko €.B.,
bambypa A.M., Kosaus [1.M.,
bapabam M.C., [TaBnikoB A.M.,
binuk C.1., [Tiuyrin C.®D.,
bnixapcekuit 3.41., [TymkaproBa K.K.,
boiiko L.I1., Capunpkuii M.B.,
['oponeuskuii O.C., Cobuyk I'.,
Hasunenxo O.1., VYo6atigynnaes FO.H.,
JBopkin JLIL, [IImyxnep B.C.,
META KOH®EPEHIIII

CucremHe OCHIIKEHHS TPo0JIeM MPOEKTYBaHHS, pO3paxyHKY Ta eKCIuTyaTalli
OyZiBeIb Ta CIOPY/I CIIEIIAIbHOTO MTPU3HAYCHHS

MICHE NPOBEJEHHA KOH®EPEHIIIT

KuiB KuiBchkuii HalliOHaIbHUN YHIBEPCUTET OYyAIBHULITBA 1 ApXITEKTYpH
[ToBiTpoduioTchkuii mpocmekt, 31.

[InenapHi Ta CeKIliiHI 3aciTaHHs TPOXOIUTUMYTh y 3aJli Buenoi paau a.466, Ta B
a.123.
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TEMATUKA KOH®EPEHIIIT

. CyuacHi OyaiBesIbHI MaTepiaau Ta TEXHOJOT1 A1 OyiBelb CTeIiaIbHOTO
MIPU3HAYEHHS.

. Mertoau po3paxyHKiB OyAiBelb Ta CIIOPY/I.

. ExcniepuMeHTabH1 TOCTIHKEHHS KOHCTPYKITN J71s Oy 1IBEIb Ta CIIOPY/T

CHeHiaJII)HOI‘O IMPU3HAYCHH.

. [TpoexTyBaHHs OyAiBENb Ta CHOPY/ CHELIATIBHOTO MPU3HAYECHHS.
. TexHiuyHMI cTaH, pEKOHCTPYKLIA Ta MiACUICHHS OyaiBeNb Ta CIIOPY/.
. KomMmm'toTepHe MOentoBaHHsI KOHCTPYKLIA OyaiBeNib 1 CIOPY/T CHEHIaTbHOTO

npu3HavueHHs 3a nornomororo [IK "JIIPA-CAIIP"

EKCHO3UIIIMHA ITPOI'PAMA

[lin yac mpoBeneHHs KOH(EpeHIl OaxalouuM yYaCHHKaM HaJa€ThCs
MOXJIMBICTh JIJI1 MPE3CHTAIlli HAYKOBO-TEXHIUHHUX PO3POOOK 3 OyAiBeNb 1 CHOPYI
CHELIaJbHOTO NPHU3HAYEHHS,  HOBITHIX OYIIBEJbHUX MaTepiamiB Ta BUPOOIB,
HayKOBO-METOJIMYHUX Tpallb Ta peKIaMHO-1HPOpMalIMHUX APYKOBAHUX MaTEpialiB.

YBJIKAIIIT

3a pesyiabratramu KoH(pepeHiii OyayTh omyOsiikoBaHi HaykoBi mpami B III
BUITYCKY HAayKOBO-T€XHIYHOro 30ipHuUKa «bymiBenpHi KoHCTpykuii. Teopis 1
npaktuka». [lo 30ipHHKaA yBIAIYTh CTATTI IO OYyJW TMOJAHI 1 BIANOBIIAIOTH YCIM
BUMOTaM 70 0(pOPMJICHHS, MICTATh HAYKOBY 1 IPAKTUYHY HOBU3HY.

BianoBigaapHICTh 3a 3MICT Ta PEAaKIIiio0 HECE aBTOP CTATTI.
OPTAHIBAIIIMHUHA KOMITET

ITnockuit B.O. —ronosa (KHYBA) Bekcnsapcrka T.B.(KHYBA)
Kypascbkuii O./1. (KHYBA) [ToBkiBchka B.B. (KHYBA)
Konskosa B.M. —

3actynHuk ronosu (KHYBA) Topenenxo A.O. (KHYBA)
[Tpuiimak O.B. (KHYBA) bepnuuk A. (KHYBA)



MNAPTHEPU KOH®EPEHIIII

OprKkoMiTeT BUCIIOBITIOE IIIUPY TMOASKY MPeacTaBHUNTBY [1obchKO1 akameMii
Hayk B M. KueBi Ta ocobucto npogpecopy I'enpixy Coouyky

POLSKA AKADEMIA NAUK

N

OIITUMA

®

CBIT BIKOHHUX PILEHb  Gooimobasalt goopooyd D D D D

ALLBAU o3

software (04



PEIJIAMEHT KOH®EPEHIIII

24 TpaBHsA (4eTBep)

9:00 — Peecrparist yuacCHHUKIB

10:00 — Binkputts koHbEpeHIlii, nepie mIeHapHe 3acijaHHs
13:00 — KaBa-6petik

14:00 — Cexuwiiiai 3acigaHHs

17:00 — dpyxHa Beueps

25 TpaBHd (M’ ATHUIA)

10:00 — CekuiiiHi 3acimaHsas

TpuBajicTh BUCTYIIB:

[InenapHi - 1o 20 xB.

Cexuiiiai — 1o 10 xB.



POBOYA ITIPOTPAMA KOH®EPEHIIII
IIVIEHAPHE 3ACIJIAHHA

24 tpasusa 2018., Buena Pana YuiBepcurtery a.466

9:00 — Peecrpariist yuacCHHUKIB
10:00 — Binkputts KoHbEpEHIlii, epiie mieHapHe 3aciqaHHs
13:00 — KaBa-0petik

1. BiranbsHe cioBo ['ooBu HaykoBOTO KOMiTeTy, pektopa KHYBA
npog. Kynixoe II.M.

2. BitanbHe cnoBo ['onoBu oprani3aiiiHoro KOMITETY, MIPOPEKTOpa 3 HAYKOBOi poOOTH Ta
MixHapoaaux 3B’ s3kiB KHYBA.
npog. Ilnockuu B.O.

3. PedhopmyBanHs ocBiTH OyaiBeIbHOT ranysi
npog., Hazapenxo LI Tlpe3unent akagemii OyniBHUITBA Y KpaiHu

4. TlpakTU4HI pO3paxyHKH 3ai300€TOHHMX KOHCTPYKIIM B HemiHiiHiM moctanoBi B [1K
JIIPA-CAIIP. Meton «IH)XeHepHA HENIHIMHICTh
npogh. I'opodeywvkuii O.C., npogp. bapabaw M.C. (TOB JIIPA-CAIIP)

5. IunoBamiiini TexHojorii pekoHCTpykmii MocTiB Sika Ha mnpukianmi peaOimitarii
aBTomircrpani M06 «Kuis-Homn»

IHanuenxko 0.B., Cooko I0., Cinakin A. (TOB CIKA Vkpaina)

6. JocmipKeHHS TepMOMEXaHIYHOTO CTaHy TEPMETHU3YIOUOro CTajeBOrO OOJIHUIFOBAHHS
3aXMCHUX 00070HOK eHeproOnokiB AEC 3 peakropuumu ycranoBkamu BBEP-1000/B-320 B
aBapifHUX yMOBaXx.

I'ononax O., Kpuysvkuii B., Ononpienko B., Yemepuc A. 1’3’4(HT VV «Kuiscoxuti Ilonimexniunuti
IHcmumym))),ZCZZepofcagHud HAYKOB0-MeXHIUHUll YyeHmp 3 A0epHoi ma padiayitinoi b6esnexu)

7. MopemoBanna Oyxaisens Ta crnopya B CAIIP Allplan. OcoGnuBocTi HpoOEKTyBaHHS
30IpHUX 3a71300€TOHHUX KOHCTPYKIINH 3 BUKOPHUCTAHHSAM CHCTEMU aBTOMATUYHOTO KOHTPOJIIO
npoekTHUX pimeHs Allcheck.
npos.cney. CAIIP Bapaneuvkuii A.O. (TOB «Annbay Coghmeepy)



CEKIIVHE 3ACIJTIAHHSI

«byniBe/ibHI KOHCTPYKIii»

24 tpaua 2018 p., Buena Pana YuiBepcurery a.466

14:00 — Cexmiitai 3acigaHHas
17:00 — Apy>xHs Beueps

1. ExcriepuMeHTaIbHO-TEOPETHYHI JOCTIPKEHHSI KOHCTPYKTUBHO-aHI30TPOITHUX KOHCTPYKITIH
ITi]] BIUTMBOM TEMIIEpaTypH.
oouy. I'anonosa JI. (Xapkiscokuil HayioHanbHUll yHigepcumem micbko2o ecocnooapcmea imeni O.M.
bexemosa)

2. OuiHka OUHAMIYHMX XapaKTEepPUCTUK OyiBeNb MICisS BIUIMBY 3HAYHUX HEPIBHOMIPHUX
nedopmariiii OCHOBH.
oou. Xoxnin JI. (KHYBA).

3. ParionaneHuii BUOip METOTY ITiJICUICHHS 3THHAIBHHX 32113006 TOHHHUX CJIIEMEHTIB.
ac. Ilocmepnax 0., maz. Cemensaxa M., ( KHYFA)

4. Oninka HagifHOCTI OYyiBIII HA MPUKIIAJI )KUTIOBOTO OyIMHKY.
npog. Ilepwaxoes B., acuc. Jlucnuyvka K., (Hayionanvnuii agiayitinuti ynieepcumem)

5. AHaniTUYHEe BU3HAYCHHS MPOTUHIB 3a71300€TOHHUX IUIUT, QpPMOBAaHUX TJIAJKUM CTaJIEBUM
npo(HACTUIIOM 13 IPUBAPHUM OTIOPHUM aHKEPYBAHHSIM.

Koganv M. (T30B "Haykoso-eupoonuue nionpuemcmeo "TPIAJ[A")

6. Amnamiz nedopmariii 3ami300eTOHHUX MOHOJNITHUX IUIMT B 3aJ€KHOCTI Bl MicCIs
MPUKJIaIaHHs TEMIIEpAaTypHOTO HABAHTAXEHHS BITHOCHO OCHOBHUX HECYYHUX KOHCTPYKIIill OymiBIIi.
inotc. bosorcuncoxkuii M., oou. Konaxoea B. (KHYDBA)

7. JocmimkeHHs 3a1i300€TOHHUX OaJOK 3 TMOIIKO/KEHOI0 poO0Y0I0 apMarypor 3a il
HABaHTAKCHHS.

Bnaixapcokuit 3., Bezepa IL., IlTnano T. (HY «JIbsiscoka nonimexmixay)

8. HaniitHicTb 3a11300€TOHHUX 0aJI0K, MICHIEHUX HAapOILyBaHHSAM PO3TATHYTOI apMaTypu
TIpH JTii HAaBaHTAKCHHS.
ooy. Xminw P., Tumapenxo P. (HY «J/Ivsiscvra nonimexwixay)

9. MIiIHICTh KOMITIO3UTHOI HEMETAJIEBOI apMaTypH Ha 3pi3.
npogh. Knimoe 0. ( KHY5A)

10. BusHaueHHS Hecydoi 37aTHOCTI TaBPOBOTO TEpepidy i3 BHUKOPHCTAHHSIM CIIPOIICHHUX
niarpam ieopMyBaHHS MaTepiaiB.
oou. Bouuexiecokuii 0., macicmp Konopamenxo T., (Binnuyvkuii HayioHanibHUll MexXHIYHULL
VHigepcument)

11. TIpo MOXIHMBICTH BHUKOPUCTAHHS CKJIOIUIACTUKOBOi apMaTypd B OyIiBEIbHHUX
KOHCTPYKIIIfX.
ooy. Aganacvesa JI. (KHYFA)



12. Ontumisaliis TAIMBHOTO pe3epByapy 3 IUIaBAIOUMM JIaXOM TP OOMEKEHHI HaIpy>KEHb,
nepeMillieHb, BIACHUX YaCTOT KOJMBAHHS.
ac. Kowmeesuit 0. (KHYFA)

13. Kapkacne OyAiBHHLITBO Ui 6araTOnoOBEPXOBHUX TapaKiB-CTOSHOK.
ooy. Cxopyk JI., Cioikoscvkuit O. (KHYBA)

14. CTiliKicTh KOJIOH KapKacHUX OyAiBEIb IPOTH MTPOTPECYIOUOT0 PYHHYBaHHS.
npo¢. Kpinax B., /lasudenxo P. (KHYHA)

15. YwucenbHe MOMACIIOBAHHS IPOIIECY PYHHYBaHHS 3ali300€TOHHUX OaJOK MOHOJIITHOTO
OTOPOJIKEHHS Ta PO3PAXYHOK HOr0 MOCUIICHHS BYTJICIIEBUMU MaTepialaMu.
ooy. Yupea B., Ilanuenxo O., ooy. Hupea T., Casuenxo A., Pomanenxo K.

16. EexTHBHI MOHOITHI IEPEKPUTTS 3 IOPOKHUCTUMU BKJIAIUIIAMHU.
npog. Kpinak B., acnipanm Anmonoe P. (KHYBA)

17. TlincunenHs 3a1i300€TOHHHX KOHCTPYKIIM 3a JIOMOMOTOI0 BKJIGEHOT IOMEPEUHOI
apMaTypH.
ooy. Cmopxanos /., Jlakuumanos A. (KHYFA)

18. PexoHcTpykilisi Oy/iBenb 3 BUKOPUCTAHHSM 30BHIIIHBOTO Ta BHYTPIIIHHOIO METAJIEBOIO
KapKacis.
npog. Kpinak B., /l[pobaxa O. (KHYHA)

19. HaniliHiCTh KOHTAaKTHOTO IIBA MPH ITiICHJICHH] 3THHAIBHUX 3a1i1300€TOHHHUX €JIEMEHTIB.
ooy. Ilocmepnaxk M., acuc. Ilocmepna O. (KHYHA)

20. BrimiB >KOPCTKOCTI KOJIOH 1 pUTENIB Ha CTIMKICTh 0araTonporoHOBUX paM.
npog. Binuk C., maz. /[ncanos JI. (KHYFA)

21. KoedinieHTH po3paxyHKOBUX JOBXKUH METAJIEBUX CTEPKHIB JIsl BUCOTHUX OY/IiBEIb.
maz. Ironun €. (KHYFA)

22. JocmimkeHHs poOOTH HEPO3pI3HUX 3al1i300€TOHHUX OaloK 3a [ii MaJOIMKIOBUX
MOBTOPHUX Ta 3HAKO3MIHHUX HABAHTAXKCHb.
npogh. Macrwk I., acnipanm FOwyk O. (Hayionanvnuii ynisepcumem 600H020 20Cnooapcmea ma
NpUPOOOKOPUCTNYBAHHSL)

23. ExcnepuMmeHTaNbHI JOCHTIIKEHHS KOHCTPYKTHBHHX EJIEMEHTIB 3 HI3JPIOBATUX OCTOHIB,
apMOBAaHUX HETPAIHUIIHHUAM apMyBaHHSIM.
ooy. @amynsk FO. (Jlveiscokuili nayionanvuuu acpapruil ynigepcumem), npog. /lemuuna b.
(HY «Jlvsiscoka nonimexHika)
24. Kpurepii MIHOCTI 3a711300€TOHHUX IJIOCKUX €JIEMEHTIB MpH CHUIbHIM Jii 3rUHAJBHUX Ta

KPYTHUX MOMEHTIB, HOPMAJIbHUX Ta JTOTUYHHUX CHJL.
oouy. JKypascokuii O. (KHYFA)

CEKIIAHE 3ACIJAHHSA
«CyuacHi OyaiBesbHI MaTepiajiu Ta TEXHOJIOTID)

24 TpaBHs Buena Pajna YuiBepcurery a.466

14:00 — Cexkiiigai 3acitaHnHs
17:00 — dpy>xus Beueps



1. [lepcieKTUBY BUKOPUCTAHHS HAHOMOAM(IKOBAHUX IIEMEHTHHX PO3YHMHIB Ta OCTOHIB JJIs
OyaiBelb CIIEIiaIbHOTO MTPU3HAYCHHS.
ooy. Cyxaneeuu M. (KHYbHA)

2. [Tapamerpwu3airist OyaiBeaIbHUX 00’ €KTIB 32 BUMOT'aMH PEIMKIIIHTA.
oou. Illnaxosa I. (KHYFA)

3. Hampyxeno-gedopmoBanuii cTaH miarpiga 3 KJICEHOI JEPEBMHU 3a PISHUX THIIIB

dbyHIaMEHTIB
oouy. Muxaitnoscvkuit /., Kazauonox I0., Oxpimenxo b. (KHYFA)

4. «Exomnorizarisi» OyJIBHUIITBA Ha 3acajiaX mapameTpu3aiii Oy1iBeIbHOI MPOTYKILii.
oouy. lllnaxoe A.B., I'nywenk 1. (KHYbHA)

5. locnimkeHHs BILTUBY 6a3aibToBOT (piOpH Ha Qi3UKO-MEXaHIYHI BIACTUBOCTI
ac(aibToOETOHY.
npo¢. Onuwgenko A., ac. I'apkyma M., acn. Ilnazin €. (Hayionanvnuii mpannopmmuuil
VHigepcumem,)

CEKIIHE 3ACIIAHHS

25 TpaBHs, aya. 123

10:00 — 15.00 — Cexkwitine 3acigaHHs
15.00 — 17.00 — Maiictep kiac

1. Hosi moxuuBocTi nporpamuoro komiuiekcy JIIPA-CATIP2018

k.m.H. I'ensepcokuii 1O. (TOB JIIPA-CAIIP)

2. MonenupoBaHue MPOIECOB KU3HEHHOTO IHKIA KOHCTPYKIHMHA BBICOTHBIX M YHUKaJIbHBIX
31aHHHN.
npog. bapadaw M. (TOB JIIPA-CAIIP)

3. Meronuka BuzHaueHHs nedpopmaniii tepmononzydecti B [IK JIIPA-CAIIP
acn. Bawunceka O. ( Hayionanwnuil asiayitinuil ynieepcumenm,)

4. HanpsokeHHO-IeOPMHUPOBAHHOE COCTOSIHUE IUArpHa W3 KIECHOW JPEBECHHBI TpPHU
Pa3IMYHBIX THUIOB (YHIAMEHTOB
oouy. Muxainoeckuit /I., cm. Kazauonox 10., cm. Oxpumenxo b. (KHYFA)

5. Metonu po3paxyHKy HeCy4oi 3JaTHOCTO MIJICHJIEHHX 3a1300€TOHHHUX Iepepi3iB Oalok,
MOXHMIINX JI0 TIO3/IOBXKHBOT OCi
ooy. Maszypak A., ac. Kosanux I, acn. Muxaiineuxko B. (/Ivsiécokuil HayionanbHuil acpapHuil
VHigepcumemn)



TE3U JOMOBIJIEN [CONFERENCE PROCEEDINGS|
TE3UCHI JJOKJIAJIOB

ExcnepuMeHTaIbHO-TEOPETHYHI JOCTIKEHHS! KOHCTPYKTHBHO-
aHi30TPONHUX KOHCTPYKIUii il BIVINBOM TeMIlepaTypu

Jlioomuna I'anonosa
XapKiBChKHUI HAIlIOHAIBHUI YHIBEPCUTET MICBKOTO TocnogapceTBa imeHi O.M. beketoBa

gaplyudmila@gmail.com orcid.org/ 0000-0002-6038-2624

Bukonanuii aHayli3 KOHCTPYKTHBHOIO DIIIEHHS TEPMIYHO HEOTHOPIMHOI KOHCTPYKIIIi;
MIPOBE/ICHO YHCEIbHE M EKCIIEPUMEHTAIbHE IOCTIDKCHHS, aHaji3 TEIUIOTEeXHIYHUX MapaMeTpiB;
po3poOKa  KOHCTPYKTUBHHX pIIICHb, CIPSIMOBAHWX HA TOJIMIICHHS ITOKa3HUKIB TEIUIOBOT
HaAIHHOCTI KOHCTPYKIii. OO0’ €KT NOCTIIKEHHSI — KOHCTPYKTUBHO-aHI30TPOITHA TUTUTA.

ExcniepuMmeHTanbHe IOCTIKEHHS TeMIlepaTypHHUX moiiB. [lin yac ekcrmepuMeHTy, B 00’ eMi
KJIIMaTUYHOI Kamepu Oynu 3abe3nedeHi METeOpOJIOTIYHI MapameTpH, siKi BIANOBIAAIM AiMCHUM
YMOBaM €KcILTyaTallii oropo/KyBaibHOT KOHCTPYKLii. KOHCTpyKTHMBHO-aHI30TPOIIHA [IMTA

Meta  J0OCHIUKEHHS — BHU3HA4€HHS YCEPEJHEHOro TEPMIUYHOIO  ONOpy  3paska,
eKCIIepUMEHTaIbHE BUBYEHHS PO3NOALTY TeMIepaTyp Y XapakTepHUX 30HaX K BCEpeluHi, Tak 1 Ha
MOBEPXHI KOHCTPYKLIi 3 TOYKM 30py BU3HAUEHHS MOXKJIMBUX 30H IPOMEp3aHHS 1 KOHJIEHcalil
BOJIOTH.

BunpoOyBanHs mnpoBoauiaucs B KIIMaTHuYHIA Kamepi Ha 0asi Jyiabopatopii Kadenpu
oyaiBenbHUX KOHCTpYyKUid XHYMI im. O.M. bekeroa. JlocnimKyBaHHi 3pa30K po3TalllOByBaBCs
TOPU30HTAJIBHO MK BEPXHIM 1 HHKHIM B1JICIKAMU KJIIMAaTUYHOI KaMepaMu, B IKUX MIATPUMYBAIIUCS
3aJjaHl TeMIepaTypu MOBITPSIHOTO CEpPeOBHIA 1 YMOBH TEIUIOOOMIHY Ha MOBEPXHAX 3paska. [laHi
eKCIIEpUMEHTAIbHUX  JIOCHIPKEHb aNpPOKCHUMOBAHI METOJAOM MaTeMaTHYHOi CTAaTUCTHUKH, Y
pe3yabTaTi 4Yoro OTPUMAaHE pPIBHSAHHSA TEMIIEPAaTypHOrO TMPOrpiBy KOHCTPYKLII Ha 30BHIMIHIN
MOBEPXHi, B 3aJIEKHOCTI BiJl 4acy:

VY cBOO Yepry, piBHSHHS TEMIEpAaTypHOTO MPOrpiBy KOHCTPYKIIT HA BHYTPIIIHIN MOBEpPXHI.
BukoHaH1 NOCHIUKEHHS Jald MOXJIMBICTb PO3POOMTH KOHCTPYKTHBHI 3aXOJy, CIPSIMOBaHI Ha
3MEHIICHHS TEMIIEpPaTypHOi HEOMHOPIMHOCTI. Tak  BCTaHOBIIEHa HEOOXIJHICTh 301JIbIIEHHS
TOBIIMHU KOHCTPYKHiI 70 300MM 1 po3MIlEHHS MIHOMOJICTUPOJIBHOTO BKJIAAMILA PO3MIpOM
20x20 MM Ha apMaTypi B 30H1 6€TOHHOTO pedpa i3 30BHIIIHBOT CTOPOHU KOHCTPYKIII.

Jlnst Okl KOPEKTHOTO aHaji3y moOyaoBaHa TPUBUMIpHA CKIHYEHHO-EIEMEHTHAa MOJIENb
KOHCTPYKIIii, 10 JI03BOJISIE BUPIIIYBaTH TEMIIEPATYpHY 3aJlauy B CTAI[lOHAPHUX 1 HECTalllOHApHUX
yMOBaXx.

Mopnens cknaganacs 3 142940 ckiHUEHHUX €JIE€MEHTIB, NMPU LbOMY, KUIBKICTb BY3IIB —
439067.

[Ipn uymcenpbHOMY pillIEHHI 3a7adyl NpuiiManucd Takl BXiAHI AaHi: koediuieHT Ilyaccona
o6erony 0,17, xoedillieHT KOHBEKTHMBHOIO  TEIUIOOOMIHY Ha  BHYTPIIIHIA  MOBEpXHI

@,,=8,7 Br/M?°C; Ha 30BHimHiil moBepxHi mpmitmManocs @, =23 Br/mM?°C i 3agaBanacs ymoBa

TEIUIOBIAJla4i BUIPOMIHIOBAHHAM Yy HAaBKOJHIIHE CEPEJOBUIIE y BHUIVIAAL KoedilieHTa
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BunpoMinoBanHg 0,85. Kiimatuuni mnapamMeTpu HaBKOJHMIIHBOTO CEPEIOBHUINA 3aaBAJIACS
BIJIIIOBITHO 10 TEMIIEPATYPHUX XapAaKTEPUCTUK KITIMATUYHUX PAOHIB YKpaiHH.

AmHaii3 4HMCeNnbHUX IOCHIKeHb CBIMYUTH MPO T€, IO MPUUHATI KOHCTPYKTHUBHI PIlICHHS
JOLTBHI Ta BHMpaBiaHi: mpyu Temmepatypi 3oBHimHporo mositps 0°C Ha BHYTpimHii moBepxHi
KOHCTPYKIIi TeMnepaTypa MPaKTHYHO HE 3MIHUTHCS Ta 3AJIMIIUTHCS B MEXax 24,5°C, B Toii *e yac
Py TEMIIEpaTypl 3O0BHINIHHOTO TMOBITPS — 23°C na BHYTPIIIHIN TOBEpXHI TemIeparypa
3MEHIINUTHLCSI 0 21,10C, mo nponyctumo 3a BuMoramu JIBH B.2.6-31:2016 «TemoBa i30ms11is
OyxiBenb». MozentoBaHHsI TPAaHUYHUX YMOB TEIUIOOOMIHY Ha MOBEPXHSIX 3paska 3/1HCHIOBAIOCS
M0/Ia4Y€I0 PeryIbOBAHUX MOTOKIB MOBITPS, HA IIISAXY SKHUX BCTAHOBJIIOBAIMCS CHCTEMHU HarpiBaHHS
Ta OXOJOKEHHS.

VY TOl ke yYac, YuceNlbHI PO3paxyHKH TEMIEPaTypHHUX MOJIB MPU BHCOKUX TEMIIepaTypax B
apXiTeKTypHO-OyAiBENIbHUX KIIMaTUYHHUX pailoHax YKpaiHU AEMOHCTPYIOTh BiICYTHICTh BIUIUBY Ha
YMOBH TEIUIOOOMiHY ycepeauHi npuMimeHHs. Tak npu TeMnepaTypi HaBKOJIMIIHBOTO CEpeIOBHUINA
+41°C pi3HuILA MK TEMIIEPATYPOIO Ha 3arajibHil IJIONI MOBEPXHI KOHCTPYKIIIT i TEMIIEpaTyporo Ha
peopi sxopeTkocTi cknagae 3°C, 110 MIJIKOM JI0MYCTUMO 32 CAHITAPHO-TIri€HIYHUMU HOPMAMH.

[Tpu 3anmpornoHoBaHili KOHCTPYKTUBHIN cXxeMi, a00 MpU yMOBI CTBOPEHHS LIAPy TEPMOT30IISIIIT
3 crieniajgbHOI CyMillli, Ili KOHCTPYKIIiT MatOTh MOYJIMBICTh BUKOPHUCTOBYBATHUCS SIK OTOPOKYBAIbHI
(B OCHTB BEIMKOMY iHTepBali TeMIIEPaTyp 30BHIIHBOrO MOBiTpst: -23°C<T<+41°C).

Knwouogi cnosa: ekcriepuMeHTAIbHO-TEOPETUYHI TOCIIKEHHSI, KOHCTPYKTHBHO-aHI30TPOITHI
KOHCTPYKIIii, KJIIMaTU4HI BIUTHBH.

Experimental and theoretical studies of the use of structurally anisotropic
structures at temperature

Haponova Liudmyla
Kharkiv National University of Municipal Economy named after Beketov
gaplyudmila@gmail.com orcid.org/ 0000-0002-6038-2624

There has been analyzed the structural solution of a thermally heterogeneous structure; made
numerical and experimental study, analysis of heat engineering parameters; developed structural
solutions to improve the parameters of the structure thermal reliability. A structurally anisotropic
plate is the object of the study.

Experimental study of the temperature patterns. During the experiment, in the climatic cabinet
there were provided meteorological parameters which get in line with the actual operating
conditions of the enclosing structure. Structurally anisotropic plate

The purpose of the study is to determine the average sample thermal resistance,
experimentally study the temperatures distribution in peculiar areas, both inside and on the surface
of the structure, in terms of determination of the possible areas of freezing and moisture
condensation.

The tests were made in a climatic cabinet at the premises of the laboratory of the Department
of Building Structures of Kharkov National University of Municipal Economy named after
Beketov. The study sample was placed horizontally between the upper and lower compartments of
the climatic cabinet, where the set air temperature and the heat exchange conditions on the sample
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surfaces were kept. The data of the experimental studies have been approximated using the
mathematical statistics method. As a result there has been received the equation for the structural
heating on the outer surface - depending on time - and the equation for the structural heating on the
inner surface. These studies helped to develop structural provisions to reduce the thermal
inhomogeneity. Thus, there has been found the need to increase the thickness of the structure to 300
mm and place a 20x20 mm polystyrene foam insert on the reinforcement in the area of the concrete
rib on the outside of the structure. To make more correct analysis, a three-dimensional finite
element model of the structure has been built making it possible to solve the temperature problem
both in steady and non-steady-state condition.

The model is made up of 142940 finite elements and the number of nods is 439067.

When solving the problem in terms of numbers, the following input data were considered: the
Poisson ratio of concrete was 0.17; coefficient of convective heat exchange on the inner surface =
8.7 W/m? °C; on the outer surface it was = 23 W/m? °C and the condition of radiation heat transfer
to the environment has been set in the form of an emission coefficient of 0.85. The climatic
variables of the environment have been set based on the temperature characteristics of the climatic
regions of Ukraine.

Having analyzed a great number of studies it has been found that the accepted structural
solutions are reasonable and justified: at the ambient air temperature of 0°C on the inner surface of
the structure the temperature will change little and remain within 24,5°C; at the same time at the
ambient air temperature of - 23°C on the inner surface the temperature will reduce to 21,1°C that
corresponds to the requirements of DBN B.2.6-31: 2016 Thermal building insulation.The boundary
conditions of heat exchange on the surfaces of the sample was modeled by delivering controlled air
flows, on the way of which there were installed heating and cooling systems.

However, numerous calculations of temperature patterns at high temperatures in architectural
and construction climatic regions of Ukraine show that there is no influence on the conditions of
heat exchange inside the premise. Thus, at the ambient air temperature of + 41°C, the difference
between the temperature on the total surface area of the structure and the temperature on the rib is 3
°C that corresponds to the sanitation and hygiene standards.

If using the offered structural scheme or if a layer of thermal insulation from a special mixture
is created, these structures can be used as enclosing ones (in a sufficiently great range of the
ambient air temperature: -23°C<T< + 41°C).

Key words: experimental and theoretical studies, structurally anisotropic structures, climatic
effects.

IKCIMEPUMEHTATBLHO-TEOPEeTHYECKHE NCCIeIOBAHUNA KOHCTPYKTUBHO-
AHU30TPONHBIX KOHCTPYKUMH MO BO3AeHCTBHEM TeMIIepaTypbl

JIrwomuna I'anonoea

XapbKOBCKUI HAIIMOHAJIbHBIA YHUBEPCUTET FOPOICKOr0 Xo3siiictBa uMeHH A.M.bekeToBa
gaplyudmila@gmail.com orcid.org/ 0000-0002-6038-2624
BbIlONHEHHBIM  aHaIW3  KOHCTPYKTUBHOIO  PEIICHHMS  TEPMUYECKH  HEOJHOPOLHOU

KOHCTPYKIIMU; TMPOBEACHO YHCIEHHOE M  OJKCHEPUMEHTAIbHOE  HUCCJIEJAOBaHUE, aHaJU3
TEIUIOTEXHUYECKUX MapaMeTpoB; pa3paboTKa KOHCTPYKTHUBHBIX pEIIEHUH, HalpaBiICHHBIX Ha
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YVIIy4IICHUE TIOKa3aTelied TeIUIOBOM HAIASKHOCTH KOHCTpYKIHMH. OOBEKT HCCICIOBaHHUS -
KOHCTPYKTUBHO-aHU30TPOIIHAs IUIUTA.

OKCIIEpUMEHTAJIBHOE HCCIIEJOBAHUE TEMIIEPATypHBIX IOJIEH: BO BpPEMs SKCIIEPUMEHTA, B
o0beMe KIMMATHYECKOW KaMepbl ObUIM O0ECIeYeHbl METEOPOJIOTMYECKHE MapaMeTphl, KOTOpHIE
OTBEUAIM  JICHCTBUTENIBHBIM  YCJIOBMSIM  3KCIUIyaTallUM  OTpaXKJarolleldl  KOHCTPYKLMH.
KoHCTpYKTHBHO-aHU30TPOITHAS [T

Lesnp uccnenoBaHus - ONpeeIeHue YCPEAHEHHOr0 TEPMUYECKOTO COIPOTHUBIIEHHs 00pa3La,
HKCIEPUMEHTAIbHOE M3YUYECHUE pacHpesiesieHHs] TeMIepaTyp B XapaKTEepHbIX 30HaX, KaK BHYTPH,
TaK ¥ Ha IIOBEPXHOCTU KOHCTPYKLUU C TOUKH 3PEHUS ONpeAETICHUs BO3MOXKHBIX 30H IIPOMEpP3aHUs
Y KOH/ICHCAIlMU BJIary.

VcnplTanus TpOBOMWIKMCH B KIMMAaTHYECKOW Kamepe Ha 0Oasze maboparopuu Kadeapsl
crpoutenbHblx KoHCTpyKuuidh XHYMI™ um. A.H. bekeroBa. Mccnenyemslii o0pasel; pacnosaraics
TOPU30HTAJIBHO MEXAY BEPXHUM M HWKHUM OTCEKaMU KIMMAaTHYECKOM KaMepaMmM, B KOTOPBIX
HOJICP)KUBAIMCh 3aJlaHHblEe TeMIepaTypbl BO3AYIIHOM cpelbl M YCIOBHMs TEIUIOOOMEHa Ha
MOBEPXHOCTAX o0Opa3ua. JlaHHble 5SKCIEPUMEHTAIbHBIX HCCIEIOBaHUI aNNpOKCUMHUPOBAHbBI
METOJOM  MaTeMaTHYeCKOM CTAaTHUCTUKU, B pe3yJbTaTe 4Yero IOJIy4eHHOE YypaBHEHUE
TeMIIepaTypHOro MPOrpeBa KOHCTPYKIIMU Ha BHEIIHEH MOBEPXHOCTH, B 3aBUCUMOCTH OT BPEMEHH U
yYpaBHEHHE TEMIIEPATYPHOIO NMPOrpeBa KOHCTPYKIMU HA BHYTPEHHEW MOBEPXHOCTH. BhINonHeHHbIE
WCCIICIOBAHMSI MTO3BOJIMIIM pa3paboTaTh KOHCTPYKTHBHBIE MEpPHI, HAIPABICHHBIC HA YMEHBIICHUE
TEMIIEPATYpPHOH HEOJHOPOJHOCTH. Tak yCTaHOBJIEHAa HEOOXOAMMOCTb YBEIUYEHHS TOJIIUHBI
KOHCTpyKUuu 10 300 MM U pa3MeleHus] NEHOMOJIUCTUPOIBHOrO BKiIaAbima pazmMepoM 20x20 MM
Ha apMarype B 30He OETOHHOro pedpa ¢ BHEIIHEH CTOPOHBI KOHCTPYKLIUU

s Oonee KOPPEKTHOTO aHalM3a MOCTPOEHAa TpeXMEpHash KOHEYHO-3JIEMEHTHas MOJIeINb
KOHCTPYKLIMM, KOTOpas TMO3BOJSET pelarh TeMIepaTypHyl 33Jady B CTallUOHAPHBIX U
HECTAIMOHAPHBIX YCIOBUSX.

Mogens coctosina u3 142940 KOHEUHBIX 3JIEMEHTOB, IIPU ITOM KOJIMUYECTBO y3710B - 439067.

[Ipy yucieHHOM pelleHnu 3a7auyd MPUHUMAINCh TaKWe BXOJHBIE JaHHBbIE: KOA((ULIHEHT
Ilyaccona 6erona 0,17; ko3¢ (ULIMEHT KOHBEKTUBHOI'O TEIJIO0OMEHA Ha BHYTPEHHEN OBEPXHOCTH
= 8,7 Br/ M* ° C; Ha BHeIIHeH MMOBEPXHOCTH TIpHUHUMAaNIoch = 23 Bt/ M*°C U 3a1aBanach yCIIOBHE
TEIUIOOT/IaYM M3JIyYEeHUEM B OKpPYXKAIOUIyI0 cpeny B Bujae kodddurnumenta wuznyuenus 0,85.
Knumatndeckue mapaMeTpbl OKpYXKaroLeil cpesbl 3a1aBalich B COOTBETCTBUU C TEMIIEPATYpPHBIX
XapaKTePUCTHK KIMMATHYECKHX PalOHOB YKpauHBbI.

AHanmu3 MHOTOYHUCIIEHHBIX HCCIIEOBAaHUM CBUJETENbCTBYIOT O TOM, UTO IPHUHATHIE
KOHCTPYKTHUBHBIE PEIIECHHs 11eJIecCO00pa3HbI M ONPaBJaHHbL: IPU TEMIIepaType Hapy>KHOTO BO3/1yXa
0°C Ha BHYTpEHHEH MOBEPXHOCTH KOHCTPYKIMH TEMIIEpaTypa NpAKTHYECKH HE H3MEHHTCS H
OCTaHETCs B Ipenesnax 24,5°C, B TO XKe BpeMs IIPU TEMIEpAType HapyKHOI'O BO3ayXa - 23°C Ha
BHYTPEHHEHN IMOBEPXHOCTH TEMIIEpaTypa YMEHBIINUTCA A0 21,1°C, uro JOTYCTUMO T10 TpeOOBaHUAM
JIbH B.2.6-31: 2016 «TemmoBas wu3onsauus 30aHAW». MoJeaMpoBaHWE TI'PAHUYHBIX YCIOBUHI
TEINIOOOMEHa Ha MOBEPXHOCTAX 00pas3la OCYLIECTBISUIOCHh IOAa4Yel peryJupyeMblX IOTOKOB
BO3/yXa, Ha MyTH KOTOPBIX YCTAHABIMBAIUCH CUCTEMbI HarpeBa M OXJIaXKACHUS.

B TO e BpeMs, MHOTOYMCIEHHBIE pacyeTbl TEeMIEpPaTypHBIX IMOJEH MpH BBICOKHX
TeMIeparypax B  apXUTEKTYpPHO-CTPOMTENBHBIX  KIMMAaTHYECKUX  paloHaXx  YKpauHbI
J€MOHCTPUPYIOT OTCYTCTBHE BIIMSIHUSI Ha YCJOBHS TEMJIOOOMEHa BHYTpPHU MOMeIleHus. Tak mpu
TeMIeparype okpyxkamomei cpenpl + 41°C pasHuna Mexay TeMIeparypoil Ha OOIuel Iuiomanu
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MOBEPXHOCTH KOHCTPYKIMHM M TEMIIEPATYpOH Ha pedpe KecTKocTu cocTapisgeT 3°C, uTo BIIOIHE
JOMYCTUMO IO CAHUTAPHO-TUTHEHUYECKUM HOPMaM.

[Io npennoXeHHOW KOHCTPYKTMBHOM CXeMe, WM TMpPU YCIOBHM CO3JaHUS  CIIOS
TEPMOU3OJISIUU C CHEHUATBbHON CMECH, 3TH KOHCTPYKIIMU MUMEIOT BO3MOXKHOCTh HCIIOJIb30BATHCA
KaK orpaxziaromue (B JOCTATOYHO OOJBIIOM HHTEpBAJE TEMIIEpATyp HApYyKHOTO BO3AyXa: -
23°C<T< +41°C).

Knrouesvie cnosa. OKCIICPUMCHTAJIBHO-TCOPCTUUCCKHUE HCCICAOBaHNA, KOHCTPYKTHBHO-
AHU30TPOIIHBIC KOHCTPYKIUH, KIMMATHYCCKUC BO3HCﬁCTBHH.

OuiHka ITMHAMIYHMX XaPAKTEPUCTHK OyaiBe/ib MicJIA BIUIMBY 3HAYHUX
HepiBHOMIPHHUX AedopMalliii 0CHOBH

Henuc Xoxnin
KuiBchkuii HallioHaIbHUM yHIBEpCUTET OYAIBHUITBA 1 apXITEKTYpH
den_a_khokh@meta.ua, orcid.org/0000-0002-0128-8515

HeoOxigHi 0cobIuBOCTI BpaxyBaHHs OCHOBHU MpPH JTWHAMIYHHX po3paxyHKax (6e3 moOymoBu
MacUBY CKIHYEHHX €JIEMEHTIB IPYHTY OCHOBH) KaM’STHUX a00 1HIIUX >KOPCTKUX OyiBeNb CYyTTEBO
3ajekaTh Bl HampsMy Jii KoiuBaHHS. [ AMHAMIYHOTO PO3paxyHKY 3 METOH0 BiJOOpa)KEeHHs
HATYpHUX BUMIPIOBaHb TUHAMIYHHUX XapaKTEPUCTUK OyIiBelb MPH MIKPOCEHCMIYHHMX BIUIMBAX
OUTBII TOYHHUM €, SK NPaBUIIO, 3aCTOCYBaHHS KBAa3IMOCTIHHUX 3HAUY€Hb TUMYACOBUX CTATUYHHX
HAaBaHTAXEHb, a TaKOX TOYaTKOBUX MOJYNIB (TpyxKHOCTI) MarepianiB. OpieHTHpOM ISt
HEOOXIHOCTI KOpEeKUii Mojenl A AMHAMIYHOTO PpO3paxyHKy Mae OyTHM 3HA4yHE BIJIXWJICHHS
BU3HAYCHUX PO3PAaXyHKOM TIepiONiB BJIACHUX KOJIMBAaHb CHCTEMH BiJl THUIIOBHX 3HAYCHb,
BU3HAUEHUX HATYpHO JIJIS aHANOTIYHUX Oy/iBenb. PO3BUTOK MOMIKOKEHb KaM’sHOI OyiBii Bif
3HaYHUX HEPIBHOMIpPHUX Jedopmalii OCHOBHM MiABHILYe Mepiogu ii BIACHUX KOJHMBaHb, SKE
BIJINIOBIJJa€ 3HMIKEHHIO JKOPCTKOCTI KaM’sHMX KOHCTpykuii Ha 20...30% y mOpiBHAHHI 3
HETOIIKO/PKEHUMH.

IIpy 1pOMy HE cHil 3aCTOCOBYBAaTH TaKe 3HID)KEHHS JKOPCTKICHMX MapaMeTpiB HpHu
pO3paxyHKy y HampsiMi OyAiBil B IUIaHI, MEHII TMOIIKOKEHOMY BiJl nAedopmariiif, a TakoxX JIst
MTOBHOI[IHHO BITHOBJICHUX KOHCTPYKIIIN.

CyrreBe (Oonpbmie 10...15%) miaBUIIEHHS MEPIOAIB OCHOBHUX TOHIB BJIACHUX KOJWBAaHb
BiIOYBAa€ThCSA JI1 MAaJONOBEPXOBUX JKOPCTKUX OyAiBENb MPU 3HUKEHHI >KOPCTKOCTI AUISHOK
ocHOBH 710 65% Bin moudatkoBoro. Ilpu minBuIEeHHI THYYKOCTi OyJiBii Ta AJs BUCHIUX (OpPM
BJIACHUX KOJIMBAaHb BIUIMB TAKOT'O OCIA0JIEHHS € CYTTEBO MEHIIINM.

Knwuoegi cnosa. Celicmika, HepiBHOMIpHI Aedopmariii, OyIiBii, AMHAMIYHI XapaKTEePUCTUKH.

Estimation of building dynamic characteristics after base substantial differential
settlements influence

Denys Khokhlin
Kyiv National University of Construction and Architecture,
den_a_khokh@meta.ua, orcid.org/0000-0002-0128-851
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The necessary features of basis accounting for dynamical calculations (without base soil finite
elements modelling) of masonry or other stiff buildings depend heavily on the direction in which
the oscillation acts. The application of quasi-quiescent values of temporary static loads, as well as
initial modules (elasticity) of materials, for dynamic calculation with the purpose of actual
measurements of the dynamic buildings characteristics under microseismic influences is more
accurate.

Significant deviation of the calculated periods of system natural oscillations from the typical
values, measured in-situ for similar buildings, has to be an orientation for the dynamic model
correction necessity. The damage elaboration at a masonry building from significant differential
settlements of base increases the periods of building own oscillations correspondingly to decrease in
the rigidity of masonry structures by 20 ... 30% in comparison with intact ones. It should not be
used such reduction of the rigid parameters when calculating in the direction of building in terms of
less damaged from deformations, as well as for fully reconstructed structures. Substantial (more
than 10...15%) increase in the periods of the main tones of building own oscillations occurs for low-
rise rigid buildings with decrease in the stiffness of soil base to 65% of the initial.

The effect of this attenuation is significantly smaller with increasing flexibility of a building
or for higher forms of natural oscillations.

Key words. Seismic, differential settlements, building, dynamic characteristics.

OuneHka TMHAMHUYECKUX XaPAKTEPUCTUK 3AAHNH MOCJIe BIUAHNS 3HAYNUTEIbHBIX
HepPaBHOMEPHBIX AedopManuil OCHOBAHUA

Menuc Xoxnun
KueBckuil HallMOHAIBHBIN YHUBEPCUTET CTPOUTENILCTBA U APXUTEKTYPHI,

den_a_khokh@meta.ua, orcid.org/0000-0002-0128-8515

HeoOxonumMble 0COOEHHOCTHM YydeTa OCHOBaHHMS TIpH JUHAMHYEKCHX pacuerax (0e3
IIOCTPOCHHSI MacCHBa KOHEUHBIX JJIEMEHTOB I'DyHTa OCHOBAHUS) KAMEHHBIX WJIM APYTHX >KECTKHX
3/TaHUH CYIIECTBEHHO 3aBUCAT OT HalpaBlIeHUs JIeicTBUS KosnebaHus. J{s TMHaMUYecKoro pacyera
C ILeNbl0 OTOOpaXKEHUS HATYpHBIX H3MEPEHUH JUHAMUYECKUX XapaKTepUCTUK 3JaHUil mpu
MHUKPOCEHCMUYECKMX BIMAHUAX Oojiee TOYHBIM SBISETCA, Kak IpaBWIO, MpPHUMEHEHHE
KBa3UIIOCTOSHHBIX 3HAUEHUN BPEMEHHBIX CTATUYECKUX HArpy30K, a Tak e HadaJbHbIX MOIyJei
(ynpyrocTtu) MaTepHanos.

OpueHTHpOM /17151 HEOOXOIUMOCTH KOPPEKIIUU MOJIETH JUIsl AMHAMUYECKOT0 pacyeTa JOKHO
ObITh 3HAUUTEILHOE OTKJIOHEHHE OMNPEIEIICHHBIX PACUETOB IMEPHOJOB COOCTBEHHBIX KoseOaHUil
CHUCTEMBI OT THIIOBBIX 3HAYEHMH, M3MEPEHHBIX HATYypHO /Js aHAJIOIMYHBIX 37aHMi. Pa3Burtume
MOBPEXJCHUH KaMEHHOIO 3[aHHMs OT 3HAYMTEIbHBIX HEPABHOMEPHBIX JepopMaluil OCHOBAHHUS
YBEIUYMBAET IEPHUOAbI €ro COOCTBEHHBIX KOJIEOAHUH COOTBETCTBEHHO CHIDKEHHUIO >KECTKOCTH
KaMEHHbIX KOoHCTpykuui Ha 20...30% B cpaBHEHMM C HENOBPEXKACHHbIMU. lIpu 3TOM HE cnemyeT
IIPUMEHSTh TAaKOE CHUKEHHME JKECTKOCHBIX IapaMEeTpOB NPU pacdyeTe B HAIPABICHUU 3JaHUS B
IUIaHe, MEHee MOBPEXACHHBIM OT JedopManuid, a Tak K€ JJI1 MOJHOLIEHHO BOCCTaHOBJIEHHBIX
KOHCTPYKIIHH.

CymectBennoe (6omee 10...15%) yBenuueHue MEpUOIOB OCHOBHBIX TOHOB COCOCTBEHHBIX
KoJIEOaHUH MPOUCXOAUT JUISl MAJIO3TAXKHBIX JKECTKUX 3[JAaHUN MPH CHUXKEHUU JKECTKOCTH y4acTKOB
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ocHOBaHMS 70 65% oT HavanpHOTO. [IpH MOBBINIEHNN THOKOCTH 3IaHUS WIIA JIJIsi 00Jiee BBICOKHMX
(hopM COOCTBEHHBIX KOJICOAHHH BIMSHAE TAKOTO OCIA0ICHUS SBIISCTCS CYIIECTBEHHO MEHBIIIHM.

Kniouegvie cnosa. CelicMuka, HEpaBHOMEpHbIe aAehOpMalluM, 3[aHUS, JUHAMHYECKHE
XapaKTEPUCTHUKHU.

Metoauka BusHavyeHHs aegopmaniii repmonossyuocti B IIK JIIPA-CAIIP

Onvea bawuncoka
HamionanbHuii aBianiiHui yHiBEpCHUTET,
olchikO1@ukr.net, https://orcid.0000-0002-4161-782X

JlomoBib TNPHUCBSYEHA JOCTIHDKEHHIO HAIMpy)KEeHO-Ie(OPMOBAHOTO CTaHy OCTOHHHX 1
3a11300€TOHHUX KOHCTPYKIIN 3 ypaXyBaHHSM TepMomnoi3ydecTi. HaBeneHo OCHOBHI piBHSHHS AJs
3HAXOKEHHS TEpMiuHOi (YHKIII MOB3y4OCTi, a TaKOX aJNrOpUTM peaiizanii 004YHCICHHS
TeMIEpaTypHUX Jjaedopmamiii MOB3y4OCTI 3a JOMOMOTOK0 METOAYy CKIHUYEHHUX eJICMCHTIB.
PosrnsHyro mpomec moOymoBH KOMITIOTEPHOT MO KOHCTPYKIi 1 aHaji3 HampyKeHO-
neGopMOBaHOTO CTaHy MPH 3MiHI TEMIIEPATYPHOTO PEKUMY EKCILTyaTallii.

[Ipy migBuIeHHI TemmepaTypd, B KOHCTPYKIISX IOYMHAIOTH pPO3BHBATHCA JedopMarltii
TepMoronsydecti. ToMy mpu 3HaXOMKEHHI MOBHUX Jedopmaliiii copyn HEoOXiTHO 000B'SI3KOBO
BpaxoByBaTH BIUIUB Temreparypu. Y mnporpamHoMy komiuiekci «JIIPA-CAIIP» peanizoBana
METOJIMKA PO3paxyHKy OyIiBelb 1 CHOpPYA 3 YpaxyBaHHSM 3MIHU TEMIEPATYpPHOTO PEXUMY
eKcIuTyaTarfii.

Metonuka BU3HauUeHHS JAedopmaliiii TepMOION3ydecTi Mojisirae B HacTynHoMmy. Y (i3u4HO
HEeNHIMHUX 3a3JayaX MEXaHIYHl XapaKTepUCTHUKU MarepiaiiB, SKI BHU3HAYAIOTHCS MATPHUIICIO

IPY>KHOCTI [D] , SBISOThC PyHKIisMu KomrionenTi nepemimienb [D]=[D({e})]=[D({g})]. osna
nutoma naedopmaiiist OyAb-sIKOTO TLIa B MOMEHT 4acy t CKJIQJa€eThCs 13 CyMU MPYKHOMHUTTEBOI
nepopmanii 1 nedopmanii moe3ydocti. ToMy MaTpHIsl HTPYKHOCTI [D]z [D({q})] IPUIMAETHCS
3aJIe)KHOI0 B1Jl Koeilli€HTa MOB3Yy4OCTI ¢(t,t'), KU Bl1oOpa)kae B A3KOMNPYKHI BJIACTHUBOCTI
Marepiany.

SIBumie TepMiuHOI B'SI3KONPYXKHOCTI XapaKTEPU3YEThCS THUM, IO IIBUIKICTH JedopMarii
MOB3YyYOCT] 3aJIeKUTh HE TUIBKH BiJ] BCi€l nmepezicTopii nedopMyBanHs, a i Big Temneparypu. s
BUPIIICHHS TaKOTr'0 3aBJIaHHs KOe(ilI€HT MOB3y4YOCTI ¢(t,t') MOBUHEH 3aJIeXKaTH BiJ 4yacy, 3MiHU

JESKNX XapaKTEPUCTUK OETOHY 1 TeMITepaTypH.
Jlanuii MeTon 703BOJIsiE BU3HAUMTH 3MIHY XapaKTEPUCTHUK KOPCTKOCTI €IEMEHTIB 1 3HalTH
NOBHI1 feopMaltii KOHCTPYKIIT 3 ypaxyBaHHSAM 3MiHH TeMIEpaTypHUX YMOB €KCILTyaTarlii.

Knwuosi  cnoea: TtepMomonsydyecTb, ympyromiactuueckue —nedopmanii,  ¢pizuuHa
HETIHINHICTD.
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Thermal creep strains determination methodin the SP LIRA-CAD

Olha Bashynska
National Aviation University,
olchikO1@ukr.net, https://orcid.0000-0002-4161-782X

The report is devoted to the study of the stress-strain state of concrete and reinforced concrete
structures with regard to thermal creep. The basic equations to find the thermal creep function are
given, as well as an algorithm for realizing the calculation of temperature creep strains by the finite
element method. The process of creation a computer model of a structure and the analysis of stress-
strain state with change of temperature regime of operation are considered.

The procedure to determine the deformation of thermal creep is as follows. In physically
nonlinear problems, the mechanical characteristics of materials, which are determined by the elastic

matrix [D], are functions of the displacement components [D]=[D({e})]=[D({a})]. The total
specific deformation of any body at time t consists of the sum of elastic deformation and creep
deformation. Therefore, the elasticity matrix [D]=[D({q})] is assumed to be dependent on the
creep coefficient ¢(t,t') , which reflects the viscoelastic properties of the material.

The phenomenon of thermal viscoelasticity is characterized by the fact that the rate of creep
deformation depends not only on the entire prehistory of deformation, but also on temperature. To
solve a similar problem, the creep coefficient ¢(t,t') must depend on the time, the changes in

some characteristics of the concrete and temperature.

This method makes it possible to determine the change in the stiffness characteristics of the
elements and to find complete deformations of the structure taking into account changes in the
temperature operating conditions.

Key words: thermal creep, elastoplastic deformations, physical nonlinearity.
MeTtoauka onpeaesenus nepopmanuii repmonoszydectu B [IK JIUPA-CAITP
Onvea bawmunckasn

HanmonansHbIN aBUAMOHHBIA YHUBEPCHUTET,

olchikO1@ukr.net, https://orcid.0000-0002-4161-782X

JlokJia MOCBSIIIIEH UCCIIeI0BAaHUIO HANPSKEHHO-AEPOPMUPOBAHHOTO COCTOSIHUS OETOHHBIX U
KEJIe300€TOHHBIX KOHCTPYKIUN ¢ yuy€ToM Tepmornon3ydecT. [IpuBeeHbl OCHOBHbIE YpaBHEHHS
JUTSL HAXOXKICHUS] TEpMUYECKON (DYHKIIMU MOJ3Y4ECTH, a TAKXKe allTOPUTM pealli3allii BEIUYMCICHUS
TEMIIEPATypHbIX JAepopManuii MOJ3y4ecTH MpH MOMOILIM METO/Ja KOHEYHBIX JIIEMEHTOB.
PaccmoTtpen mpoliecc MOCTpOEHMsI KOMIIBIOTEPHONM MOJEIN KOHCTPYKLMH M aHAJIN3 HaIpPsKEHHO-
1e(GOpMHUPOBAHHOTO COCTOSIHUS MPU U3MEHEHUH TEMIIEPaTypPHOT0 peKuMa dKCILUTyaTalllu.

[Ipy mOBBIIEHUH TEMIEparypbl, B KOHCTPYKLHUSAX HAUYMHAIOT pa3BUBAThCS JedopManuu
TepMornon3ydectu. [1oaToMy mpu HaxOXIEHHM TMOJIHBIX JAedopMaiiii coopyXeHHi HeoOX0IuMO
00s13aTeIbHO YUUTHIBaTh BIWsHUE TemrepaTypsl. B mporpammuom komiuiekce «JIMPA-CAIIP»
pealln30BaHa METOAMKA pacyeTa 3JaHUN U COOPYKEHUH C Yy4eTOM H3MEHEHHs TEMIIEPaTypHOIO
pEeKMMa KCILTyaTaluH.
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Meroauka ompezaeneHust aAeGopMalnii TEPMOIIOI3YUYECTH 3aKJIIOYaeTcss B cleayronieM. B
(bu3MYeCKM HENMHEHWHBIX 3aJadaX MEXaHUYEeCKHE XapaKTePUCTHKH MAaTepHalIOB, KOTOPHIE

ONPEIEISIOTCS MATPHUIIEH YIIPyrocTn [D], ABISIFOTCS. (DYHKIUSAMH KOMIIOHEHTOB TI€PEMEIICHHUIH
[D]=[D({e})]=[D({a})]. Honnas ynenbnas nedopmamust M0GOro Tena B MOMEHT BpeMmeHH t
COCTOUT M3 CyMMBbI YIIPyrOMTHOBEHHOM jgedopmaiuu W aedopManuu mnonsydect. IlosTomy
MaTpulla YIpyrocTu [D]z[D({q})] NPUHUMAETCs 3aBUCHMOHM 0T Kod(dduumenra momsydectu
¢(t, t') , KOTOPBIH 0TOOpaKaeT BA3KOYNPYTUE CBOMCTBA MaTepUaa.

SIBIIeHME TEPMUYECKON BA3KOYIPYTOCTH XaPAKTEPU3UPYETCS TEM, YTO CKOPOCTh JehopMaIiuu
MOJ3YYECTH 3aBHCHT HE TOJBKO OT BCEM MPEBICTOPUH A€(GOPMHUPOBAHUS, HO M OT TEMIIEPATYPHL.
Jiis penieHus mogo0HOM 3a1a9u KOG (UIMEHT MOJI3Yy4eCTH ¢(t, t') JIOJKEH 3aBUCETh OT BPEMEHH,

M3MEHEHHS HEKOTOPBIX XapaKTePUCTUK OETOHA U TEMIIEPaTypHI.

JlaHHBII METOJ TIO3BOJISET ONIPEACIIUTD U3MEHEHUE KECTKOCTHBIX XapaKTEPUCTUK JJIEMEHTOB
U HaliTu mosHble OedopMaldy KOHCTPYKLHH C YYETOM H3MEHEHHs TEeMIIePaTypHBIX YCIOBHH
JKCILTyaTalUu.

Kniouesvle cnoea. TepMOIION3ydYeCTh, yHpyrormiactudeckue aedopmanmm, Qusmgeckas
HEJIUHENHOCTB.

3acTocyBaHHSI HAHOPO3MIPHHUX BYyIJIEEBUX PEYOBHH I MOAMpikawii
HEeMEHTHUX KOMIIO3ULiHHUX MaTepiaJiiB creniajibHOr0 NPU3HAYEHHS

Mapuna Cyxaneeuu
KuiBcbkuii HalioHaJIBHUM yHIBEpCUTET OyIIBHULITBA 1 apXITEKTYPH,
m.suhanevich@ukr.net, https://orcid.0000-0002-9644-2852X

JIonoBi/ib NPUCBAYEHA MOXIIMBOCTI BUKOPUCTaHHS BYIJIELIEBUX HaHOMATepialiB TyOyJIspHOT
Ta MIacTUHYaToi (OpMH y SIKOCTI 100aBOK, 110 MOAU(DIKYIOTh CTPYKTYPY LIEMEHTHHX KOMIIO3HTIB.
PoGoramu OaraThbOX aBTOpIB INOKAa3aHO IO3UTUBHUN JOCBIJI BUKOPHCTAHHS HaHOMAaTeplaliB 3
METOI0 TOKpAIIeHHsS TPaJAMLIMHUX XapaKTEpPUCTUK LIEMEHTIB Ta OETOHIB, a TaKOXX HaJaaHHIO 1M
MPUHLIMIIOBO HOBUX BiacTuBocTeil. IIpoTe 30UIBIIEHHS MIHOCTI KOMIIO3MTIB 3alMIIA€THCS
He3HayHUM (710 25%) , 110 HE MOXKE BUIpaBIaTH BUKOPUCTAHHS JT00ABOK TaKOi BUCOKOI BapTOCTI
JUIi MacoBOoro OyaiBHUITBA. ToMy po3poOKa TEXHOJIOTIH BUKOPUCTAHHS OUIbII JEIIeBUX
BYIJICLIEBUX HaHOMAaTepialiB pi3HOI GOpPMHU Ta ONTHUMI3ALlis TEXHOJIOTIT iX BBEJCHHS B KOMIIO3UTH €
BKpail akTyaJlbHOIO MPo0IeMOI0 oJiepaHHs OyIiBEeIbHUX MaTepiajiB CHeliaJbHOr0 MPU3HAYECHHS,
B TOMY YHCJI T1APOi30IALIMHUX.

Y sdKkocTi HaHoOMarepialiB  (po3Mipu 1...100°10°m) BUKOPHUCTOBYBQJIM  HEOUHILEHI
OaraTomapoBi BYTJElEeBI HAHOTPYOKHM Ta TEpMOpPO3IIMpPEHHH TrpadiT y BUIIIAAl IUIACTUH
YKpaiHCBKOTO BUPOOHUIITBA. Byrienesi HaHOM00aBKM BBOJWIIN 110 CKJIATy IIEMEHTY K CKJIAJIOBY
KOMIUIEKCHOT ~ JO00aBKM Ha OCHOBI pI3HUX IuTacTH(IKATOpiB:  JITHOCYJIb(POHATHOTO Ta
MenaMiH(popManbIeriiHoro TumiB. BMict TpyOok/miacTuH y miaacTu(ikaTopi KOJUBABCS B MexXax
Bix 0,25% 1o 1%. CtabinbHICTh AUcTepciid BUSBUIACH IOCTATHBO BHUCOKOIO, IO BifoOpa3uiock y
BIJICYTHOCTI OCiIaHHSI BYTJICLIEBHUX DPEUYOBHUH MPOTATOM | POKY HE3aJeKHO BiJl IX BMICTY: JAJS
HaHotpy6ok (0,5...1 mac%.), mns wanommactua (0,25...0,5M.%). [Ipu npomy crocrepiranocs
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MIJIBUIIICHHS. aKTUBHOCTI MoOAMQiKOBaHOTO IuiacTudikaropa, Mpo IMIO CBIAYATh 30UTHIICHHS
IHTEeHCUBHOCTI JIiHI{ Ha iIHQPAYEPBOHUX CIEKTPOTrpaMax.

HocnimkeHHst (Qi3MKO-MEXaHIYHUX BIACTHBOCTEH IIEMEHTHX KOMIIO3WIIA  IOKa3alo, IO
MIIHICTh TPU CTHCKY 3paskiB 30utbmryeTbcs Ha 37...40% mnpu  BBemenni 0,025...0,5 mac.%
BYIJICLIEBOTO HAaHOMOJU(UKaTOpa 3aleXHO B Gopmu (TpyOku abo0 MIACTUHH), a MILHICTh MpU
3ruHi - Ha 20%.

BukopucranHs y SIKOCTI B’SDKy40oi PEYOBHHHU IIEMEHTY 3 JI00AaBKOIO JOMEHHOTO IIIaKy
cCrpusie MiABUIIEHHIO €(PEKTBHOCTI BUKOPUCTAaHHS HaHOMoaMQikaropa B OUIBIIN Mipi:  Tak,
MIIHICTh TIPH CTUCKY 3pOCia BABIYi, MOPIBHSAHO 31 3pa3kaMu 0e3 HaHOJI00ABOK, a MPH 3THMHI — Ha
40%. OrpumaHi pe3ylbTaTd MOXKJIUBO TMOSCHUTH 30UIBIICHHSM KIJTBKOCTI Ta JUCHEPCHOCTI
TeJIEBUTHUX HU3bKOOCHOBHUX TIAPOCHIIIKATIB KaJbIifo, 3 SKUX (OPMYETbCS XAOTUYHO
pO3TaoBaHi TOJKONOAiOHI BOJIOKHHCTI (hazu. OcTaHHI MIKpOapMylOTh IITYYHHUH KaMiHb y BCIX
HanpsAMKax Ta MiABHIYIOTh HOro AedopMaTiBHI BiracTUBOCTI. KpiM TOTO0, CIOCTEpIiraeThCcst CHHTE3
MiABUILEHOI KiJIbKOCTI HOBOYTBOPEHb, SIKI KOJIBMATYIOTh MOPH IITYYHOTO KAMEHS Ta ITiBUIIYIOThH
HOro  BOJAOHENPOHUKHICTh. OTpuMaHi  HAHOMOJW(DIKOBAaHI  KOMIIO3MTH  IEPCIICKTHBHO
3aCTOCOBYBATH JUIsI OJCPIKAHHS TiIPOI30JIAIHHUX PO3YHMHIB NMPOHUKHOI Ta MOBEPXHEBOI Iii yis
3aXUCTY Ta BiAHOBICHHS OCTOHHHX 1 3a11300€TOHHUX KOHCTPYKIIiil.

Knwouesvie cnosa:. wanomatepianv, BYTJCLEBI HAHOTPYOKH, TEpMOpPO3MIMpEHHH rpadir,
[IEMEHTHI KOMITO3UIIi1, T1ApOi30IsLiiHI MaTepiaiu, MIIHICTb, 1e(OPMaTHBHICTB.

Use of nano-sized carbon substances for the modification of
cement composite materials for special purposes

Maryna Sukhanevych
Kyiv National University of Construction and Architecture,
m.suhanevich@ukr.net, https://orcid.0000-0002-9644-2852X

The report is devoted to the study of the possibility of using carbon nanomaterials of tubular
and plate form as additives modifying the structure of cement composites. The work of many
authors shows a positive experience of using nanomaterials in order to improve the traditional
characteristics of cements and concretes, as well as giving them fundamentally new properties.
However, the increase in the strength of composites remains low (up to 30%), which can not justify
the use of additives of such a high cost for mass construction. Therefore, the development of
technology for the use of cheaper carbon nanomaterials of different shapes and optimization of the
technology of their introduction into composites is a very urgent problem for the production of
construction materials for special purposes, including waterproofing.

As nanomaterials (sizes 1..10010°m), untreated multilayered carbon nanotubes and
thermally expanded graphite in the form of plates of Ukrainian production were used. Carbon
nanotechnologies were introduced into cement as a component of a complex additive based on
various plasticizers: lignosulfonate and melamine formaldehyde types. The content of tubes / plates
in the plasticizer was changed from 0.25% to 1%. The stability of dispersions of the plasticizer is
turned out to be quite high, which affected the absence of subsidence of nanosubstances in the
course of 1 year, regardless of their number: for nanotubes (0.5 ... 1 wt.%), for nanoplasts (0.25 ...
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0.5m.% ). In this case, the activity of the modified plasticizer increases, as evidenced by an increase
in the intensity of the lines on infrared spectrograms.

The study of the physical and mechanical properties of cement compositions showed that the
compressive strength of the samples increased by 37 ... 40% with the introduction of 0.025 ... 0.5%
by weight of the carbon nanomodifier, depending on the shape (tube or plate), and the bending
strength by 20% . Use as cementitious cement with the addition of blast-furnace slag contributes to
increasing the efficiency of using nanomodifier in a greater degree: thus, compressive strength has
doubled compared to samples without nanoadditives, and when bending by 40%. The results
obtained can be explained by an increase in the amount and dispersion of gel-like low-basic calcium
hydrosilicates, from which chaotically arranged needle-shaped fibrous phases are formed. The latter
are microreinforced artificial stone in all directions and increase its deformative properties. In
addition, there is a synthesis of an increased number of tumors that colmatize the pores of the
artificial stone and increase its water resistance.

The obtained nanomodified composites are promising for use in the preparation of
waterproofing mortars of penetrating and surface types for the protection and restoration of concrete
and reinforced concrete structures.

Key words: nanomaterials, carbon nanotubes, thermally expanded graphite, cement
compositions, waterproofing materials, strength, deformability.

HNcnonb30BaHue HAHOPa3MEPHBIX YIJIEPOAHBIX BelIeCTB 1 MoAnpUKannu
HEeMEHTHBIX KOMIIO3UIIHOHHBIX MATEPHAJIOB CIIEIHAIBHOI0 HA3HAYCHU S

Mapuna Cyxaneeuu
KueBckuil HallMOHAIBHBIN YHUBEPCUTET CTPOUTENIBCTBA U APXUTEKTYPHI,

m.suhanevich@ukr.net, https://orcid.0000-0002-9644-2852X

JlokJiag MOCBSIIEH U3YYEHHUIO BO3MOXKHOCTH MCIOJIb30BaHUS YIJIEPOIHBIX HAaHOMATEpHAJIOB
TyOyNnsipHOM ¥ MJIacTUHYaTOM (OpMBI B KadecTBe J00aBOK, MOIUMULHPYIOUIUX CTPYKTYPY
LIEMEHTHBIX KOMIIO3UTOB. PaboTaMy MHOTHX aBTOPOB MOKa3aH IMO3UTUBHBIN OINBIT NCHOJB30BAHUS
HaHOMaTEepHaJIOB C IEJbI0 YIYYIIEHHUS TPAJUIMOHHBIX XapaKTEPUCTUK IIEMEHTOB M OETOHOB, a
TaKXke MPUAAHUI0 UM TPUHIMIHAAIGHO HOBBIX CBOWCTB. OnHAaKO YyBEIMYEHHE MPOYHOCTU
KOMIIO3UTOB OcTaeTcsi HeBbICOKOH (10 30%), 4TO HE MOXKET ONpaBbIBaTh UCIIOIb30BaHUE 100aBOK
TaKOM BBICOKOH CTOMMOCTH IUIi MaccoBOIO CTpoHTeNbcTBA. lloaTOMy pa3paboTka TEXHOJIOTHU
UCIIOJIb30BaHUsl OoJiee NEMIEBBIX YIIEPOAHBIX HaHOMATEpUAIOB Pa3sHOW (OPMBI M ONTHUMH3ALIIO
TEXHOJIOTUU MX BBEJIECHUS B KOMIIO3UTHI SIBJISIETCS OYEHb aKTyalbHOW MPOOIeMOMN Ui MOTYyYEeHUS
CTPOMTENBHBIX MaTepuanoa ClelHalbHOT0 Ha3HAUYEHHUs, B TOM YHCIIE THIPOU3OIISIIIMOHHBIX.

B kadectBe HaHOMaTepuasioB (pa3Mepsl 1...100'10'9M) HCMOJIb30BAJIM  HEOUYHUILICHHBIC
MHOTOCJIONHBIE yIJIepOJHbIE HAHOTPYOKM UM TEpPMOpACIIMPEHHBIH rpaduT B BUAE IUIACTUH
YKPaMHCKOTO TIPOM3BOJCTBA. YTJEPOAHBIE HAHOBEIIECTBA BBOAWIM B COCTaB IEMEHTa  Kak
COCTABIISIIOLIYI0  KOMILJIEKCHOM  JTOOAaBKM Ha  OCHOBE  pAa3jMYHBIX  IUIACTH(HUKATOPOB:
JUTHOCYIB(OHATHOTO U MenaMuHpopMmanbaeruaHoro tunoB. CoaepxkaHue TpyOOK/IUIAaCTHH B
wiactugukarope u3mMeHsmu ot 0,25% 1o 1%. CtaOunbHOCTh AMCHEPCHI OKa3anach JTOCTaTOYHO
BBICOKOM, YTO OTpa3WjoCh Ha OTCYTCTBHM OCEJAaHMsS HAHOBEIIECTB Ha MposbkeHuH | rona,
HE3aBHCUMO OT HX KoiuyecTBa: s HaHOTpyOok (0,5...1 w™mac%.), i  HaHOIMJIACTHH
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(0,25...0,5M.%). Ilpu >TOM MOBBIMIAETCS AKTUBHOCTH MOAM(PHUIIMPOBAHHOTO IUIacTU(UKATOPA, O
YeM CBUICTEIIbCTBYET YBEIMUCHHE HHTCHCUBHOCTH JIMHUIA Ha MH(PAKPACHBIX CIIEKTPOTpaMMax.

W3yuenne (U3NKO-MEXaHUYECKHX CBOMCTB IIEMEHTBIX KOMIO3HMIUI [I0Ka3aJio, 4TO
MPOYHOCTh MPHU CXKATUU 00pa3noB yBenmuumiach Ha 37...40% mnpu BBemenuu 0,025...0,5 mac.%
YIIEPOJHOTO HAHOMOJU(PHUKATOPA B 3aBUCUMOCTH OT (DOPMBI (TpyOKHM MIIM TUIACTHHBI), @ TPOYHOCTD
npu u3rube - Ha 20%. VMcnonb3oBaHne B Ka4eCTBE BSDKYIIETO IIEMEHTa ¢ J100aBKOW JOMEHHOTO
[Ulaka CHOCOOCTBYET TMOBBIMICHUIO A(G(EKTUBHOCTH HCIOJIB30BaHUA HaHOMOAM(HUKATOpa B
0oJIbIlel CTENEeHU: TaK, MPOYHOCTh MPU CKATUU YBEIMYHWIIACh BIBOE IO CPABHEHMIO ¢ 0Opa3laMu
06e3 HaHOmoOaBok, a mpu usrube — Ha 40%. IlomydyeHHble pe3ynbTaThl MOXKHO OOBSCHUTH
YBEJIMUEHUEM KOJIMYECTBA W JIUCIEPCHOCTH TEJIEBUAHBIX HU3KOOCHOBHBIX TMIPOCUIIMKATOB
KaJbIHsL, U3 KOTOPHIX (OPMHUPYIOTCS XAOTUYHO PACIIOIOKEHHBIE HUIJIONOJ00HBIE BOJOKHUCTHIC
¢a3bl. [locneqare MUMKPOAPMUPYIOT HCKYCCTBEHHBIH KaMEHb BO BCEX HAIPABJICHUSX U TOBBIIIAIOT
ero nedopmatuBHBIE cBoicTBa. Kpome TOro, HaOmIOZaeTcsi CHMHTE3 MOBBIIIEHHOTO KOJMYECTBA
HOBOOOpA30BaHUN, KOTOPHIE KOJIBMATUPYIOT MOPbI HCKYCCTBEHHOTO KaMHS M TIOBBIMIAIOT €ro
BOZIOHENpOHUIIaeMOcTh. [loydeHHble HaHOMOAU(DHUIIMPOBAHHBIE KOMIO3UTHI MEPCIEKTHUBHO
UCIONIb30BAaTh  NPU  TONYYEHUH  TUAPOM3OISALMOHHBIX  PACTBOPOB  IMPOHUKAIOIIETO U
MOBEPXHOCTHOTO THIIOB Ui 3alllUThl U BOCCTAHOBIEHUS OETOHHBIX M >KeIe300€TOHHBIX
KOHCTPYKLIHH.

Knrouegwvie cnosa: HanomaTepuaibl, yriepoHble HAHOTPYOKH, TEPMOpACIIUPEHHBIN rpadur,
LIEMEHTHbIE KOMIIO3UIIMH, THIPOU30JISILIMOHHbBIE MaTEPUAJIbl, IPOYHOCT, 1€()OPMAaTUBHOCTD.

IIpakTHYHi po3paxyHKH 3a/1i300€TOHHUX KOHCTPYKUIN B HEeJiHIMHIA MOCTAHOBLI
B IIK JIIPA-CAIIP. Metoa «IHKeHepHa HEeJiHIHHICTbY»

Onexcanop I' opodeubkuﬁl, Mapia li’apaﬁam2
LTOB «JIUPA CAIIP,
! https://orcid.org/0000-0003-2157-521X, 2bmari@ukr.net https://orcid.org/0000-0002-1070-7654

VY nomnoBial HpoONoOHYeTbCs MeTon «lHXkeHepHa HemiHiHICTHY. [IpencraBienuit meron
JI03BOJISI€ BUBHAYUTH 3HIKEH1 KOPCTKICHI XapaKTEPUCTUKH Mepepi3y, 00yMOBIIEH] OSIBOIO TPIIIMH,
MOB3YYiCTIO OETOHY Ta apMaTypH.

Meton «IH)xeHepHa HeNiHIHHICTB», 3 OAHOro OOKY, J03BOJISIE OLIBII TOYHO BpPaXxOBYBAaTH
PO3MOALT JKOPCTKOCTEH, 3 1HIIOr0 OOKY, 3a TEXHOJIOTIEI MPAKTHUYHO AHAJOTIYHUHN TpaIuliitHUM
METOJIaM PO3PaxyHKy B JiHIWHIN MOCTaHOBI, TOOTO JO3BOJII€E BUKOHATH PO3PAXyHOK Ha BCi
HaBaHTaxeHHs, orpuMati PC3 1 PCH, ninbip apmatypu i KOHCTpYIOBaHHS.

[ToB3y4icTh, TPIIMHU Ta iHII crienrudiuyHl 0COOIMBOCTI 3a11300€TOHY 00YMOBIIIOIOTH 3MIHY
KOPCTKICTHUX XapaKTEPUCTHK EJIEMEHTIB BXKE Ha PAaHHIX e€Tanax HaBaHTAXKCHHs, BKIIOYAIOYH 1
eKcIuTyaTariiiny craairo. lle mpu3BoauTh 10 MEpepo3MOALTY 3YCHIIb, 3HAYHOMY 301TBIICHHEIO
NepeMillleHb y TOpIBHSAHHI 3 JIIHIHHO-TIPY’KHUM po3paxyHkoM. HopmaTtuBHI OKyMEHTH
pErIamMeHTyIoTh BpaxoByBaTH I gakTopu. Tak, B psal HOPMATHUBIB PEKOMEHAYETHCS MPOBOIAUTH
PO3paxyHOK 3 ypaxyBaHHsIM ¢iznuHoi HemiHiHOCTI. IIporpamuuit kommiekc JIIPA-CAIIP nanae
MOJIMBICTh 1HXKEHEPY BHKOHYBATH Taki po3paxyHkd. OJHaK, pPO3PaxyHOK KOHCTPYKLIH 3
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ypaxyBaHHsIM (pi3uuHOT HeTiHIHHOCTI [1,2] B cTporoMmy MaTeMaTHYHOMY PO3YMIiHHI IIbOTO MPOIECY

IIPU BUKOPUCTAHHI B MACOBHUX 1H)KEHEPHUX PO3PaxXyHKAX Ma€ PsiJ HEJOMIKIB:

® PpO3paxyHOK BUKOHYETHCS TIJIBKH Ha OJJHE 200 JEKUIbKA IMTOCIIIJOBHUX HAaBAHTAXKCHbD,

® MOTPiOHI BEJNMKI PeCypCOBUTPATH - KPOKOBUI METOJ] 00YMOBIIIOE HEOOXIIHICTH OaraTopa3oBoro
pILIEHHS CUCTEM JIiHEapU30BaHUX PIBHSHb,

e HEOOXiZHO ToIepeaHe 3aJaHHs apMarTypu (AiaMeTpu 1 po3TallyBaHHS) B KOXHOMY THepepisi

CTep>KHs 200 MIACTUHYACTOTO eJIEMEHTA.

Meron «IHeHepHa HEIIHIHHICTBY, 3 OJTHOTO OOKYy, OOIYHO BpaxoBye (pakTopw HENMHIHHOT
po6oTH 3aI1i300€TOHY, 3 1HIIOTO OOKY, HE MOPYIIyE 3BUYHY TPATUIIHHY TEXHOJOTIIO PO3PaXyHKY.
Merto nosnisirae B HACTYITHOMY

1. 3anaerbcs «BU3HAYAbHE HABAHTAKEHHS, SIKE, HA IYMKY iH)KCHEpa, B OCHOBHOMY BH3HAUa€
HJIC xoucTpykii (pO3BUTOK TPIIKH, IJIaCTUYHI AedopMariii OeToHy i apMaTypH).

2. TlpoBamuTbcs TMOMEpeHIN pPO3paXyHOK Ha «BU3HAYAIBHE HABAaHTAXKCHHS» B (I3HYHO
HETHIHHIA TOCTaHOBIII.

3. B pesynprari momepenHporo po3paxyHKy Ha ocHOBi orpumanoro HJ/IC crepkneBoro i
IJIACTUHYACTOTO €JIeMEHTa BU3SHAYAIOTHCS BIJIIOBI/IHI dKOPCTKOCTI.

4. BUKOHYeTbCSA TpaAULIMHUNA PO3PAXYHOK KOHCTPYKIIiI, €IEMEHTH SKOi MalOTh >KOPCTKICHI
XapaKTePUCTHKH, BH3HAYCHI B PE3yJbTaTi MONEPEIHBOIO PO3PaXyHKY. TpaauiiiiHuii po3paxyHOK
BHKOHYETHCS Ha BeCh Ha0ip HaBaHTa)XCHb (BJIacHA Bara, KOPMCHE HaBaHTAXKCHHsI, CEHiCMiKa Ta iH.),
Crxirananas PC3 a6o PCH, min6ip abo mepeBipKy mepepisiB CTepKHIB 3113006 TOHHHUX CIIEMEHTIB,
KOHCTPYIOBAHHS.

Kniwwuosi cnosea: HenmiHiHI po3paxyHKH, 3ali300€TOHHI KOHCTPYKIIIi, TUIaCTUYHI
nedopmariiii, )KOPCTKICHI XapaKTEPUCTUKHI

Nonlinear analyses of RC structures with LIRA-SAPR program.
‘Engineering Nonlinearity’ Concept

Alexander Gorodetsky’, Maria Barabash?,
L2 LIRA SAPR Ltd.,
Yhttps://orcid.org/0000-0003-2157-521X, bmari@ukr.net https://orcid.org/0000-0002-1070-7654,

The paper presents the ‘engineering nonlinearity’ concept. This concept is introduced to
determine the reduced stiffness parameters of the section due to crack propagation, creep of
concrete and reinforcement.

On the one hand, ‘Engineering nonlinearity’ method enables the user to consider distribution
of stiffness more accurately. On the other hand, in technology, this method is practically identical to
standard linear analysis, that is, it enables the user to carry out analysis on all loads, obtain DCF and
DCL, analyse reinforcement and design.

Creep, cracks and other specific features of reinforced concrete cause a change in stiffness
parameters of elements at the early stages of loading, including the maintenance stage as well. This
causes redistribution of forces, significant increase in displacements compared with linear elastic
analysis. According to regulatory documents, these factors should be considered. For example, in
several standards it is recommended to carry out physically nonlinear analysis. In LIRA-SAPR

22


https://orcid.org/0000-0003-2157-521X
mailto:bmari@ukr.net

program the engineer could carry out such analyses. However, physically nonlinear analysis [1, 2]
(in the strict mathematical sense of this process, when it is used in popular engineering analyses)
has several drawbacks:

« analysis is carried out only for one or several consecutive load cases;

* great resources are required - the step-type method requires multiple solution of linearized
equations;

« it is necessary to pre-set reinforcement (diameters and pattern) in each section of bar or plate
element.

The ‘Engineering nonlinearity’ method indirectly considers nonlinear behaviour of reinforced
concrete and, at the same time, it does not violate the standard analysis procedure. The method
includes the following procedures:

1. ‘Characteristic load case’ is defined; the user considers that this load case determines
the stress-strain state of the structure (crack propagation, plastic strain of concrete and
reinforcement).

2. Preliminary physically nonlinear analysis is carried out for the ‘characteristic load
case’.

3. Appropriate stiffness values are determined after preliminary analysis based on
stress-strain state of bar and plate element.

4. Standard analysis of the structure is carried out. Elements of the structure have

stiffness parameters determined as a result of preliminary analysis. Standard analysis is carried out
for the whole set of loads (dead weight, live load, earthquake, etc.). DCF or DCL are composed.
The program selects and checks cross-sections of RC elements, then design procedure is carried out.

Keywords: nonlinear calculations, reinforced concrete structures, plastic deformations,
stiffness characteristics

IIpakTHyeckue pacuyersl Keae300€TOHHBIX KOHCTPYKIUMA B HEJIMHEHHOU
nocranoBke B [IK JIUPA-CAIIP. Metroa «HkKeHepHAasi HEJTMHEITHOCTb)»

Anexcanop I opOOeukuﬁl, Mapus B’apaﬁam2

12000 «JTUPA CATIP,
1. bmari@ukr.net, https://orcid.org/0000-0002-1070-7654, https://orcid.org/0000-0003-2157-521X

B noknage mpemmaraeTcs METON «MH)KEHEpHash HEIMHEHHOCTh». [lpencraBisieMblii MeTO.
IIO3BOJISICT OHpe)IeJII/ITB IIOHN>XCHHBIC JKECTKOCTHBIC XapaKTepI/ICTI/IKI/I CCUCHUA,
00yCIIOBIICHHBIE TIOSIBJIEHUEM TPEIIHH, MTOJI3y4eCThI0 OETOHA U apMaTyPhI.

Meron «MHXeHepHass HEIMHEHHOCTHhY», C OJIHOM CTOPOHBI, IMO3BOJIsAET Oo0Jiee TOYHO
YUHUTBIBATh PACHPENEICHUE KECTKOCTEH, C JPYrod CTOPOHBI IO TEXHOJIOTMH HPAKTUYECKU
AQHAJIOTUYEH TPAJAULIMOHHBIM METOJaM pacuera B JIMHEWHOW IIOCTAHOBKE, T.€. IIO3BOJISIET
BHITIOTHUTH pacdyeT Ha Bce HarpyxkeHus, nomyuntb PCY u PCH, moxgbop apmatypsl u
KOHCTPYHUPOBAHHE.

[Tom3ydyectb, TpemMHBI ©  Jpyrue crnenuduueckue OCOOSHHOCTH  Kele300eToHa
00yCITaBIMBAIOT WU3MEHEHHE >KECTKOCTHBIX XapaKTePUCTHUK DJIEMEHTOB YK€ Ha pPaHHMX JTarax
Harpy>kKeHus, BKJIIOYas MU SKCIUIyaTallAOHHYIO CTaJHI0. JTO NPUBOJIUT K TMepepacrpeneieHUuo
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YCUIMM, 3HAYUTEIbHOMY YBEIUYEHUIO NEPEMEIICHUH 10 CpPaBHEHUIO C JIMHEHHO-yNpYrum
pacueroM. HopmaTuBHBIE TOKYMEHTHI PETJIAMEHTHPYIOT YUYHMTHIBaTh 3TH (hakTopel. Tak, B psie
HOPMAaTHBOB PEKOMEHyETCsl IPOBOUTH PACUET C yUeTOM (PU3NUECKON HETMHEHHOCTH.

IIporpammusiil kommiexke JIMPA-CAIIP npenocTaBiseT BO3MOXHOCTh MH)KEHEPY BBIIIOJIHATh
tTakue pacyersl. OIHAKO, pacueT KOHCTPYKIMH ¢ y4deroM (u3nueckol HenmuHewHoctu [1,2] B
CTPOIrOM MAaTE€MaTHMYeCKOM IOHUMAaHHUU 3TOro Ipolecca IpHU HCIONb30BAHUM B MAacCOBBIX
MH)KEHEPHBIX pacueTax UMeeT psij HeAOCTATKOB!

. pacyeT BBINOJHSETCS TOJIBKO HA OJHO WM HECKOJIBKO TOCIIEI0BATEIbHBIX
Harpy>KeHuMu;
o TpeOyroTcss OoNbIIME pecypco3aTpaThl — IIArOBBIM  MeTOA  00yclaBIHMBaeT

HE00X0AMMOCTh MHOTOKPATHOTO PEIICHHUS CUCTEM JINHEAPU30BaHHBIX YPAaBHEHUH;
. He0o0X0IMMO TpeABapUTENIbHOE 3aJlaHue apMaTyphl (IUaMETpPhl U PACIIOJIOKEHHUE) B
Ka)KJIOM CEYEHUH CTEPKHS MJIU IUIACTUHYATOTO MJIEMEHTA.

Meton «mxeHepHas HETMHEHHOCTb», C OJHOW CTOPOHBI, KOCBEHHO YYHUTHIBAeT (HDaKTOPHI
HEJIMHEHHOH paboTHI jkene300eToHa, C IPYTroil CTOPOHBI, HE HapyIIaeT MPUBBIYHYIO TPATUIIHOHHYIO
TEXHOJIOTHIO pacuyeTa. MeToa COCTOUT B CIIEAYIOLIEM:

1. Bagaerca «ompenensoniee Harpy:KeHHue», KOTOpoe, M0 MHEHHUIO MH)XEHEpa, B OCHOBHOM
onpeaensier HJC koHcTpykuuu (pa3BUTHE TpEUIMH, IJIacTHUeckue nedopmanuu OeToHAa U
apMaryphl).

2. [IponsBoanTCS IPEIBAPUTEIBHBINA pacueT Ha «OMpEAETAIoNiee HarpyKeHHe» B (pU3rnuecKu
HEJIMHEHHOMN MOCTaHOBKE.

3. B pesynbrare mpenBapuTelbHOTO pacdera Ha ocHoBe monyderHoro HJIC crepkHeBoro u
IIJJACTUHYATOrO 3JIEMEHTA ONPEIEIAIOTCS COOTBETCTBYIOIINE KECTKOCTH.

4. BpolmonHsAeTcs TPAaTUIMOHHBI pacdyeT KOHCTPYKLHHU, OJIIEMEHThl KOTOPOH HMEIOT
YKECTKOCTHBIE XapaKTEPUCTUKHU, ONIPEAEIIEHHBIE B PE3YJIbTATE MPEABAPUTEIBHOIO paCUETa.

TpaauIMOHHBI pacyeT BBINONHSIETCS HAa BECh HA0Op HarpykeHuid (CoOCTBEHHBIH Bec,
TMoJIe3Hast Harpy3Ka, ceiicMuka u fap.), cocrasienue PCY unu PCH, nmon6op uinu mpoBepky ceueHuit
CTepIKHEH Kes1e300€TOHHBIX 3JIEMEHTOB, KOHCTPYHUPOBAHHE.

Knroueswvie cnosa: HenMHENHbIE PACUETHI, )KEI€300€TOHHBIE KOHCTPYKIMH, TNIACTUYECKHUE
nepopMaium, )KeCTKOCTHbIE XapaKTepUCTUKU

PanionanbHuil BUOIP MeTOAY MiACHICHHSA 3TMHAJIbHUX
3aJ1i300€TOHHUX eJIEMEHTIB

Onexciii ITocmepnax', Makcum Cemennxa’
LK niBchKnit HarfioHaTbHAIH yHIBepcUTeT Oy/IIBHUIITBA Ta apXITEKTypU
!-a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788
2 semenyakamaxim@gmail.com, https://orcid.org/0000-0002-8812-0757
JlonoBiib MpUCBsYEHA MPOOIEeMaMHi BUKOPUCTAHHS PI3HUX METOMIB Ta CIIOCOOIB MiICHIICHHS
3TUHAIBHUX 32113006 TOHHHUX €JIEMEHTIB B Cy4acCHOMY OY/IBHUIITBI.
B octanHi poku oOcary 3acTOCYBaHHS IMiJICHJICHHS 3THHAIBLHUX 3aJ11300€TOHHUX €JIEMEHTIB

3HaYHO 30UTBIIMIIMCH 33 PAaxyHOK 3POCTAaHHS MUTOMOI Bark PEKOHCTPYKIIi OyiiBenb Ta CHOPYI.
IcHylOTh BenHMKa KUIBKICTH CHOCOOIB Ta METOMIB IMiJCHJICHHS 3THHAIBHUX 3alli300€TOHHUX
€JIEMEHTIB.
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Kepyrourch HOpMAaTHBHUMH JTOKyMEHTaMH AYX€ CKJIQJHO BHOpaTH paIliOHATBHUN METO.
MiJCUJICHHS ISl KOHKPETHUX YMOB €KCIUTyaTtallii , BpaxOBYIOUM 3HAUHY KiJBKICTh (DaKTOpiB, L0
0OMEXYIOTh 3aCTOCYBaHHS MEBHOTO MiACHICHHSA. TOMY MPOMOHYETHCS BUKOPUCTOBYBATH METOAUKH
BUOOPY MiICHUIICHHSI.

Ha mepmomy erami Bci cmocoOu MiJCHICHHS HEOOXITHO CHCTEMATH3yBAaTH Ta MOAUIMTH Ha
pi3HI TPy Ta MiArPYIH, MO JO3BOJSIE MEPIIOYSPTOBO BUSHAYMTH MOJKIIMBI METOJM ITiJICHIICHHS.
Ha napyromy erami Bu3Ha4yuTH OCHOBHI (akTOopu Ta KpurTepii BuOopy. Ha Ttperbomy erari
BU3HAYUTHU TEXHOJOTIYHICTD 1 EKOHOMIYHICTB IT1ICHJIEHHS.

Ha octannbomy erarmi KiJIbKICHI TMTOKa3HUKH TEXHOJIOTIYHOCTI Ta €KOHOMIYHOCTI IMiJICUIICHHS
PEKOMEHAYETbCS MpUUMATH 3TiIHO (PAKTUYHMX CTaHy Ta KOHCTPYKTUBHUX pIlIeHb TMIiCIs
PO3paxyHKy Ta BU3HAYEHHS 00CATIB MarepiajiiB Ta poOiT. Aje Ipu BETUKOMY 00Cs31 KOHCTPYKIIN
MiJICWJICHHS BUKOHYBATH 1€ OBOJI CKJIQJHO, TaK SK CIIOCOOM MiACHICHHS MOXKYTh OyTH Pi3HUMH B
Mexax Oy[iBii i MaT OaraTo BapiaHTIB mepepi3iB.

[Hmmit crmoci® BupilIEHHS I[HOTO THMTAHHS, BUKOPHCTOBYBATH YKPYIHEHHI IOKa3HUKH
BapTOCTI Ta TPYIOMICTKOCTI, SIKHA BHUKOPHCTOBYETHCS B ICHYIOUMX METOJHMKaX. AJie BOHH HE
BpPaxoOBYIOTh KIJTbKICHUH BIUIMB PI3HUX YWHHUKIB HAa TEXHIKO-€KOHOMIYHI MMOKa3HHMKH CIIOCOOIB
HiCHiIeHHs. TOMY MPOMOHY€ETHCS BUKOPUCTOBYBATH Oarato(akToOpHi MOJENi TPYAOMICTKOCTI Y, 1
BapTocTi Y,

AHami3 1 y3araJbHEHHS JaHUX IO OOCTEKEHHIO OyHiBEIIbHUX KOHCTPYKIIA O3BOJIB
BU3HAYHUTHU TPYNH (PaKTOpiB, SIKi BIUIMBAIOTH SIKICHO Ta KUIBKICHO HA MIJCHJICHHS B TOMY YHCII Ha
OaraTodakTopHi Mojmeni TpymomicTkocTi Y, 1 BaptocTi Y. s 3ami300eTOHHHX OalOK MOKHA
NPUMHATI Taki OCHOBHI (AKTOpW: TEXHIYHUN CTaH KOHCTPYKIIi Koe(]illieHT 3HOLICHHS Xj;
KOoe]iIieHT 301JIbIIEHHS HECYUOi 3/1aTHOCTI HECYUOi X2, ITTMOMHA MOMIKO/PKEHHS! O€TOHHOI MOBEPXHI
X3; BITHOCHA IUJIOIIA MOLIKO/KEHOT MOBEPXHI €JIEeMEHTA X4 .

3amponoHOBaHa METOJMKA BUOOpPY palliOHATBHOTO METONY MiJICHIIEHHS 3a1i300€TOHHHUX
3TUHAJIBHUX €JIEMEHTIB, 103BOJII€ 3HU3UTH TPYIOMICTKICTb 1 BApTICTh BUKOHAHHS POOIT.

Kniwowuosi cnosa: pexOHCTPYKIis, METOJ MiJICUIECHHS, 3a1300€TOHHI 3TMHAJIbHI €JIEMEHTH
OaraTodakTopHa MOJEIb, TPYAOMICTKICTb.

The rational choice of the method of bending reinforcement
reinforced concrete elements

Olexii Posternak’, Maxim Semenyaka®
L2Kyiv National University of Construction and Architecture

-a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788
2semenyakamaxim@gmail.com, https://orcid.org/0000-0002-8812-0757

The report is devoted to the problems of using different methods and methods of reinforcing
bending reinforced concrete elements in modern construction.

In recent years, the use of reinforcement of bending reinforced concrete elements has
increased significantly due to the growth of the proportion of buildings and structures
reconstruction. There are a large number of methods and methods for reinforcing flexural reinforced
concrete elements.
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Guided by the normative documents it is very difficult to choose a rational method of
amplification for specific operating conditions, taking into account a significant number of factors
limiting the application of a certain gain. Therefore, it is suggested to use methods of selecting an
amplification.

In the first stage, all methods of amplification need to be systematized and divided into
different groups and subgroups, which allows to first determine the possible methods of
amplification. At the second stage, identify the main factors and criteria for choosing. In the third
stage, determine the technology and efficiency of the gain.

At the last stage, it is recommended that the quantitative performance and efficiency gains are
taken according to the actual state and design decisions after calculating and determining the
volumes of materials and work. But with a large amount of reinforcement constructions it is quite
difficult to do, since the ways of amplification can be different within the building and have many
Cross section options.

Another way of addressing this issue is to use aggregated cost and labor cost metrics that are
used in existing techniques. But they do not take into account the quantitative effect of various
factors on the technical and economic indicators of the ways of strengthening. Therefore, it is
proposed to use multi-factor labor models Y; and Y

The analysis and generalization of the data on the survey of building structures allowed to
identify groups of factors that influence qualitatively and quantitatively on the enhancement,
including the multi-factor models of complexity Y; and the cost of Y. For reinforced concrete
beams, the following main factors can be taken into account: the technical state of the construction,
the coefficient of wear X;; coefficient of increase of bearing capacity of the bearing X, depth of
damage to the concrete surface xs; relative area of the damaged surface of element x,.

The proposed method of selecting a rational reinforcement method for reinforced concrete
bending elements, reduces the complexity and cost of work.

Key words: reconstruction, reinforcement method, concrete bending elements, multifactorial
model, complexity.

PanuoHasibHbII BIOOP METOAAa YCUJIEHUS U3rndaeMbIX
JKeJ1e300€TOHHBIX DJIEMEHTOB

. 1 2
Anexceit Ilocmepnax™, Maxkcum Cemensaka

1,2 o o
Kuesckuit HAallMOHAJIbHBIN YHUBCPCUTCT CTPOUTCIILCTBA U APXUTCKTYPhI

! a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788
2 a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788

JlokIaj MOCBSIIEH TPOoOJieMaMu MCTIONIb30BAHMS PA3IMUHBIX METO/IOB M CIIOCOOOB yCUIICHUS
I/I3FI/I6aeMBIX )I(eJ'I6306eTOHHBIX 3JICMCHTOB B COBpeMeHHOM CTpOI/ITeJ'H)CTBe.

B IIOCJIICOAHUEC TOJObI O6T)CMI)I HpI/IMeHeHI/IH YCI/IJ'ICHI/IH H3FI/I63€MI—;IX )I(eJ'Ie306eTOHHI)IX
AJIEMEHTOB 3HAUUTENHHO YBEIMUMIINCH 32 CUET POCTa YIEIBHOTO BeCa PEKOHCTPYKIUHU 3IaHUN U
coopyxennii. CyIecTBYIOT OOJBIIOE KOJHMYECTBO CHOCOOOB M METOJOB YCHUIICHHUS HM3THOAeMBIX
JKeJIe300E€TOHHBIX JJIEMEHTOB.

PyKOBO)ICTBYS[CB HOpMaTI/IBHBIMI/I )IOKYMGHTaMI/I OYCHbL CJIOXKHO BBI6paTI) OHTHMaﬂBHBII)'I
MCETO/ YCI/IJIGHI/IH JJIA KOHerTHBIX yCJIOBI/Iﬁ 3KCHJIyaTaI_[I/II/I, y‘II/ITbIBaH 3HAYUTCJIIBHOC KOJIMYCCTBO
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(haKkTOpOB, OrPAaHMYMBAIONIUX IMPUMEHEHHUE OMpEeeICHHOTO ycuiaeHus. IloaTtomy mnpesmaraercs
UCIOJIb30BaTh METOUKHU BHIOOpA YCUIICHUSI.

Ha nepBom 3tare Bce cmocoObl yCHIICHUsT HE0OXOUMO CUCTEMATH3UPOBATh M Pa3/IeIUTh Ha
pasHbIe TPYIIIBI U TTOATPYIIIHI, YTO IMO3BOJIET B TIEPBYIO OUEPEAb ONMPEACTUTH BOZMOXKHBIE METOIbI
ycuinenusi. Ha BTopom sTame omnpeaenuth OCHOBHBIE (DaKTOphl U KpuTepuu BeIOOpa. Ha Tperbem
dTare ONpPeaeIUTh TEXHOJIOTHYHOCTh U SKOHOMUYHOCTh YCHUIICHHUS.

Ha nocnenHem sTare KOJIWYECTBEHHBIC ITOKA3aTEIM TEXHOJOTHMYHOCTH M 3KOHOMUYHOCTH
YCUJICHUSI PEKOMEHIYeTCsS MPUHUMATh COTJIACHO (DAKTHYECKUX COCTOSHUS W KOHCTPYKTHBHBIX
pelIeHu# Mmocie pacuera u onpeeaeHus 00beMoB MaTepraioB M padboT. Ho npu Gosbiiom oobeme
KOHCTPYKIUN YCHJICHUS! BBITIOJIHSATH 3TO JOBOJBHO CIOXKHO, TaK KaK CIOCOOBI YCHUJICHHSI MOTYT
OBITh Pa3IMYHBIMU B TIPEJIENIax 3JaHMsI © UMETh MHOTO BApHAHTOB CEYCHUI.

Jpyroii croco0 peleHus 3Toro Borpoca, UCIob30BaTh YKPYITHEHUH TTOKA3aTeId CTOMMOCTH
U TPYJOEMKOCTH, KOTOPBIM HCHOJB3YETCA B CYIIECTBYIOIIMX MeToAuKax. Ho OHM He y4HTHIBAIOT
KOJIMYECTBEHHOE BIIMSHUE PA3IMYHBIX (H)AaKTOPOB HA TEXHHUKO-dJKOHOMHYECKHE TMOKA3aTeIH
ycmiienus. [loatoMmy mpeiaraeTcsi UCIOIb30BaTh MHOTO(AKTOPHBIE MOACITH TPYIAOEMKOCTH Y, H
crouMoctH Y,

AHnanu3 u 0000IIEeHNE NaHHBIX MO OOCJIEOBAHUIO CTPOUTENBHBIX KOHCTPYKIUN MO3BOJIUI
OTIPEACIUTEL TPYIIIBI (PAKTOPOB, BIUSIOMINX KAYECTBEHHO W KOJIMYECTBEHHO HA YCHUJICHHE B TOM
YHuCcJie HA MHOTO(AKTOpHBIE MOJAEIU TPYAOEMKOCTH Y, U CTOUMOCTH Y. JlJs >kene300€TOHHBIX
0aOK MOHO TPUHSTHI CIEAYIONUE OCHOBHBIE (PAKTOPBI: TEXHUYECKOE COCTOSIHHE KOHCTPYKIIUU
K03 dUIIMEHT U3HOCca X1; KOO PUIIMEHT yBeTUYeHHsI HeCyIllel CIOCOOHOCTH, HECYIeH Xo, MTyOuHa
MOBPEKACHHSI OCTOHHON TTOBEPXHOCTH X3; OTHOCHUTEIIbHAS IIOMIAAb TOBPESKICHHONW MTOBEPXHOCTH
JJIEMEHTA X4.

[IpennoxxeHHass MeTOAMKa BBIOOpa PpalMOHAILHOTO METOJa YCWJICHHS >KeNe300€TOHHBIX
U3ru0aeMbIX PJIEMEHTOB, TIO3BOJISIET CHU3UTh TPYJOEMKOCTh U CTOMMOCTD BBITIOTHEHUS padoT.

Knrouegvie cnosa: pEeKOHCTPYKIUS, METOJA YCHJIEHUS, >K€lIe300€TOHHbIE HU3rudaeMble
3JI€MEHTBI, MHOTO(aKTOpHAsI MOJIEIh, TPYAOEMKOCTb.

Ouinka HagiHOCTI OyAiBJII HA NPUKJIAAL )KUTI0BOT0 OYAUHKY
1 .o 2
Kamepuna /lucnuuyvka , Banepin Ilepuwakxoe

lHanam)Ho-Hay1<0131/1171 IHCTUTYT aepoIopTiB, ?HartionanbHuii aBiariitamii YHIBEPCHUTET,
'Misslivets777e@ukr.net, https://orcid.org/0000-0001-5496-6968

Amnaiti3 aBapiiHOCTI OyniBenbHUX 00 €KTiB PI3HOTO PiBHS BiAMOBiAAIBHOCTI Ta (QYHKIIOHAIBEHOTO
MPU3HAYEHHSI, O Tpanmuiucs B YKpaini 3 1997 poky 3a CTATUCTUYHUMH JIAHUMH TP TIepepaxyBaHH] TXHbOT
YACTOTH HA CEPE/IHIO KiNBKiCTh aBapiif y pik cranoButh 5X107°. Taka UimbHICTS IOTOKY aBapiii OyiBens Ta
cnopyl B YkpaiHi Maibke B AECATh pa3iB MEpeBUIIYE MOKAa3HUKHM KpaiH 3axigHoi €Bpomnu. Y 3B'3Ky 3i
3HOILICHHSM BEJMKOI KUIBKOCTI Oy/IiBeNb Ta CIOPYI 3pOCTAIOTh 00CATH POOIT 3 IX TEXHIYHOTO OOCTEKEHHSI.
HeoOxignicTe TpoBeNeHHS TakuxX poOIT BUHHMKAE Yy pasi: YCYHEHHS HEIONIKIB, AOMYIIEHHHX NpH
MPOEKTYBaHHI, BUTOTOBJICHHI, OYMIBHMIITBI Ta eKCIUTyartallii OymiBenab, y pasi JKBigalii  HacCIiAKiB
Ha/I3BHYAHUX CHTYaIlill IPUPOJIHBOTO YU TEXHOT'CHHOI'O XapaKTepy, Y pa3i peKOHCTPYKIIT Ta MoJiepHi3arii
OyniBenb, MpU BUSBIECHHI HEOOXIIHOCTI MPOBEJEHHS PEMOHTHHX pOOIT, MpH macnoptu3auii OyniBenb Ta
CTIOpY[, TIPH iX MpHUBATU3AIl Ta iH.

OTxe Ha NEBHOMY e€Tami >HUTTEBOrO LUKy OyaiBial Ta cHOPYAH MNOTPEeOYIOTh JOCTOBIPHOTO
OLIIHIOBAHHS iX TEXHIYHOTO CTaHYy.
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Ha panwmit wac B YkpaiHi TexHidHWI cTaH OymiBii ab0 CHopyaW BH3HAYAETHCS 32  TphoMa
METOJMKAMH, IO PETIIaMEHTYIOThCS BIATOBITHUMH HOPMATUBHUMH JIOKYMEHTaMH.

1. Oninka TexHiyHOro ctany OyniBii 3a (i3udHMM 3HOCOM. TeXHIYHMH CTaH 3a Kiacudikalieo
3TiTHO Ti€i METOAMKH Ma€ I STh OmiHOK: moopuit (3HOC 0...20 %); 3amoBimpHmWIA (3HOC 21...40 %);
He3anoBubHUN (3HOC 41...60 %); crapuii (3HOC 61...80 %); HempunatHuii (3H0C 81...100 %).

2. OniHKa TEXHIYHOro CTaHy KOHCTPYKWiW i OymiBmi 3a kimacudikauiiHUMK o3HaKaMu. TeXHIYHUI
CTaH 3a KiacupikarifHuMA 03HaKaMH Ma€ YOTHUPH OIIHKH: HOPMAIbHUW; 3aIOBIILHUN; HENMPHIATHUN IO
eKCIUTyaTallii; aBapiiHUMH.

3. O1miHKa TeXHIYHOTO CTaHy OYIiBJl JAETHCS 3a pe3yJIbTaTaMH BHUKOHAHHX PO3paxyHKiB. BusHaueHi
BEIMYMHU HampyXeHHs 1 medopmauiii B Hecyuyux eneMeHTax Oy[iBii CHiBCTaBISIFOTHCA 3 MilHICHUMHU
XapakTepUCTUKaMH MaTepialliB KOHCTPYKUi. JlomaTKOBO  aHami3ylOThCS  TEXHIYHI  HapaMeTpH, IO
XapaKTepU3yIOTh OCHOBY.

O06’exTOM gocHimKeHHs: Oyno BUOpaHO YAaCTKOBO pyWHOBaHUH B pe3ynbTaTi aBapii 4-X MOBEPXOBUI
KUTIOBUHA OYTUHOK.

AHaii3 GaKTUIHOTO TEXHIYHOTO CTaHy 00'€KTa BUKOHYBABCS Y YOTHPH ETAIIH.

— mepmuii eran — aHami3 o0'ekta ( BUBYCHHS BHXIJIHUX AAaHUX Ta TMPOEKTHOI JOKYMEHTAIil) Ta
Bi3yallbHE OOCTEIKEHHS;

—IpyTHUil eTam — MPOBEeCHHS HATyPHUX IHCTPYMEHTAIBHHUX JIOCIIKEHb;

—TpeTiii eram — aHaji3 HampyXHO-AeQOPMOBAHOTO CTaHy OO0'€KTa, IEPEeBIPOYHI PO3PaAXyHKH
OyaiBeIbHUX KOHCTPYKIIN Ha MpeIMET MOKIMBOCTI BiTHOBJICHHS 3pYHHOBAaHUX KOHCTPYKIIN Ta MOAAIBIIOL
eKCIUTyaTallii;

—4YeTBEPTHUIl eTall - ONpAIIOBaHHS MPOBEACHUX JOCIHIDKEHb Ta BU3HAUYCHHS (PAKTHYHOTO TEXHIYHOTO
CTaHy 00’€KTa.

B po6oTi po3ropHyTO ONKMCaHO MPOBEACHS KOXKHOTO 3 €TaliB JOCTIKEHHS Ta OTPUMaHi pe3yJbTaTu.
[IpoananizoBaHO NPUYMHM pPYHHYBaHb J>KATIOBOI OyIiBII Ta HaBEJEHO psAA PEKOMEHIAUiil mono ii
BIJIHOBJIEHHS.

Knwowuoei cnosa. HaniiiHicTb, KiNBbKiCHI TOKA3HUKY, (DAaKTUYHUHA TEXHIYHUIN CTaH, pyHHYBaHHS.
Assessment of reliability of the building on the example of a house

Kateryna Lysnytska', Valeriy Pershakov®
L2National aviation university,
Misslivets777e@ukr.net, https://orcid.org/0000-0001-5496-6968

The analysis of accident rate of construction objects of different level of responsibility and
functional purpose in Ukraine from 1997 according to statistical data at transfer of their frequency
to the average number of accidents in a year presents to 5x10-5. Such density of a stream of
accidents of buildings and constructions in Ukraine exceeds indicators of countries of Western
Europe almost ten times. Due to the wear of a large number of buildings and constructions, amounts
of works connected with technical inspection grow. Need of carrying out such works arises in cases:
elimination of the shortcomings allowed at design, production of construction elements and
building, in case of mitigation of consequences of emergency situations of natural or technogenic
character, in case of reconstruction and modernization of buildings, at detection of need of carrying
out repair work, at certification of buildings, at their privatization, etc.
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Therefore, at a certain stage of life cycle of the building need reliable estimation of their
technical condition.

Technical condition of the buildings in this time is defined by according to the three methods
which are regulated by the relevant normative documents in Ukraine.

1. Assessment of technical condition of the building according to the physical wear. The
technical condition classification according to this technique has five estimates: good (wear O ...
20%); satisfactory (wear 21 ... 40%); unsatisfactory (wear 41 ... 60%); old (wear of 61...80%);
useless for exploitation (wear of 81...100%).

2. Assessment of technical condition of buildings on classification signs. The technical
condition according to classification signs has four assessment: normal; satisfactory; useless for
exploitation; emergency.

3. An assessment of technical condition of the building received by results of the executed
calculations. Certain sizes of tension and deformations in the bearing elements are compared with
strength characteristics of materials that were designed. Technical parameters which characterize
the basis are analyzed in addition.

Four-storeyed house has been chosen as object of a research. This building is partially
destroyed as a result of accident.

The analysis of the actual technical condition of an object was made in four stages.

—the first stage - the analysis of an object (studying of basic data and the project
documentation) and visual inspection;

— the second stage - carrying out natural instrumental researches;

— the third stage - the analysis of the tensely-deformed state of an object, test calculations of
building constructions regarding a possibility of renewal of the destroyed designs and further
operation;

— the fourth stage - study of the conducted researches and determination of the actual
technical condition of an object.

Each investigation phase and the received results are in details described in work. The reasons
of destructions of the residential building are analysed and were given a number of
recommendations concerning his restoration.

Keywords: Reliability, quantitative indices, actual technical condition, destruction.
OuneHka HAIEKHOCTH 31aHHMSI HA IPUMeEPeE KUJI0r0 10Ma

1 . 2
Examepuna Jlucnuukaa , Banepuu Ilepuiaxos

1'2y‘-Ie6HO-Hay‘-IHBII71 MHCTUTYT a3pOIIOPTOB
"Misslivets777e@ukr.net, https://orcid.org/0000-0001-5496-6968

AHanmM3 aBapUHOCTH CTPOMUTENIBHBIX OOBEKTOB pAa3HOTO YPOBHS OTBETCTBEHHOCTH W
(YHKIIMOHATBFHOTO Ha3HAYeHUs B YKpauHe 3a nepuos ¢ 1997 rona mo CTaTUCTUYECKUM JTaHHBIM
MIPU IEPEUMCIIEHUN UX YaCTOThI Ha CPeHEEe KOIMUECTBO aBapuid B rof npeacrasiser 5x10-5. Takas
IJIOTHOCTh MOTOKA aBapuil 3JaHUN U COOPYKEHHH B YKpauHE MOYTH B JIECATHh pa3 MPEBBIIIAET
MOKa3zaTenu CTpaH 3amanHoil EBpombl. B cBsi3u ¢ M3HOCOM OONBIIOTO KONMMYECTBA 3JIaHUN U
COOPYKEHHI pacTyT 00beMbl padOT CBS3aHHBIX C TEXHHUYECKUM obOcienoBanneM. HeoOxoammocTh
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MPOBEJCHUS TaKUX pabOT BO3HHMKAET B CIydyasx: YCTPAHEHHUS HEIOCTAaTKOB, NOMYIICHHBIX IMPHU
MPOEKTUPOBAHNUH, U3TOTOBJIEHUH, CTPOUTEIILCTBE U SKCIUTyaTallMU 3/1aHUM, B CIy4ae JIMKBUIALUU
IIOCJIEICTBUM YPE3BBIYAMHBIX CUTyallUd IPUPOAHOIO WM TEXHOTCHHOI'O XapakTepa, B Cllydae
PEKOHCTPYKIIUM ¥ MOJACPHU3ALMU 3[aHUH, IPU BBIABICHUU HEOOXOAMMOCTH TPOBEACHUS
PEMOHTHBIX PaboT, IPH MACMIOPTU3ALUH 3TAHUN U COOPYKCHHM, IPH UX MPUBATU3AINH U JP.

CrnenoBaTenbHO, Ha OIPEAEIEHHOM JTale XWU3HEHHOTO IMKJIA 3/aHUS M COOPYKEHHUS
HY>KJIal0TCSl B JOCTOBEPHOM OLICHUBAHUU UX TEXHUYECKOI'O COCTOSIHUSI.

Ha panHoe Bpemss B VYKpanHE TEXHHYECKOE COCTOSIHME 3JaHUS WM COOPYKEHHUS
omnpenensieTcs 3a TpemMs METOAUKAMH, KOTOpPbIE PErJIaMEHTUPYIOTCS COOTBETCTBYIOILIUMHU
HOPMAaTHUBHBIMHU JJOKYMEHTAMH.

1.01eHKa TEXHMYECKOTO COCTOSHUS 3JaHMA 33 (DU3MYECKHMM H3HOCOM. TexHu4eckoe
COCTOSIHHME 3a KJIACCHU(UKAIIMEH COTJIACHO ATOW METOJMKHU UMEET IISITh OIEHOK: Xopoinuii (u3Hoc 0
... 20 %); ynmoBuerBoputenbHbIi (M3HOC 21...40 %); HeymoBIeTBOpUTENbHBIN (M3HOC 41...60 %);
BeTxuit (u3Hoc 61...80 %); Henpuroausiii (u3noc 81...100 %).

2.01eHKa TEXHUYECKOTO COCTOSHUS KOHCTPYKUMH M 3[aHHsl MO KJIacCU(PHUKAIMOHHBIM
npu3HaKkaM. TeXHUYECKOEe COCTOSHUE MO KIACCU(PUKAIMOHHBIM NMPU3HAKAM UMEET YEThIPE OLIEHKHU:
HOPMAJIbHBIN; YIOBJIETBOPUTENIbHBIN; HEIPUTOHBIN K HKCILTyaTallMK; aBAPUIHBIN.

3.01eHKa TEXHUYECKOI0 COCTOSIHUS 3JJaHUs 1aeTCs 10 Pe3yJIbTaTaM BBIIIOJIHEHHBIX PacueTOB.
OnpeneieHHBIC BEJIMYUHBI HANPsDKCHUST ©W JAeopManuii B HECYIIMX JJIEMEHTaX 3IaHUs
CONOCTABIIFOTCA € IPOYHOCTHBIMM  XAPAKTEPUCTUKAaMU  MATEpUaJIOB  KOHCTPYKLHM.
JIONOJHUTENBHO ~ AHANM3HUPYIOTCA  TEXHUYECKHE  IIapaMeTpbl, KOTOPBIE XapaKTEpU3UPYIOT
OCHOBaHHE.

OOBbeKTOM HccneoBaHus ObUIO BRIOPAHO YACTHUYHO pa3pyLICHHBIA B pe3yibTare aBapuu 4-x
ATaKHbBIN KUJION JIOM.

Ananu3 paKTHYeCKOro TEXHUUECKOTO COCTOSIHHSI 0ObEKTa BBITIONHSJICS B YETHIPE dTarma.

—TIEPBBIN ITAIl - aHATN3 00BbEKTa (M3YUCHHE UCXOTHBIX TAHHBIX U MPOEKTHON JOKYMEHTAIINH)
U BU3yaJbHOE 00CIIeI0BaHHE;

—BTOPOM ATAI - MPOBEJCHUE HATYPHBIX UHCTPYMEHTAIBHBIX UCCIICIOBAHUI;

—TpEeTUil 3Tan - aHAJIU3 HAIPSHKEHHO-1e(OPMUPOBAHHOIO COCTOSIHUS 00BEKTa, MPOBEPOUHbIE
pacueThl CTPOUTENBHBIX KOHCTPYKLMH Ha MpeAMET BO3MOKHOCTH BO30OHOBIIEHHUS Pa3pyIIEHHBIX
KOHCTPYKUMWA U TAJIbHEHIIEN IKCILUTyaTalnu;

—4eTBEPTHIN ATal - MPopabOTKa MPOBEACHHBIX HCCIEAOBAHUN U onpeaeneHne (PakTHIecKoro
TEXHUYECKOI'O COCTOSIHUS 00BEKTA.

B pabore pa3BepHyTO ONHMCAHO TMPOBEIEHUE KaXXKIOTO U3 OTAloOB UCCIEJOBaHUS U
MOJy4YeHHBIE pe3ynbTatThl. [IpoaHanu3npoBaHbl MPUYUHBI PA3PYIICHUH KUJIOTO 3[JaHUS U PUBEIECH
A PEKOMEHIALNUN OTHOCUTEIIBHO €r0 BOCCTAHOBJICHUS.

Knrouesvie cnosa: HanexHOCTb, KOJUYECTBEHHBIC MOKa3aTeIH, (PAaKTHIECKOE TEXHUYECKOE
COCTOSIHHE, pa3pyLICHUE.
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AHaJIiTHYHe BU3HAYECHHS NPOTUHIB 32J1i300e TOHHUX IINT,
apMOBAaHMX IVIAJAKHM CTAJEeBUM NPO(PHACTHIOM i3 IPUBAPHUM ONIOPHUM
aHKepyYBaHHAM

Maxcum Koeanw

T30B "HaykoBo-Bupo6Huue mignpuemctso "TPIAJIA"
m_koval@meta.ua, http://orcid.org/0000-0003-1244-1738

JlonoBiib MpPUCBSYCHA €KCIIEpUMEHTAIIbHUM Ta aHAJIITHYHUM JIOCIIDKEHHAM
nepOopMaTUBHOCTI ~ MOHOJITHUX  3ali300€TOHHMX IUIUT, AapMOBAHHX TIJaJKUM CTaJeBUM
npo(diTIbOBAaHUM HACTHJIOM 13 MPUBApHUM OIOPHUM aHKepyBaHHSM. HaBeneHo BiZOMOCTI Mpo
BUNIPOOYBAHHS JOCHIHUX 3pa3KiB IUIUT OJHOPA30BMM CTaTUYHUM HAaBaHTAXKEHHSAM Ta iX
pe3ynbTaTd, 30KpemMa rpadiku 3MiHU HNPOTHHIB Ta 3CYyBY HACTHIIY BITHOCHO OETOHY B OMOPHHX
30Hax. Po3risiHyTO icHYrOUI peKOMEHJAIil 3 po3paxyHKy MPOTHHIB MOHOJITHUX IUIAT, aPMOBaHHUX
po(HACTUIIOM, Ta 3aIPONIOHOBAHO YTOYHEHY METOJHMKY BH3HAYCHHS MPOTHHIB, MO 0a3yeThCs Ha
PO3paxyHKy 3CyBY HACTHITY BIIHOCHO O€TOHY 3a 3aKOHOM ['yKa mpwu 3CyBi.

B 3aranpHOMY BHIaAKy MNpOruH fp MOHOMITHOI IUIMTH, apMOBaHOI NPOGHACTUIIOM,
BU3HaYaeThes 3a Gopmynoro Ty = fo + fage, ae frc — mporus muuTH, 3aMeKHAN B KOPCTKICHHX
XapaKTEPUCTHK, fagq — I0MaTKOBUI MPOTHH TUIMTH, 3yMOBJICHUN MOJATIMBICTIO aHKEPHUX B'SI3CH.
JlonaTkoBu# mporuH fagg € 3a71eKHUM Bijl BETMYMHU 3CYBY HACTHITY BiIHOCHO O€TOHY A; mpoBeacHi
€KCIIEPUMEHTH J03BOJWIM BCTAHOBUTH, IO LIeH 3CYB IMOB'I3aHUN 13 3MUHAHHSM HACTUIy B 30HI
OTIOPHOTO aHKepyBaHHS. BennunHy 3cyBy HacTHIIy A MOXKHA BU3HAUUTHU 3 BUKOPUCTAHHSAM 3aKOHY
['yka mpu 3cyBi, 0 B 3arajbHOMY BUIIAJKy BUPWKEHHH (GOpMynorw A = nan X T, 1n€ nan —
Koe(iIie€HT MOIaTIMBOCTI HACTHITY B 30HI OTTIOPHOTO aHKEPYBaHHSI; T — 3CyBHE 3YCHUILIA.

CriBcTaB/IeHHS! BEJTMYMH 3CYBY HAcCTHJIy B OMOPHHUX 30HaxX Ta MPOTMHIB JOCHIJIHUX 3pa3KiB,
OTPUMAaHMX B X0/l EKCIIEPUMEHTIB Ta BU3HAUEHUX aHAJITUYHO, [I0KA3aJI0 iX XOpoury 301KHICTh IpU
HABAaHTAXXCHHSX, OMU3bKHUX A0 PYHHIBHUX. TakuM YMHOM, JHaHWUW MIAXIJ 10 PO3PaXyHKY MPOTHHIB
3ali300€TOHHUX I[UIMT, AapMOBaHUX TIJIAAKAM NpPOGHACTHIOM 13 TMPUBAPHUM  OMOPHUM
aHKEPYBaHHAM, € IOCTAaTHbO OOIPYHTOBAHUM Ta €KCIEPUMEHTAIBHO BEpU(PIKOBAHUM.

Knwuogi cnosa: nedopmallis, 30BHIIIHE apMyBaHHs, HaTypHI BHUIPOOYBaHHS, HpPOTHH,
cTajieBui mpo(1IbOBAaHUM HACTHUII.

Analytical definition of deflections of concrete slabs reinforced with weld-
anchored corrucated steel decking

Maksym Koval
Scientific-industrial enterprise “Triada” Ltd., Co
m_koval@meta.ua, http://orcid.org/0000-0003-1244-1738

The report is devoted to experimantal and analytical studies of deformability of monolythic
concrete slabs reinforced with weld-anchored corrucated steel decking. Information and results of
the testing of samples under static load, graphs of deflections and decking shift are given. Existing
methods of slab deflections was analyzed and refined method based on Hooke's law was proposed.
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In general deflection f,, of monolythic concrete slab reinforced with weld-anchored corrucated
steel decking is determined by the formula f,, = fc + faqq, Where f.c — deflection due to rigidity, fagq —
additional deflection due to ductility of anchorage. Additional deflection f,qq depends on value of
decking shift A; experiments allowed to establish a link between decking shift and decking crumple
in anchorage zone. Value of decking shift A can be determined with Hooke's law, wich in general
can be written as A = nan X T, Where 5a, — coefficient of decking ductility; T — shifting force.

Comparison of the values of decking shift and sample peflections determined with testing
and calculations shows their good convergence under loads close to destructive. Thereby proposed
method of deflection calculations of slabs reinforced with weld-anchored corrucated steel decking is
sufficiently justified and experimentally verified.

Keywords: corrugated steel decking, deflection, deformation, external reinforcement, full-
scale testing.

AHaJIUTHYECKOE onpe/ieieHre MPOrudoB xKeae300e TOHHbIX IIUT,
APMHMPOBAHHBIX IVIAAKUM CTAJbHBIM MPO(PHACTUIIOM ¢ IPUBAPHOI ONOPHOI
AHKEPOBKOI

Maxcum Koeanw

00O "Hayuno-nipousBojactBennoe npenmnpusitue "TPUAIA"
m_koval@meta.ua, http://orcid.org/0000-0003-1244-1738

Jloknan  MOCBALIEH ~ OKCIEPUMEHTAIBHBIM M AHAJIUTHUYECKMM  MCCIEIOBAaHUAM
ne(GOpMaTUBHOCTH MOHOJUTHBIX >K€JI€300€TOHHBIX IUIUT, APMUPOBAHHBIX TJIAJKUM CTaJIbHBIM
npoGMINPOBaHHBIM HACTUJIOM C TNpPHUBapHOW OmopHON aHkepoBKOH. IlpuBeneHsl cBeneHus o0
UCTBITAHUAX OMNBITHBIX 00PA3lOB IUIUT OJHOPA30BOM CTAaTHUECKOM HAarpy3Kod M UX pe3yibTaThl, B
YaCTHOCTH, TpaduKU U3MEHEHHUS NMPOruOOB M CABUIA HACTUJIA OTHOCHUTENBHO OETOHA B ONOPHBIX
30HaxX. PaccMOTpeHB! CyIlIecTBYIOIIME PEKOMEHIAlMU O pacyeTy MpOruO0B MOHOJMTHBIX IUIMT,
apMUPOBAHHBIX MPO(HACTUIIOM, U HPEUIOKEHO YTOUHEHHYIO METOJIMKY OIpEeNeIeHHs POrudoB,
KoTopasi 0a3upyercss Ha pacyere CABUIra HAcCTWJIa OTHOCUTENIBbHO OeToHa 3a 3akoHOM ['yka mpu
C/IBHTE.

B oOmem cnydsae nporu® f, MOHONMTHOW TUIMTHI, apMHPOBAaHHON MpodHACTHIOM,
onpexnensiercst mo popmyne fy = frc + fagg, TAC frc — TPOrUO MIUTHI, 3aBUCHMBIN OT KECTKOCTHBIX
XapPaKTEPUCTHK, fadd — TOTIOTHUTENBHBIA POTHO TUIUTHI, 00YCIIOBIICHBIH TTOJATIMBOCTIO aHKEPHBIX
ces3eit. JlomonHUTeNbHBIA TPOTHO fagy 3aBUCHT OT BEIMYMHBI CIABHra HACTHJIA OTHOCHUTEIHHO
O6eroHa A; MpoBeIEHHBIE SKCHEPHUMEHTHI MO3BOJIUIM YCTAHOBUTH, YTO ATOT CIBUT CBSI3aH CO
CMHHaHHEM HaCTUJIa B 30HE ONMOPHON aHKEepPOBKHU. BennunHy caBura HacTuiia A MO>KHA OTIPEENIUTh
C UCIOJIb30BaHMEM 3aKoHa ['yka MpH cABHUre, KOTOPBIM B 001IeM ciay4yae BbIpaxaeTcs: (GopMysoi
A = nan X T, TH€ #an — KOIPIUIIMEHT MOJATIMBOCTH HACTWJA B 30HE OIOPHOW aHKEPOBKH;
T — cnBurarolee ycuiue.

ComnocTaBneHne BeIMYMH C/IBUTA HACTUIIA B OTIOPHBIX 30HAX U MPOrUOOB ONMBITHBIX 00PAa3IoB,
IIOJIYYEHHBIX B XOJI€ DKCIEPUMEHTOB U OINpPEACIEHHBIX AHATUTHYECKH, MOKA3aJI0 UX XOPOIIYHO
CXOJMMOCTh TpPU Harpyskax, ONM3KUX K paspymamomuMm. TakuM o0pa3oM, AaHHBIA MOJIXOA K
pacuéry mporudoB kene300€TOHHBIX IJIUT, APMUPOBAHHBIX TIAJKUM MPOPHACTUIOM C MPUBAPHOU
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ONOPHOM  aHKEpOBKOH,  SBIAETCA  JOCTaTOYHO  OOOCHOBAaHBIM W JKCIIEPUMEHTAIBHO
BepU(PULIMPOBAHHBIM.

Knrwouesvie cnosa: BHelHee apMupoBaHue, Aegopmaiusi, HaTYpHbIE HCHBITAHUSA, MPOTHO,
CTaJIbHON MPO(UIMPOBAHHBIN HACTHIIL.

AHaJi3 nedopmaiiii 3a/1i300€ TOHHUX MOHOJIITHUX IVIMT B 32JI€2KHOCTI Bi Micus
NPUKJIAJAHHSA TEMIIEPATYPHOT0 HABAHTAKEHHS BITHOCHO OCHOBHUX HECYYHX
KOHCTPYKILii OyxiBJi

N “1 pe 2
Muxaiino boxcuncokuii, Bipa Konaxkoea

LK iBchKnmil HAL[OHATBHIH YHIBEPCHTET GY/IiBHUIITBA Ta apXiTeKTYPH,
! mike.bozhynskyy@gmail.com, https://orcid.org/0000-0002-8681-4675
2 vkolyakova@gmail.com , https://orcid.org/0000-0001-6879-8520

PosrnsHyTi nutanHs aedopmartiii 3a11300€TOHHUX MOHOJIITHHX TUTUT B 3aJIKHOCTI BiJ MicIis
MPUKIIQJIAHHS TEMIIEPAaTypHOTO HABAHTAXKEHHS 32 JIOTIOMOT00 IPOTPAMHUX KOMIUIEKCIB.

BupimenHs temmeparypHuX 3aaad 3a JOMOMOTOI0 MPOrPaMHHUX KOMIUIEKCIB JI03BOJISIE HE
TIIBKH 3HAYHO NPUCKOPUTH PO3PAXYHOK KOHCTPYKIIH, aje i HaJae MOKJIMBICTD MPOBOAUTH OLIBII
JeTalbHUN aHaJi3 OTPUMAHUX JaHUX 3 MOJICJIIOBAHHAM 0araTboX CLIEHApiiB PO3BUTKY MOXKEXKI.

Jlis MojentoBaHHS 3aadi pO3MOALTY TeMIepaTypu B Iepepi3i 3ali300€TOHHOI IUIUTH Y
nporpamMHomy komiuiekci ANSY'S 16.0 HeoOxiaHO BUSHAYNTH BUXIiHI JIaHI:

- 3HAYCHHS TEIUJIOMPOBIAHOCTI 3ali300€TOHHUX KOHCTPYKIIM 3alle)HO BiJ MPUKIAIACHOI
TeMIepaTypu

- 3HAYEHHS TEIUIOEMHOCTI 3ali300€TOHHMX KOHCTPYKII 3aJeXHO BiJ MPUKIAIACHOI
TeMIepaTypH;

- ryctusa 6erony p= 2500 (xr/m3);

- 3HaYeHHS Koe]illieHTY YOPHOTHU MOBEPXHi (i1 OeTOHY npuiiMaeMo 3HaueHHs 0,7);

- pIBHSIHHS TeMIIEpaTypPHOI KPUBOI AJIs1 OOPAHOTO PEXKHUMY MOXKEXKI.

Po3paxyHok 3ami300€TOHHOI MOHOJITHOI IJIMTH Ha JAi0 mijgBuiieHux Ttemneparyp B IIK
JIMPA-CAIIP 3BoJsTh 10 BU3HAUEHHS TPAHUYHOIO CTaHy 3a O3HAKOIO BTPATH HECY4Ooi 3AaTHOCTI
(R):

- pylHYBaHHS 3pa3Ka;

- BUHUKHEHHS TPaHWYHHUX Jeopmaniil (rpaHUYHE 3HAYCHHS NMPOTHHY, TPAaHWYHE 3HAYCHHS

IIBUIKOCTI HAPOCTaHHS ieopmartiii).
JaHuit MeTo po3paxyHKy J103BOJISIE:

- BU3HAYUTH T'PAaHUYHHM CTaH 32 03HAKOIO BTPATH TeIUI0i30i0r040i 31aTHocTi (I);

- BU3HAYUTU 3a JonoMororw nporpamHoro kommiekcy JIMPA-CAIIP rpanuunuii ctan 3a
O3HAKOIO BTpaTH Hecy4oi 31aTHOCTi (R).

- BUKOHaTH AaHalli3 TMepeMillleHb BY3JiB Ta HaNpyKeHb B CKIHYCHHHUX €JeMEHTax
3a11300€TOHHOTO KapKacy Bif [ii MIABUIIEHUX TEMIEpaTyp, IO Ja€ MOMJIMBICTH TIIBUITUTH
BOTHECTIHKICTh KOHCTPYKIIIH 32 JOTIOMOTO0 JIOJJaATKOBUX KOHCTPYKTHUBHUX 3aXO/IIB.

Knrouosi cnosa:temnepatypHa 3anada, posnoain remmneparypu, ANSYS,JINPA-CAIIP.
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The analysis of the deformations of reinforced concrete monolithic slabs
depending on the location of the application of the temperature load relative to
the main load-bearing structures of the building

Mykhailo Bozhynskyy®, Vira Koliakova?
L2Kyiv National University of Construction and Architecture,
! mike.bozhynskyy@gmail.com, https://orcid.org/0000-0002-8681-4675
2 ykolyakova@gmail.com, https://orcid.org/0000-0001-6879-8520

The problems of deformations of reinforced concrete monolithic plates are considered
depending on the place of application of the temperature load by mean software complexes.

Solving temperature problems with the help of software system sallow's not only to
significantly accelerate the calculation of structures, but also gives the opportunity for a more
detailed analysis of the obtained data with modeling of many scenarios of fire development.

For modeling the temperature distribution problem in the cross-section of the reinforced

concrete slab in the ANSYS 16.0 software package it is necessary to determine the initial data:

- hevalue of thermal conductivity of reinforcedconcrete structures depending on the applied
temperature;

- the heat capacity of reinforced concrete structures depending on the applied temperature:

- concrete density p = 2500 (kg / m3);

- the value of the coefficient of blackness of the surface (for concrete we accept the value 0.7);

- Equations of the temperature curve for the selected fire mode.

The calculation of a reinforced concrete monolithic plate on the effect of elevated temperatures
in the LIRA-CAD computer reduces to the determination of the limiting state based on the loss of a
load capacity (R):

- destruction of the sample;

- occurrence of limiting deformations (limiting value of a deflection, limiting value of the speed

of increase of deformations).

This method of calculation allows:

- determine the limit state on the basis of the loss of thermal insulation capacity (1)

- determine the limit state on the basis of the loss of load-carrying capacity (R) using the LIRA-

CAD software package.

- analyze the movements of nodes and stresses in the final elements of the reinforced concrete
frame from the effects of elevated temperatures, which will give the opportunity to increase
the fire resistance of structures with the help of additional design measures.

Key words: temperature problem, temperature distribution, ANSYS, LIRA-CAD.

AHaau3 aegopmanuii kej1e300eTOHHBIX MOHOJIUTHBIX IVIMT B 3aBUCUMOCTH OT
MeCTa NMPUJI0KEHHUSI TeMIIEPATYPHOM HATPY3KH OTHOCHTEIHLHO OCHOBHBIX
HECYIIUX KOHCTPYKIUI 31aHUs

1 2
Muxaun boxcunckuit', Bepa Konakosa
L2KneBckuii HALMOHATBHBIIT YHUBEPCUTET CTPOUTENLCTBA U apXUTEKTYPHI,
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PaccmoTpens! Bonpock! fedopmanuii )xeae300eTOHHBIX MOHOJIMTHBIX TUIUT B 3aBUCUMOCTH OT
MeCTa IIPUWIOKEHUS TEMIIEpAaTypPHON HAarpy3KHu ¢ IIOMOIIBIO IPOIPAMMHBIX KOMIUIEKCOB.

Pemenne temmepaTypHBIX 3a1ad ¢ IOMOLIBIO INPOTrPaMMHBIX KOMIUIEKCOB II03BOJISIET HE
TOJIKO 3HAUUTEJIBHO YCKOPUTh pacdyeT KOHCTPYKLMH, HO M Ja€T BO3MOXHOCTb NPOBOAMUTH Oojee
JECTAIBHBIM aHaIW3 IIOJIyYCHHBIX JAHHBIX C MOJCIMPOBAHMEM MHOTHX CLEHApHUEB DPAa3BUTHUSA
Io’kapa.

Jlnst MonIenMpOBaHUS 3aJaud paclpeliesieHUs] TEMIIepaTypbl B CEUYEHUH Kele300eTOHHOU
IUTATHI B IporpaMMHOM Komiuiekce ANSY'S 16.0 HeoOX01uMO OTpeieuTh HCXOJHbIC TaHHbIE:

- 3HAYCHHE TEIUIONPOBOAHOCTH KeNe300€TOHHBIX KOHCTPYKIMH B 3aBHCHUMOCTH OT
IIPUJIOKEHHOM TeMIleparyphl,

- 3HAYEHUE TEIIOEMKOCTH )KeJIe300€TOHHBIX KOHCTPYKLUN B 3aBUCUMOCTH OT IPUIIOKEHHON
TEMIIEPATyPBI,

- IIOTHOCTH OeToHa p = 2500 (kr / M3);

- 3HaYeHue K03 (HUIMeHTa YepHOTHI MOBEPXHOCTH (/17151 OeToHa npuHUMaeM 3HaueHue 0,7);

- YpPaBHEHHS TEMIIEPATYPHOU KPUBOM JJIs1 BRIOPAHHOTO peXHUMa T0XKapa.

Pacuer >xene300eTOHHOW MOHOJIMTHOM IJIMTHI HA JEMCTBUE MOBBIIICHHBIX TemnepaTyp B I1K
JINPA-CAIIP cBoasT K OMNpEeNeseHUI0 MPENeIbHOTO COCTOSHUS MO MPU3HAKY MOTEPH HECYyIIeH
cniocobnoctH (R):

- pa3pyieHue odpasia;

- BO3HUKHOBEHHE NpeAeTbHbIX AedopManuil (MpeaesbHoe 3HaYeHHe Mporuda, mpeaeabHoe
3Ha4YeHHEe CKOPOCTH HapacTaHus Aedopmaruii).

JlaHHBI METOJ pacuera MO3BOJISET:

- ONpPENCIUTh IMpPEACIBHOE COCTOSHHME I10 MPU3HAKY IOTEPU TEIUIOU3O0IUPYIOLIEH
criocobnoctH (I)

- OompenenuTh ¢ Tomolslo Tporpammuoro komrmiekca JIMPA-CAIIP mpepenbHOe
COCTOSIHHE T10 IPU3HAKY NOTepH Hecylel crnocooHocTH (R).

- BBIIIOJIHUTh aHAJIU3 MEPEeMEUICHUI Y3JI0B M HANpsDKEHWH B KOHEUHBIX AJIEMEHTaX
&KeNe300€TOHHOI0 Kapkaca OT BO3JCHCTBUS TOBBIIIEHHBIX TEMIIEpAaTyp, KOTOPBIH JacT
BO3MO>XHOCTb IIOBBICUTh OTHECTOMKOCTb KOHCTPYKLIMH C IIOMOIIBIO JOTOJHHUTEIbHBIX
KOHCTPYKTUBHBIX MED.

Kniouesvie cnoea: temmepaTypHas 3ajgada, pacnpeneneHue temmeparypsl, ANSYS,
JIMPA-CAIIP.

JocainkeHHs 3a/1i300eTOHHUX 0AJI0K 3 MOLIKOAKEHOI0 P000UY0I0 apMATYyPOI0
3a ail HAaBaHTAaKeHHSA
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JlocmiKeHHsT  HampyKeHo e(OopMOBAaHOTO CTaHy 3ai300€TOHHUX KOHCTPYKIH €
aKTyaJIbHUM MHUTAaHHAM. PO3BUTOK MPUHLMIIIB MPOEKTYBAHHS, IiICHJIICHHS Ta OCHOBHHX ITapaMeTpiB
pOOOTH MPOBOAUTHCS, SIK MPABUIIO, HA Ja0OpAaTOPHUX 3pa3kax. B OUIBIIOCTI TaKUX JOCIIJKEHb HE
BpPaxXOBYIOTh, [0 OY/b SIKi 3MiHU B HANPYXKEHO AePOPMOBAHOMY CTaHi 3a1i300€TOHHUX €JIEMEHTIB
BiIOYBarOThCS MPU MEBHOMY DPiBHI HaBaHTA)XEHHS — IMOYMHAIOYM BiJl BJIIACHOI BAarW i 3aKiHUYIOUH
poOOTOI0 MpH  eKCIUTyaTaliiHOMY pPIBHI HaBaHTa)KEHHS, HE3aJ0BrO 10 BHUYEpIIaHHS
eKCIUTyaTariiHol TPUAATHOCTI YW HAaBITh HECY4Yoi 3JaTHOCTI. 3MIHM, SIKI BHHHKAIOTh B
KOHCTPYKUIAX IpH JAii HaBaHTa)KE€Hb Ta BIUIMBIB, NMPU3BOJATH 0 BHYTPIIIHBOTO MEPEPO3MOILITY
HampykeHb Ta jAedopmariii. OcoOJUBOCTI TAaKOro MEPEPO3NOIiIY MOTPEOYIOTh TIHMOIINX
JOCITiJIKEHb.

MeTor0 NOJaHuX JOCTIDKEHb € BU3HAYEHHS BIUIMBY Ha MILHICTH 3aJ1i300€TOHHUX 3TMHAHUX
€NIEMEHTIB  TMOUIKO/DKEHb  PO3TATHYTOI — apMarTypH, OTPUMAaHUX TpHd Jii  HaBaHTaKCHHS
eKCIUTyaTaIifHoro piBHs. i1 TOCATHEHHS IOCTABICHOI METH JIOCIIDKEHBb OYJIO 3ampoeKTOBaHO 6
JOCHITHUX 3a711300€TOHHHUX OaJoK, sSKi MOAUIMIM Ha 2 cepii: 2 3pa3ku 1 cepii Ta 4 3pa3ku 2-i. Yci
3pa3kyd OyiaH 1IEHTHYHUX T€OMETPUYHUX pO3MipiB. BiIMIHHICTH monArae B AiaMeTpi PO3TATHYTOL
apMmatypu: s 1-1 cepii po3tsirayta apmarypa 1916 A500C, a muis 2-i cepii - 11920 AS00C.

[TomkokeHHsST MO3A0BKHBOI apMaTypu IMITyBallo KOPO3il0 poOOYOoro apMyBaHHS 3pa3kKa.
[TomkoKeHHsT BUKOHYBAJIM IIUISIXOM BHCBEPUTIOBAHHS OHOTO OTBOPY B apMaTypi ¥5.6 MM, 110
BIJIMTOBiJa€ 3MEHIIICHHIO IUIONII BHACTIAOK YMOBHOI KOpo3ii apmatypu 3 20 mo @16. OtBip
BUKOHYBAJIU MTOCTAITHO BiJl I3 MM 3 301IBIICHHSM JiaMeTpy cBepia Ha 0.5 MM Ha KOKHOMY eTarli.
[TomkopKeHHST BUKOHYBAIM 3a IIOCTIMHOI 1ii HaBaHTaxeHHs (.7 Big Hecydoi 34aTHOCTI
KOHTPOJIBHMX 3Pa3KiB Ta JiIs OPIBHSAHHS — 0€3 /i1 HaBaHTaXCHHS.

JInst KOHTPOJIBHUX 3pa3kiB 1-1 Ta 2-1 cepiil BUYepIaHHs HECYJoi 371aTHOCTI BIJIOYJIOCH 32 paXyHOK
JOCATHEHHs1 OETOHY CTHCHYTOI 30HM I'PaHUYHUX 3Ha4eHb Aedopmariiid. s 3pa3kiB i3 MOIIKOIKEHOIO
apMaTypor0 BHYEpIAaHHS HECy4oi 3/1aTHOCTI BIIOYJIOCH 32 paXyHOK PO3PHBY PO3TATHYTOI apMaTypu
BHACIIZIOK  JIOCATHEHHS HEI TpaHMYHUX 3Ha4eHb JedopMmailiii  po3rary.  PyiiHyBaHHA
CYIPOBOIXKYBAJIOCh PO3JIaMOM 3aJ1i300€TOHHMX OalloK Ha Bl YaCcTUHU. Takuiil xapakrep pyHHYBaHHS €
TUTIOBUM JUJISl peaJIbHUX 3Pa3KiB, sIK1 IepeOyBatoTh i/ IEBHUM PIBHEM HAaBaHTAKEHHSL.

3a pe3ynapTaTaMH JIOCTi/PKEHb BCTAHOBJICHO, IO MPH 3MEHIICHHI IUIONII PO3TATHYTOI
apMatypu 0e3 /1ii HaBaHTa)KEHHS Hecyda 3/1aTHICTb 3aJ11300€TOHHOT OaJIki 3MeHITyeThest Ha 37%, a
IIpU HaBaHTaXxeHH1 piBHOMY 0.7 BiJ HECy4oi 3/1aTHOCTI KOHTPOJIbHUX 3pa3KiB, juiie Ha 11%.

Kntouoei cnoea: 3anizo0eToHHI OalIKH, MILIHICTh, MOIIKOXKEHHS, T1e(DEeKTH.

Researching of reinforced concrete beams with damaged tensile rebar
under the loading

Zinoviy Blikharskyy *, Pavlo Vehera?®, Taras Shnal®
23| viv Polytechnic National University
1Zinovii.z.Blikharskyi@Ipnu.ua, ORCID: 0000-0002-4823-6405
*Pavlo.l.Vehera@Ipnu.ua, ORCID: 0000-0002-3437-1825
Taras.M.Shnal@Ipnu.ua, ORCID: 0000-0002-4226-9513

Researching stress-strain state of reinforced concrete structures is always a pressing issue. The
development of the design principles, strengthening and basic parameters of work is carried out on
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laboratory samples. In most of these studies, it is not taken into account that any changes in the
stress-strain state of reinforced concrete elements occur at a certain level of loading, ranging from
their own weight to ending with work at the serviceability level of loading, shortly before the
exhaust of serviceability suitability or even bearing capacity. Changes that arise in structures under
the influence of the load, lead to a redistribution of efforts and deformations.

Based on the above it, the aim of the research was set: to determine the impact on the strength
of reinforced concrete bending elements of damage of tensile rebar, obtained under the action of the
load. Six researching samples - reinforced concrete beams were designed to achieve the research
aim. The samples were divided into 2 series: 2 samples of 1st series and 4 samples of the 2nd. All
RC beams were identical geometric dimensions. The difference lies in the diameter of the tensile
rebar: for the 1st series, the rebar 1016 A500C is reinforced, and for the 2nd series - 1320 A500C.

Damage to the longitudinal reinforcement simulated corrosion of the tensile rebar of the
reinforced concrete beams. Corrosion was performed by drilling one hole in the @5.6 mm fitting,
which corresponds to the corrosion of the reinforcement @320 to @16. The hole was performed in
stages from @3 mm with an increase in the drill by 0.5 mm at each stage. Damage was carried out
under the action of load 0.7 from the bearing capacity of control samples.

For control specimen’s 1st and 2nd series, the bearing capacity was responsible by achieving
limit values of the concrete compressed area. For specimens with damaged rebar’s, the bearing
capacity was responsible by rupture of stretched armature after deformation of steel takes limit
values. The scheme of destroyed specimens was fracture in two parts of RC beams. The typical
character of destroying would be for specimens damaged under some initial loading.

As a result of experimental studies it was established that the bearing capacity of reinforced
concrete beams, which was received damages at the level of loading, is higher than for reinforced
concrete elements with similar reinforcement. From experimental study the reducing of the area of
the stretched armature without load, the bearing-capacity load reduced by 37%, and when load is
equal to 0.7 from the bearing-capacity load of the control samples, reduce was only by 11%.

Key words: reinforced concrete beams, strength, damage, defects.

HccnenoBanue xej1e300eTOHHBIX 0AJIOK ¢ MOBPEXAEHHOI padouei
apMaTypou 3a 1eiCTBUSl HATPY3KH

. -1 2 3
3unoeuit bauxapckuii', Ilasen Bizapa®, Tapac Illnans

1,23 o
HauunoHnanbHbIM YHUBCPCUTET «JIbBOBCKas MOJUTEXHUKA

1Zinovii.Z.Blikharskvi@lpnu.ua, ORCID: 0000-0002-4823-6405
2Pav|o.I.Vehera@Ipnu.ua, ORCID: 0000-0002-3437-1825
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HccnenoBanue HapspKEHHO Je(OPMUPOBAHHOTO COCTOSHUS JKeIe300€TOHHBIX KOHCTPYKITUI
ABJICTCA aKTyaJIbHBIM BOIIPOCOM. Pa3Butue IMPUHIUIIOB MPOCKTUPOBAHUSA, YCUIICHUA U OCHOBHBIX
rmapamMeTpoB pabOThl MPOU3BOJUTCSA, KaK MPABUIIO, HA JIAOOpAaTOPHBIX oOpasiiax. B GoybmmHCTBE
TaKMX MCCJIEeI0OBAaHUN HE YUYUTBHIBAIOT, YTO JIIOOBIE U3MEHEHUS B HANPSXKEHHO JAe(popMHpPOBAaHHOM
COCTOSTHUM KeJIe300€TOHHBIX JJIEMEHTOB TPOUCXOMAT TIPU OIPEICICHHOM YpPOBHE HArpy3KH -
Ha4YMHASE OT COOCTBEHHOTO Beca M 3aKaHYMBas pabOTOM MpH IKCIUTYaTallHOHHOM yYPOBHE Harpy3Ku,
HE33JI0JIT0 10 UCYEPMaHUs IKCIUTYaTallMOHHOW MPHUTOJHOCTH WM Ja)XKe HeCylled CIIOCOOHOCTH.
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N3MeHeHus, KOTOpble BO3HMKAIOT B KOHCTPYKIUSAX IMPU BO3JICUCTBUU HArPY30K U BO3JIECUCTBUI,
NPUBOAAT K BHYTPEHHEMY IepepacipeesieHus HanpspkeHuit u aedopmaruii. OcoOEHHOCTH TaKOro
nepepacnpeesieHus TpeOyroT 6oee TTyOOKUX HCCIeI0BaHUH.

[lenbto mpeAcTaBIEHHBIX MCCIENOBAHUM SIBISIETCS OIPEAEICHUE BIUSHUSA Ha IMPOYHOCTH
KEIIe300€TOHHBIX N3TN0AEMBIX JICMEHTOB MTOBPEKICHUHN PACTIHYTON apMaTyphl, MOJTYYCHHBIX TPU
BO3JICHCTBUM HArpy3KH SKCIUIyaTallUOHHOTO YpoBHA. /I AOCTMXKEHMS TOCTAaBJICHHOM LeIu
UCCIIEIOBaHUM OBLIO 3aIPOEKTUPOBAHO 6 OMBITHBIX KEJIE300€TOHHBIX OANOK, KOTOPbIE MOAETUIH
Ha 2 cepun: 2 obpasna 1 cepuu u 4 o6pasna 2-i. Bce oOpasiibl ObLITN UACHTHYHBIX TEOMETPHUIECKUX
pa3MepoB. OTiMuue 3aKI0YaeTcs B IMaMeTpe PacTSHYTOW apMmarypbl: 1id 1-il cepuu pactsanyras
apmarypa 10916 A500C, a nns 2-ii cepun - 10920 AS00C.

[ToBpexxaeHue MpoaOJbHON apMaTypbl MMUTHUPOBAIO KOPPO3UIO PabOYero apMHpOBaHUS
obpasua. [loBpexxaeHre BBIOIHIIN MTyTEM BBICBEpPJIMBAHUS OJHOTO OTBEPCTHS B apmarype ¥5.6
MM, YTO COOTBETCTBYET YMEHBIICHHUIO IIONIAJN BCICACTBUE YCIOBHOU KOPPO3UU apMatypsl ¢ D20
10 ¥16. OTBepcTHE BBINOIHSAIN MO3TAHO OT Y3 MM ¢ yBEJIMYEHUEM quaMerpa cBepia Ha 0.5 MM
Ha KaxaoM dtare. [ToBpexaeHne BIMOIHSIN 33 OCTOSTHHOTO AeicTBUS Harpy3ku 0.7 oT Hecymiei
CHOCOOHOCTH KOHTPOJBHBIX 00PA3I0B U I CPaBHEHHUS - O€3 BO3JCHCTBHS HArPY3KH.

Jlns KOHTpONbHBIX 0Opa3noB 1-i1 W 2-i cepuil HcuepmaHus HECYIIEH CIOCOOHOCTH
MIPOM30MIIO 32 CUET JOCTMKCHUS OCTOHA C)KATOM 30HBI MPEACIbHBIX 3HaYCHHH nedopmanuid. J{ms
00pa3IoB ¢ MOBPEKJACHHON apMaTypol WCYEpHaHHs HECyIled CIIOCOOHOCTH MPOU3OINIO 32 CUET
pa3pbiBa PacTIHYTOH apMaTyphl BCICICTBUAC JOCTHKCHUS UM TMPEACTbHBIX 3HAYCHHN JedopMariuii
pacTshkeHus. PaspylieHue compoBOXIAIOCH PAa3IOMOM JKENEe300€TOHHBIX OajOK Ha JIBE YacCTH.
Taxoif xapaktep pa3pyllieHus SBISETCS TUIUYHBIM JJI PEeabHBIX 00Pa3IOB, HAXOISIIMXCS TOJ
OTpeieIEHHBIM YPOBHEM HArpy3KH.

[To pe3ynbpTaTaM HcciaenOBaHUN YCTAaHOBJIEHO, YTO MPH YMEHBIICHUH TUIOMIAAN PACTAHYTON
apMaTypbl 0e3 BO3JCHCTBUS HArpy3KH Hecylas CIHOCOOHOCTh >KelIe300€TOHHON  Oanku
yMmeHbiaercss Ha 37%, a mpu Harpy3ke paBHOM (.7 oT Hecymieil CIOCOOHOCTH KOHTPOIBHBIX
o0pas31oB, Tosbko Ha 11%.

Knroueswie cnosa: xene300eToHHbIE OAJIKU, TPOYHOCTH, TOBPEXKACHUS, T€PEKTHI.

HaniiiHicTh 32/1i300€ TOHHMX 0AJIOK, MIACHJICHUX HAPOLLYBAHHAM PO3TATHYTOI
apMaTypH NPHU il HABAHTAXKEHHS

Poman XMiJlbl, Poman Tumapenko 2
l'zHaLliOHaJ'ILHI/Iﬁ yHiBepcuTeT «JIbBIBChKA MOTITEXHIKAY,
'roman.y.khmil@Ipnu.ua, https://orcid.org/0000-0001-7578-8750
2 romantaren27@gmail.com, https://orcid.org/0000-0002-4550-6422

CrtaHOM Ha CHOTOJIHINIHIN J€Hb, KMOBIPHICHI METOIU PO3PaXyHKY OYyIiBEIbHUX KOHCTPYKIIIH
Ha0yBalOTh BCE OUIBIIOTO TMOMIUPEHHS, OCKIIBKH JO3BOJISIOTH BCTAHOBIIOBAaTH TapaHTOBAHUN
piBeHb iX HaAiHOCTI Ha cTajaii NmpoekTyBaHHSA. B cBOO uepry, 3pocTaHHsS 00cATiB poOIT i3
PEKOHCTPYKIIT iCHYIOUMX OyniBedb Ta CHOPYA TEX CIiJ CyNpPOBOIXKYBATHU KUIBKICHOIO OIIIHKOIO
HaJIMHOCTI TMIJCWJIEHUX KOHCTPYKLIN, IO Ha CBHOTOJHI MPAaKTUYHO HE BUKOHYIOTh 4Yepes
BIJICYTHICTb €JMHOI METOJMKH TaKoi OIIHKH. 3aBJaHHSIM HAILIOrO JOCIIKEHHS € po3poOJIeHHS
MPUHITAIIOBOT METOJIMKH OIIHKK HAQIIMHOCTI 3al1i300€TOHHUX OajoK, MiJCHICHUX JI0JAaTKOBOIO
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apMaTyporo TIpH JIii HaBaHTaXEHHSI, 1110 BiI0Opakae peasibHi YMOBH eKCIUTyaTallii KOHCTPYKITIi.

Jnst po3poOKH  anropuTMy OLIHKM HaAIHHOCTI aJanTyeMO pO3poOJieHYy METOAMKY TMif
kepiBHUITBOM mpodecopa [liuyrina C.d. a TakoK BUKOPUCTAEMO OCHOBOIIOJOXHI TE3M TeOopii
iiMoBipHOCTEH. MH MPONOHY€EMO, SIK BUIAJIKOBI, CTATUCTUYHO HE3AJEKHI MapaMeTpu NpuiiMaTH:
MIIHICTh MaTepianiB, TEOMETPIiI0 MiJCHIICHOTO MEepepi3y, a TAKOXK PIBEHb JII0YOr0 HaBaHTAKECHHS
Ha KOHCTPYKIIIIO TiJ] Yac MiACHICHHS, OCKUIbKH BiH MPAKTHYHO 3aBXKIU MPUCYTHIN, 0COOINBO MPHU
M1JCWJICHHI KOHCTPYKIIi B peasibHUX YMOBaX. ToMy BUIAJKOBE 3HAYEHHS IPAHUYHOTO 3THHAIBHOIO
MOMEHTY, L0 CIIPUIMAEThCA MICUIICHOIO IIPU i1 HABaHTaXKEHHS 0aJIKOI0, 3aJeKaTuMe B

— BUIIQIKOBOT'O 3HAYEHHS OMOpy OETOHY Ha CTHUCK;

— BHIIaJIKOBOT'O 3HAUYEHHS MIIIHOCTI Ha PO3TAT OCHOBHO{ Ta JI0JIATKOBOI apMaTypH;

— BHIIQJIKOBOT'O 3HAUYEHHS MIIIHOCTI HA CTUCK BEPXHBOI apMaTypu;

— BUMNAJKOBOTO 3HAYCHHS IIUPUHU Ta NMPHUBEIEHOI KOPHCHOI BHCOTH IEpepi3y MiJCHICHOT
OaiKu;

— BUIIAJIKOBOTO 3HAYEHHS KOe(illieHTy BUKOPHUCTAHHS JI0JIaTKOBOI apMaTypH, IO 3aJIeKHUTh
BiJl piBHS J1F0YOTO HaBaHTA)KEHHS Ha OalKy MpH MiJICUIICHHI.

Jlis OUIHKM HAAIMHOCTI 3a OCHOBY HPHUIMAaEMO PO3PAaXYHOK 3a MIIHICTIO HOPMAalbHOTO
nepepizy mijcuieHoi 6anku. [IpuitHATI B po3paxyHOK CTATUCTUYHI XapaKTePUCTHKU (MaTeMaTHUHI
CTIOAIBaHHA 1 CTaHAAPTH) MPOIIOHYEThCS BU3HAYATH HA OCHOBI 3arajlbHOBIIOMHUX PEKOMEHJAIiH, a
TaKOX EKCIIEPUMEHTAIBHUX JOCHIHKEHb poBeaeHnx y HamionansHomy yHiBepcuTeTi «JIbBiBChKa
TIOJTITEXHIKA.

Jnist OIiHKM HAAIHHOCTI KOHCTPYKIIl OOYHCIIOEMO 3arajibHO NPUHHATY XapaKTEPUCTHKY
0e3neku — iHJeKe HafiitHOCTI. B cBOIO uepry, MMOBiIpHICTH O€3BIIMOBHOI POOOTH MiACHICHOT OaIKu
(abo x ii HamIHHICTh) BU3HAYAETHCA 32 JOMOMOTO0 (PYHKIIT MOMMIIOK, OLIBII BiIOMOI SIK (YHKIIT
Jlamaca.

Knwuoei cnosa: 3amizoberoHHa ©Oanka, TMIiACHIEHHS, OIIHKA HAAIMHOCTI, pIBEHb
HaBaHTa)KCHHS

The reliability of reinforced concrete beams, strengthened under loading by
increasing stretched reinforcing bars

Roman Khmil', Roman Tytarenko?

12| viv Polytechnic National University,

'roman.y.khmil@Ipnu.ua, https://orcid.org/0000-0001-7578-8750
’romantaren27@gmail.com, https://orcid.org/0000-0002-4550-6422

Today, the probabilistic methods of calculation of building structures are becoming more
widespread, since they allow establishing the guaranteed level of their reliability on a design stage.
In turn, the increase in the volume of work on the reconstruction of existing buildings and structures
requires making quantitative assessment of reliability of strengthened constructions, but this is
practically not performed today because of the lack of a unified methodology for such assessment.
The aim of our research is to develop a principal method for assessing the reliability of reinforced
concrete beams strengthened under the action of the load by additional reinforcement that modeling
the real conditions of structure’s operation.
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To develop a reliability assessment algorithm, we adapt the methodology of professor
Pichugin S.F. and also use the basic thesis of probability theory. We propose such stochastic,
statistically independent parameters as: the strength of materials, geometry of the strengthened
beam’s cross section and the level of existing loading on the construction during strengthening
because it is almost always present, especially when the construction is strengthening in real
conditions. Consequently, the random of limiting bending moment, which perceived by the
strengthened beam depends from:

— the mathematical expectation of concrete resistance to compression;

— the mathematical expectations of tensile strength of the main and additional reinforcing
bars;

— the mathematical expectation of strength of compression of the upper reinforcement;

— the mathematical expectations of width and resulted effective height of the strengthened
beam cross section;

— the mathematical expectation of coefficient of using the cross section of additional
reinforcing bars that depends from the level of loading on the beam during strengthening.

We take the design of normal section’s strength of the strengthened beam to assess their
reliability. We propos to determine the statistical characteristics (mathematical expectations and
standards) of taking parameters by the main of well-known recommendations, as well as
experimental studies conducted at the Lviv Polytechnic National University.

To evaluate the reliability of construction we calculate the reliability index. In turn, the
probability of uptime performance of the strengthened beam is determined according to the
following expression, using the Laplace's error function.

Key words: reinforced concrete beam, strengthening, reliability assessment, load level.

Hane:xxHoCTh #Kej1e300eTOHHBIX 010K, YCHJICHHBIX HApPalllUBAHUEM PACTAHYTOM
apMaTypbl NPHU AelCTBUN HATPY3KH
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CeroiHsi BEpOSITHOCTHBIE METOJbl pacueTa CTPOUTEIbHBIX KOHCTPYKLMHM MOJIy4arOT BCE
OoJblliee pacpoCTpaHEHHUE, TOCKOIbKY MO3BOJISIOT YCTAHABINBATh TAPAHTUPOBAHHBINA YPOBEHBb UX
HAJC)KHOCTH Ha CTaauM TMPOCKTHpPOBaHHSA. B CcBOIO ouepens, pocT pabOT MO PEKOHCTPYKIIMU
CYLIECTBYIOIIMX 3JaHUM M COOPYKEHHUM TOXKE JOJKEH COINPOBOKIATHCA OLEHKOM HAJIEKHOCTU
YCUJIEHHBIX KOHCTPYKIHW, YTO HAa CETOIHAIIHUN JE€Hb MPAKTUYECKU HE JENal0T M3-3a OTCYTCTBHUS
€IMHOM METOJUKHU TaKOW OIEHKH. 3ajlaya HAIIero MCCIEeNOBaHMs - pa3paboTKa MPUHITUTHATIHEHON
METOJMKHU OLIEHKH HAJIEKHOCTH KeJIe300€TOHHBIX 0al0K, YCHJICHHBIX JTOTIOJHUTEIHLHON apMaTypoit
MPY BO3JEHCTBUU HArpPy3KH, OTPAKAIOIIUN PEaTbHbIE YCIOBUS SKCIUTyaTallid KOHCTPYKIIWH.

st pa3paboTKu anroputMa OIEHKU HAJIeKHOCTH aJanTHpyeM pa3paOOTaHHYI0 METOAHMKY
noa pykoBonacTtBoM Tmpodeccopa Ilmuyrmna C.D. a Takke HCIONIB3YEM OCHOBOMOJATAIOIIHNE
MOJIOKEHUSL TEOPUM BEPOATHOCTEM. Mbl mpemiaraeMm, Kak CIIy4yalHble, CTaTUCTUYECKHU
HE3aBUCUMBIE MTapaMETPbl IPUHUMATh: IPOYHOCTh MATEPUAIIOB, T€OMETPUIO YCUIIEHHOTO CEUYCHUS,
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a TaKXe YpOBEHb JEHCTBYIOLIEH HArpy3ku Ha KOHCTPYKIIMIO BO BPEMs YCWIECHHMs], ITOCKOJIbKY OH
MPAKTUYECKH BCET/Ia MPUCYTCTBYET, OCOOCHHO MPU YCHUIICHUH KOHCTPYKIMH B PEAIbHBIX YCIOBHSIX.
[TosToMy ciydailHOe 3HAa4YeHHE NPEACTBHOTO HM3TUOAIOIIEr0 MOMEHTa BOCIPHHUMAEMOTO
YCUJICHHOH NPH BO3JCMCTBUN HArPY3KH OaNKo, Oy/eT 3aBUCHUTD OT:

- CIy4ailHOro 3HaYEHUs COMPOTUBIICHUS OETOHA Ha CHKATHE;

- CIy4alHOrO 3HAQYEHMs IPOYHOCTH HA PACTSHKEHHE OCHOBHOM M JIOIOJHUTEIBHOMU
apMarypsl;

- CIIy4aliHOTI'0 3HA4E€HUS IIPOYHOCTH HA CKAaTHUE BEPXHEN apMaTypsbl;

- CIIy4allHOTO 3HA4Y€HUs LIMPUHBI U MPUBEICHHON MOJE3HON BBICOTHI CEUEHUS YCUIICHHOM
OaKu;

- ciyyaiiHoro 3HaueHus Kod(h@UIMEHTa HCIONb30BaHUs JIOMOJHUTEIBLHOM apMaTyphl,
KOTOPBIN 3aBUCUT OT YPOBHSI IEUCTBYIOIIECH HArpy3KH HA OAJIKy MPU YCUIICHHUH.

Jns oneHkW HaAeKHOCTH 3a OCHOBY IIPUHHMMAEM pACUET 0 MPOYHOCTH HOPMAIBHOIO
ceueHuss ycujgeHHoW Oanku. [lpuHsATBIE B  pacyer CTATUCTUYECKHE  XapaKTEPUCTHKU
(MaTeMaTHyecKkue 0>KMJIaHUSI M CTAHAAPTHI) MpEAiaraeTcs ONpeAeNsiTh Ha OCHOBE OOIIEU3BECTHBIX
PEKOMEHIallui, a TaKKe SKCIEPUMEHTAIbHBIX HCCIEAOBAHMM, NPOBEIECHHBIX B HanumonansHOM
yHUBepcuTeTe «JIbBOBCKAs MOIUTEXHUKA.

Jlis OlEeHKHM HAJEeKHOCTH KOHCTPYKIIMHM BBIYHCISEM XapaKTEPUCTHKY O€30MacHOCTH —

WH/IEKC HAJeKHOCTH. B CBOIO odepenb, BEpOSTHOCTh O€30TKa3HOW pabOTHI YCHIIEHHOW Oaiiku
(HaIe:KHOCTH) OIMPEEISIETCS 110 BRIPAXKCHUIO ¢ TTIOMOIIBIO (yHKITMH ook Jlamaca.

Knwuesvie cnoea. xene3o0eToHHas Oayka, yCHJIEHHME, OLIEHKA HAJEKHOCTH, YPOBEHb
Harpys3KH.

MilHicTh KOMIIO3UTHOI HEMETAJIEBOI apMaTypH Ha 3pi3

FOniu Knimoes
KuiBchkuil HalliloHaIbHUM YHIBEPCUTET OYAIBHUITBA 1 ApXITEKTYpPH,
yuliiklymov@gmail.com, https://orcid.org 0000-0002-4275-7058

VY 10mOBiJll HAaBEIEHO Pe3yabTaTH €KCIEPUMEHTAIBHOIO JOCHIPKEHb MIITHOCTI KOMIIO31THO1
0a3aJIbTOIIACTIKOBOT M CKJIOTLIACTIKOBO1 apMaTypH Ha 3pi3.

ExcniepumeHTanbH1 JOCHIHKEHHS MPOBEJEHI 3a METOAOM MOJABIMHOTO 3pi3y BIIMOBIAHO IO
ACl 440.3R-04. B saxocti nochmigHuUX 3pa3kiB Oynu mpidHATI Oyiau MpiMHATI  CTEpXKHI
CKJIOTUTACTIKOBOT apmarypu aiameTpoM 10 MM, 12 MM u 0a3anbTOIIacTiKOBOI apmaTypu 8§ mm, 10
MM u 12 MM, gosxunoro o 300 mMm. Beworo Oyno BimpoOyBaHO I'ITh cepiil 1o N'Th 3pa3KiB B
KOJKHIMH.

HaBanTaxkeHHst Oys0 MpUHHATO MOHOTOHHO 3POCTAalO4YMM 10 pyWHYBaHHS 31 IBUIKICTIO 5,0
kH/xB nns giamerpiB 8 mM, 7,0 kH/xB nns giamerpi 10 mwm 1 10,0 kH/xB mist miamerpiB 12 mm, 1110
BiJIMOBIAANIO MIBUIKOCTI 301IBIIIEHHS TOTHYHUX HanpyxeHb 30- 60 MIla/xs.

I'pannyHi JOTHYHI HANPY>KEHHs (MILHICTh KOMIIO3UTHOI apMaTypH Ha 3pi3) 3a pe3yJbTaTaMu

P. . .
BUIIPOOYBaHb BU3HAYAIOTHCSA 32 (PopMysow: 7, = ﬁ, Jie 7y - TPaHWYH1 TOTUYHI HANPYy>KEHHS MpU

3pisi, H/mm?; Ps - pyitniBumit 3pi3yiors sycumst, H; A - miolia monepedHoro nepepisy CTepiHs,
2
MM
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B pesympTari mpoOBEACHUX EKCIEPUMEHTAIBHUX JIOCTIDKEHh MIIHOCTI KOMITO3UTHOT
apMaTypH Ha 3pi3 BCTAaHOBJICHO, L0 3aJISKHICTh TOTUYHI HANIPY)KEHHS - BEPTUKAIbHI ITEPEMIICHHS
(t - A) Mae niHiitHMH, a pyIHYBaHHS - KPUXKUAN XapakTep.

BenuunHa rpaHUYHUX JOTUYHUX HAMPYKEHb CTEKJIOTUIACTUKOBOM apMaTypH HE 3aJICKUTH BiJ
niamerpa i craHOoBUTH Onm3bko 190 MIla, mo Biamosigae 0,29 ... .0,34 Big TUMYacoBOTO OMOPY
apMaTypH TP PO3TATY.

BennuuHa rpaHUYHHX JOTUYHUX HANPY)XEHb 0a3albTOIUIACTHKOBOI apMaTypH HE 3aJIC)KHTh
BiJ aiameTpa i craHoBUTH O6sm3bKko 190 ... 200 MIla, mo Bignosigae 0,22 ... .0,28 Bix THMYacOBOTO
OTIOpY apMaTypH MPH PO3TATY.

3a iHIMX PIBHUX YMOB BEIMYMHA TPAHUYHUX JOTUYHHMX HANpPYXKEHb MPH 3pi3i 1 BITHOCHUX
nedopmaliiii  3cyBy CTEKJIOJACTIKOBOW 1 0a3abTOMIACTUKOBOI MAalOTh ONHM3bKI 3HAYCHHS, a
Xapakrtep iX AeopMyBaHHSI IMiIMTOPSIKOBYETHCS 3araIbHIM 3aKOHOMIPHOCTSIM.

PesynmpTati TpoBeneHHX JOCHi/DKEHb MOXYTh OyTH 3acTOCOBaHI MpPH PO3PaxyHKY
KOHCTPYKIIIH 3 CTEKJIOIUIACTHKOBOM 1 0a3abTOIIACTUKOBOI apMaTypOr Ha Ji0 MONEPEYHOT CHIIH
IIPH OIHII MIITHOCTI apMaTypH B 30H1 EPETUHY KPUTUYHOI TOXUIIOT TPILIUHOIO.

Knwuosi cnosa: ckiomiacTukoBa, 0a3aJibTOILIACTIKOBA apMaTypa, MIIHICTh, €KCIICPUMEHT,
3pi3.

Strength of composite non-metallic reinforcement on a shear

Yuliy Klymov
Kyiv National University of Civil Engineering and Architecture,
yuliiklymov@gamail,com, https://orcid.0000-0002-4275-7058

The report presents the results of experimental studies of the strength of composite basalt and -
glass fiber reinforcement on the shear action.

Experimental studies were carried out using the double-cut method in accordance with ACI
440.3R-04. As test samples were taken for testing were adopted rods of glass fiber reinforcement with
a diameter of 10 mm, 12 mm and basalt fiber reinforcement 8 mm, 10 mm and 12 mm length of 300
mm. In total, five series of five samples were tested.

The loading was made by a monotonically increasing load at a speed of 5.0 KN/min for a
diameter of 8 mm, 7.0 kN/min for a diameter of 10 mm and 10.0 kN/min for a diameter of 12 mm,
which corresponded to a shear stress of 30-60 MPa/min.

The ultimate tangential stresses (strength of composite reinforcement on the shear) are

. P, . .
determined from the test results by the formula: z, :ZSA’ where 7, - ultimate tangential stresses at

shear, N/mm?; Ps - ultimate shearing force, N; 4- is the cross-sectional area of the rod, mm?.

As a result of the carried out experimental studies of the strength of composite reinforcement
on the shear, it was established that the dependence of shear stresses - vertical displacements (t - A) is
linear and fracture is brittle.

The magnitude of the ultimate tangential stresses of the fiber glass reinforcement is
independent of the diameter and is of the order of 190 MPa, which corresponds to 0.29 ... .0.34 of the
ultimate resistance of the reinforcement in tension.

The magnitude of theultimate tangential stresses of the fiber plastic reinforcement does not
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depend on the diameter and is on the order of 190 ... 200 MPa, which corresponds to 0.22 ... .0.28 of
the ultimate resistance of the reinforcement in tension.

Other things being equal, the magnitude of the ultimate tangential stresses in the shear and the
relative deformations of the glass and basalt fiber reinforcement shear have similar values, and the
nature of their deformation obeys the general laws.

The results of the studies can be applied in the calculation of structures with glass and basalt
fiber reinforcement on the effect of transverse force in evaluating the strength of reinforcement in the
zone of intersection by a critical inclined crack.

Key words: glass fiber, basalt fiber reinforcement, strength, experiment, shear.
IIpo4YHOCTHh KOMIIO3UTHOM HEMETAJINYECKONU apMaTyphl HA cpe3
HOnui Knumoe

Kuesckuit HaLII/IOHaJ'IBHHﬁ YHUBCPCUTET CTPOUTCIILCTBA U APXUTCKTYPBHI,
yuliiklymov@gamail,com, https://orcid.org 0000-0002-4275-7058

B nokmame mnpuBeneHbl pe3ynbTaThl AKCHEPUMEHTAIBHBIX HCCIEAOBAaHUN IMPOYHOCTH
KOMITO3UTHOM 0a3aJIbTOIIACTHKOBOM M CTEKJIOIIACTUKOBOM apMaTyphl Ha Cpe3.

DKcrepuMeHTANIbHBIE UCCIIEAOBAHUS MPOBEACHBI IO METOY IBOITHOTO cpe3a B COOTBETCTBUU
¢ ACI 440.3R-04. B kavecTBe ONBITHBIX OOpa3lOB OBLIW MPUHSATHI ISl IPOBEACHUS HCIIBITAHUMA
ObUTM TPUHATHI CTEPKHU CTEKJIOIUIACTUKOBOW apMmaTypel auamerpoM 10 mm, 12 MM u
0a3abTOIIACTUKOBOM apmaTypsl 8§ MM, 10 MM 1 12 MM niuHo#M o 300 MM. Beero Ob110 HCTIbITaHO
MATh CEPUI TIO MATH 00Pa30OB B KaXIOH.

Harpyxxenune mnpou3BOAMIOCE MOHOTOHHO BO3pAacCTalolleld HArpy3Ko 10 pa3pylieHUs co
ckopocTthio 5,0 kH /mun s quamerpa 8 mm, 7,0 kH/mMun s nuamerpa 10 mm u 10,0 kH/Mun muis
auamerpa 12 MM, 9TO COOTBETCTBOBAJIO CKOPOCTH YBEIUYCHHS KacaTeNbHBIX HampspkeHui 30-60
MIIa/MuH.

[IpenenpHbIe KacaTenbHbIE HAMpPsHKEHUS (MPOYHOCTH KOMIIO3UTHON apMaTyphl Ha cpe3) I0

P
€3yJibTaTaM HCIIBITAHHUHN OIIPCACIIAIOTCA I1I0 POPMYIIC. T, = — , TAC Ty — NPpECACIBbHBIC KaCaTCIIbHBIC
"2A

HaTpsDKeHHst Tpu cpese, H/Mm?;, Ps — paspymaromee cpessiBatomee yennue, H; 4 — momas
TOTIEPEYHOTO CEUCHHUS CTEPIKHS, MM’

B pesynbrare NpOBENEHHBIX AKCIIEPUMEHTAIBHBIX HCCIIEN0BAHUNA IPOYHOCTH KOMIIO3UTHOM
apMaTypbl Ha Cpe3 YCTAHOBJIEHO, YTO 3aBHCHUMOCTb KacaTelbHbIE HANpPSDKEHUS — BEPTUKAIbHBIC
niepemereHus (T — A) UMeeT JIMHEWHBIH, a pa3pylIeHHe - XPYIKUi XapakTep.

BenmunHa npesieNibHbIX KacaTebHbIX HAMPSHKEHUH CTEKITOIIIACTUKOBOM apMaTyphbl HE 3aBUCHUT OT
mamerpa u cocraBisger nopsaka 190 Mlla, uro coorsercrByer 0,29....0,34 OT BpeMEHHOro
COIIPOTHBJIEHHS apMaTypbl IIPU PacTsLKEHUU.

Bennuuna npenenbHbIX KacaTellbHbIX HaNpshKeHUH 0a3abTOIIIaCTUKOBOM apMaTypbl HE 3aBUCHT
oT quaMerpa u cocrasisier nopsaka 190...200 MIIa, gro coorserctByer 0,22....0,28 OT BpeMEHHOTO
COIIPOTHBJIEHNS apMaTypbl IIPU PacTsDKEHNU.

[Ipy npourx paBHBIX YCIIOBHSX BEJIMYMHA MPENEIBHBIX KAaCATENIbHBIX HAIPSDKEHWH NPU Cpese U
OTHOCUTEJIbHBIX JedopMaliii CABUTA CTEKJIOJIACTUKOBOW M 0a3aibTOIUIACTUKOBOW HMEIOT OJIM3KHUE
3HAYEHMs, a XapaKkTep uX Ae(hOpMUPOBAHUS TOJUMHACTCS OOIMM 3aKOHOMEPHOCTSIM.
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Pe3ynbraThl IpoBEICHHBIX UCCIIEIOBAHUM MOTYT OBITh IPUMEHEHBI IIPU pacyeTe KOHCTPYKLU cO
CTEKJIOIJIACTUKOBOM M 0a3alIbTOIUIACTHKOBOW apMaTypoi Ha JEHCTBUE MONEpEeYHON CHIIBI TIPH OLIEHKE
IIPOYHOCTH apMaTypbl B 30HE IIEPECCUCHUS KPUTHUECKOW HAKIIOHHON TPEILMHOM.

Kntouesvle cnoea: crexnomacTHKoBas, 0a3aJbTOIUIACTUKOBAs apMaTrypa, HPOYHOCTD,
HKCIIEPUMEHT, CPE3.

Bu3zHavyeHHS HeCy40i 31aTHOCTI TABPOBOIO Iepepi3y i3 BUKOPHUCTAHHAM
crpoueHux giarpam aegopmyBaHHs MaTepiajiB

N .1 2
Onexcanodp Bouiyexiecokuil -, Temana Konopamenko

1y - o . o . o .
BIHHI/IHBKI/II/I HalllOHaJIbHUHU TEXHIYHUHU YHIBEPCUTET

1 voicehvinn@gmail.com, orcid.org/0000-0003-2764-9996
>TOB «I'epsin M3», Kondratenko09059@gmail.com, orcid.org/0000-0003-1795-3660

B cydacHux HOpMax MpPOEKTYBaHHs 3ali300eTOHHMX KOHCTpyKmid (1m.3.1.6. [1]) mpwu
BUKOHAHHI MEPEBIPOYHHUX PO3PAXYHKIB, a00 OMM3BKHX J0 HHX, JOIYCKAETHCS BUKOPHUCTOBYBATH
CIpOIICHY ABOJIHIHHY nmiarpamy aedopmyBaHHs OeToHY. B miif cTarTi pO3IIITHYTO METOIUKY
BHU3HAUEHHS HECy4yoi 3JaTHOCTI 3alli300€TOHHOI OaJKu TaBPOBOIO Mepepi3y 13 BUKOPHCTAHHAM
cipolieHux niarpaMm aeopmyBanHs MatepianiB. CrpoieHi aiarpamu aegopMyBaHHsS OETOHY Ta
apMaTypHOI cTajli NPUIMAKOTBCS 3riJHO OCHOBHUX BuMOr [1]. Ilpu BH3HAUCHHI HECydOi 31aTHOCTI
PO3IIISLIAETHCS HAIPY)KEHO-AS(POPMOBAHUI CTaH HOPMAJIBHOTO IEpepi3y B 3aJEKHOCTI B cTafii
pPOOOTH PO3TATHYTOI Ta CTHCHYTOI apMaTypH, MiCIe3HaXO/KEHHS HEUTPaIbHOI OCI MPH CTAJIOMY
reoMeTpUYHOMY Tepepisi.

Kputepiem pyliHyBaHHS NpUWMA€EThCS JAOCATHEHHSI TPaHUYHUX JAedopmaliiii B po3TATHYTIN
apmatypi abo B CTHUCHYTOMY O€TOHI. AJITOpUTM pO3paxyHKY mependadae HACTYIHI oOfepartii.
Bu3HayeHHs1 MiClIe3HAXO/KEHHsSI HEUTPaJIbHOI OCi 13 MPUITYIIEHHs, 1[0 apMaTypa B CTUCHYTIH Ta
PO3TATHYTIM 30HI Hpaloe Ha CTalil TEKydocTi, a Jaedopmarii B OETOHI JOCATalOTh I'PaHMYHHUX
3Ha4eHb. [licast 1bOro METOZ0M MOCTYNOBOrO MiI0OPY MU IepeBipseMo 12 MOXIMBHX BapiaHTIB
BUHUKHEHHS PI3HUX HAINPYXEHO-Ie(OPMOBAHUX CTaHIB TIepepi3y, 110 MOXYTb BUHUKHYTH B
KOHKPETHUX TPOEKTHHUX yMmoBax. Lle 703Boisie OTpUMaTH MPOCTi, 3 MaTeMaTHYHOI TOYKH 30Dy,
1HKEeHepH1 pimeHHs. Takuil miAXiJ [03BOJSE 3pO3YMITH €Tand poOOTH KOHCTPYKLII MiJ Ji€ro
HAaBAaHTA)XCHHS, OLIHUTU €(EKTUBHICTh BUKOPUCTAHHS apMaTypd B CTUCHYTIH Ta pPO3TATHYTIN
30HaX 3aJl1300€TOHY, 3pO3yMITH OCHOBHU PalllOHAJIBHOTIO MPOEKTYBAHHS KOHCTPYKLIi, TOMYy MOXeE
IIMPOKO BUKOPHCTOBYBATHCH SIK B IH)KEHEPHIN MpaKTHIll, Tak 1 B y400BOMY Mpolieci NPy HaBYaHHI
1H)KEHEPIB-TIPOCKTYBAIbHHUKIB.

Knwouogi cnosa: Hecyua 31aTHICTh TaBPOBOTO MEpepi3y, CIPOIIEHI JiarpamMu 1eopMyBaHHS,
cTaaii poOOTH apMaTypH.

Determining bearing capacity of T-shaped profile by using simplified
deformation diagrams of materials

Oleksandr Voitsekhivskyi *, Tetiana Kondratenko?

Vinnytsia national technical university
1 Voicehvinn@gmail.com, orcid.org/0000-0003-2764-9996
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In modern standards of projecting iron-concrete construction (p.3.1.6. [1]) with making
checking calculations or close to it, allowed to use simplified two-line diagram of concrete’s
deformation. In this article was looked the method of definition iron-concrete beam's bearing
capacity of T-shape profile by using simplified deformation diagrams of materials. The simplified
diagrams of concrete’s deformation and reinforcing steel are accepted in accordance with the basic
requirements [1]. The strained-deformed state of normal profile is considered depending on work’s
stage stretched and compressed fittings, the location of the neutral axis at a constant geometric cross
profile in determining the bearing capacity.

The criterion of destruction is the achievement of limiting deformations in stretched fittings or
in  compressed concrete. The algorithm of calculation involves the following
operations.Determination of the location of the neutral axis with the assumption that the fittings in
the compressed and stretched zone works at the stage of flow, and deformations in the concrete
reaches the limit values. After that check all 12 possible variants of occurrence of various strained-
deformed profile’s states that can arise in the specific conditions by method of gradual selection.
This allows to get simple, from a mathematical point of view, engineering solutions. This approach
allows to understand the stages of the construction’s work under the influence of the load, to
evaluate the efficiency of the using fittings in the compressed and stretched zones of iron-concrete,
to understand the basis of rational construction’s desing, therefore, can widely use as in engineering
practice as in the training process in the teaching of design engineers.

Key words. Bearing capacity of T-shaped profile, simplified deformation diagrams of materials,
work’s stages of the armature.

OnpenesieHue Hecyleil CIOCOOHOCTH TABPOBOI0 CEYEHUS ¢ UCIOJIb30BAHUEM
YIPOIIEHHBIX JUArpamMm JeGopMUpPOBaHUA MATEPHATIOB

. .1 2
Anekcandp Boiuyexoeckuii -, Tamvana Konopamenko

1 o o o
Bunnaunkuii HalmmoHAIBHBINA TEXHUUYECKUN YHUBCPCUTET

1 Voicehvinn@gmail.com, orcid.org/0000-0003-2764-9996
’TOB «I'epeun M3». Kondratenko09059@gmail.com, orcid.org/0000-0003-1795-3660

B coBpeMeHHBIX HOpMax MPOCKTUPOBAHUS KeIe300eTOHHBIX KOHCTpyKImid (11.3.1.6. [1]) mpu
WCTIOJHEHUU TPOBEPOYHBIX pacyeToB, HJIM ONM3KUX K HHUM, JOMYCKaeTCsl HCIOJIb30BaTh
YIIPOUICHHYIO JBOJMHENHHYI0 Auarpammy JedopMupoBaHus 6eToHa. B 3Toil crarbe paccMOTpeHO
METOAMKY ONpeeNeHHs] HeCyIlel CIIOCOOHOCTH KelIe300€TOHHON Oallki TaBpOBOTO CEUEHHUs U3
UCMOJb30BAHUEM  YIPOIICHHBIX JMarpaMM  Ae(opMUpOBaHHS MaTepHajoB. YIPOIICHHBIE
auarpamMmbl AegopMupoBaHUs OeTOHA M apMaTypHOM cTalnyd MPUHHUMAIOTCS COTJIACHO OCHOBHBIX
ycnosuii  [1]. Tlpu ompeaeneHuM HeCyIled CIOCOOHOCTH pPAacCMAaTPHBAETCS  HAMPSHKEHHO-
ne(pOpMUPOBAHHOE COCTOSIHME  HOPMAJbHOTO CEUEHHUsI B 3aBUCUMOCTH OT CTaauu paboThl
pacTSIHyTOM M CXaTOM apMaTypbl, MECTOHAXOXIEHUE HEUTPAIbHOM OCH TPU MOCTOSHHOM
reOMEeTPUYECKUM CEUYEHUHU.

Kpurepuem paspyuieHus IpUHUMAETCS JOCTH)KEHUE TPAaHUYHBIX JeQopMaluil B pacTIHYTON
apMaType WM B CKaToM OeToHe. ANTOPUTM pacyera MpelycMaTpUBAET CIEAYIOLIUE ONepaluu.
OnpeneneHre MECTOHAX0KAEHUS HEUTPAIbHON OCH M3 MIPEAIIONIOKEHUS, YTO apMaTypa B CKaTol U
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pacTsAHyTOM 30HaX pabOTaeT Ha CTaJAUU TEKYUYECTH, a AeopManuu B 6ETOHE JOCTUTAIOT T'PAHUYHBIX
3HayeHuid. Ilocie 3TOro, METOIOM MMOCTENEHHOTO MOA00pa, MBI TMpoBepsieM 12 BO3MOMXKHBIX
BAapUaHTOB MOSIBIICHHUS Pa3HBIX HANPSKEHHO—1E(OPMHUPOBAHHBIX COCTOSHHUI CEUYEHHUs, KOTOpHIC
MOT'YT HOSIBUTBCSI B KOHKPETHBIX IPOEKTHBIX YCIOBHUSX. ODTO IO3BOJSET OJAEPKATh IPOCTHIE, C
MaTEMaTUUECKON TOYKU 3PEHMS], NHKEHEPHbIE pelieHus. Takoil moaxo/ MOo3BOJISIET MOHATh 3Tallbl
pabOThl KOHCTPYKLMHU IOJ J€HCTBHEM Harpy3kd, OLEHHUTb 3()()EKTUBHOCTb HCHOIb30BAHMS
apMaTypbl B CXXAaTOM W pacTSIHYTOM 30HaX >KelIe300€TOHa, IOHATh OCHOBBI PALMOHAIBHOIO
IPOEKTUPOBAHUS KOHCTPYKLUH, IO3TOMY MOXKET LIMPOKO HCIIOJIb30BaThCsl Kak B HMHXKEHEPHOM
IIPAKTHUKE, TAaK U B y4eOHOM Ipoliecce Npu 00y4yeHUH HHKEHEPOB — IPOCKTHUPOBIIMKOB.

Kniouegwvie cnoga: Hecymas CIOCOOHOCTh TaBPOBOI'O CEUEHMS, YIPOLICHHBIE IUArPaMMBI
nepopMupoBaHus, cTaiuu paboTH apMaTypHI.

IIpo MOkIMBICTH BUKOPHUCTAHHS CKJIOILIACTHKOBOL
apMaTypH B OyAiBeJbHUX KOHCTPYKLIAX

JTwoomuna Agpanacveea
KuiBchbkuii HallioHaIbHUM YHIBEPCUTET OYIIBHUIITBA 1 apXITEKTYypH,
afanasieva2709@amail.com, http//orcid.org 0000-0003-4688-369X

JIonoBiJib  MpHUCBSIYEHA JAOCHIPKEHHIO MOMJIMBOCTI BHUKOPUCTaHHA  CKJIOIUIACTMKOBOL
apMaTypu s TEBHOrO Kjacy OyniBelbHHUX KOHCTpyKUid. Ha mincraBi mpoBeaeHOro
MOPIBHSJILHOTO aHai3y (PI3UKO-MEXaHIYHUX BJIACTUBOCTEW CTAIBHOI Ta HEMETAJIEBOI KOMITO3UTHOL
apMaTypu HaBEJCHWH BapiaHT KOHCTPYIOBaHHS (YHIAMEHTHOI IUTUTH 3  BKJIIOYCHHSIM
CKJIOTUTACTHKOBOI apMmarypu. JIOIiNBbHICTh BHKOPHCTAaHHS OCTAaHHBOI OOYMOBJIIEHA MOKIIHBOIO
KOpPO31€10 CTaJbHOI apMaTypH B pa3l BUHUKHEHHS TPILIMH B MpoIleci eKcrulyarauii pyHIaMeHTHOI
TUTUTH.

3 MeTo0 BH3HAUeHHs €()eKTHBHOCTI BUKOPUCTAHHS CKJIOIUIACTHUKOBOI apMaTypH B JOCHTIIHIN
IUIUTI BUKOHAHI PO3PAaxyHKU MIIHOCTI,TPIIIMHOCTIMKOCTI Ta JepOopMaTUBHOCTI KOHCTPYKLIi 3
BUKOPUCTaHHAM TNporpamHoro komiuiekcy «JIIPA CAIIP». Po3paxyHky miansranu ¢yHIaMEeHTHi
IUTUTU-0JIN3HIOKH, 1110 apMOBaHl CTaJlbHOIO Ta CKJIOIUIACTUKOBOIO apMmaryporo. Jlns apMyBaHHS
JOCTIAHUX 3aJ11300€TOHHUX IUIMT BUKOPUCTOBYBAJIM  CTajlbHy apMaTrypy kiacy A400C, mio
BIJIOBIAAI0O apMYBaHHIO pEAJbHUX KOHCTPYKLIH. ApMYyBaHHSI CKJIOIJIACTUKOBOIO apMaTyporo
3/IIACHIOBAJIOCh 3 BUKOPHCTAHHSM CKJIOPOBIHTY, IIIO IMOB’SI3aHUN  E€MOKCHJIHOK CMOJIOKO, Kiacy
AKC 600.

3a pe3ynbTaTaMM NPOBEIEHUX PO3PAaXyHKIB OTPHUMaHI MapaMeTpH HampyKeHo-Ae(popMOBaHOTO
CTaHy JOCHIJHUX IUIUT, a TaKOX XapakTep pO3MOAUTYy HampyXeHb 1 Jedopmaliil B IUTUTAX.
[TopiBHSIBHUE aHaNI3 pe3ybTaTIB PO3PAXyHKY CBIIUMTH, IO HIMPHUHA PO3KPUTTS TPILIMH IUIUT 3i
CKJIOIUIACTHKOBOIO apMaryporo B 2,5-3,0 pa3u MeHIle, HK B 3aJ1i300eTOHHUX TuMTax. [Ipu npomy
nepOpMaTUBHICTh 3a3HAYEHUX IUIMT-OJM3HIOKIB BIAPI3HIETbCSA HECYTTEBO, MPOTUH IUIUT 31
CKJIOTUTACTHKOBOIO apMaTyporo 10 8,0% OinbIiire, HiXk 3a7i300€ TOHHUX TITUT.

Takum 9rHOM, TTPOBENICHI YHCENIbHI JOCIHIKEHHS CBIIYaTh, 1[0 BUKOPUCTAHHS HEMETAIECBOI
CKJIOIIJIACTMKOBOI apMaTypu JOLUIbHO B OyIIBEIbHUX KOHCTPYKLIAX, 1O SKHX BHUCYBAIOTh
MiABHUILEH] BUMOTH 111010 3MEHIICHHS IUPUHU PO3KPHUTTS TPIIIMH B MPOLIEC] eKCIUTyaTaIlii.
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Kntouosi cnosa: cxnomnactukoBa apmarypa, (yHIaMEHTHAa IUIMTA, LIMPHHA PO3KPUTTS
TPILIUH.

About the possibility of using fiberglass reinforcement in the
building structures

Lyudmyla Afanasyeva
Kiev National University of Construction and Architecture
afanaseva2709@gmail.com, http//orcid.org 0000-0003-4688-369X

The report is devoted to the research of the possibility of fiberglass reinforcement usage for
the certain class of building structures. Basing on the comparative analysis of the physical and
mechanical features of steel and non-metallic composite reinforcement, the option of the base plate
construction with the inclusion of the fiberglass reinforcement is provided. The expediency of using
the latter is due to the possible corrosion of steel reinforcement in case of the cracks during the
exploitation of the base plate.

With the purpose to determine the using effectiveness of the fiberglass reinforcement, in the
researched plate the calculations of strength, fracture and deformation structures using software
system "LIRA CAD" are applied. The calculation was made on the twin base plates reinforced with
steel and fiberglass reinforcement. Steel reinforcement of the class A400C, which corresponds to
the reinforcement of real constructions, was used to reinforce the experimental reinforced concrete
plates. Reinforcing with the fiberglass reinforcement was carried out using a roving that is
connected with the epoxy, class AKC 600.

Upon the results of the held calculations, there were obtained the parameters of the intensely
deflected mode of researched plates, as well as the dimension of the stresses and strains distribution
in the plates. The comparative analysis of calculation shows that the width of the plate crack
opening with fiberglass reinforcement is 2.5-3.0 times less than in the concrete plates. Meanwhile,
the deformation of these twin plates differs slightly, the plate deflection with fiberglass
reinforcement is up to 8.0% over the concrete plates.

Thus, the conducted numerous researches show that the usage of the non-metallic fiberglass
reinforcement is efficient in the building structures, which make high demands to reduce the width
of the crack opening during the operation process.

Key words: fiberglass reinforcement, base plate, width of the cracks opening.

O BO3MOKHOCTH IPUMEHEHHS CTEKJIOIUIACTUKOBOM apMaTypbl
B CTPOMTEIbHBIX KOHCTPYKIMSAX

JToomuna Agpanacwvesa
KueBckuii HaI_II/IOHaHLHHﬁ YHUBCPCUTET CTPOUTCIILCTBA U apXUTCKTYPHI,
afanaseva2709@gmail.com, http// orsid.org. 0000-0003-4688-369X

Jloksiaq TIOCBSILIEH HCCIIEOBAHUIO BO3MOXKHOCTH TNPUMEHEHHS CTEKJIOIUIACTUKOBOM
apMaTyphbl 1J1s ONPEEeNIEHHOT0 Klacca CTPOUTENbHBIX KOHCTPYKIHi. Ha ocHOBaHMM MpoBEeIEHHOTO
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CPaBHUTEIBHOTO aHAM3a (PU3UKO-MEXAaHMUYECKHMX CBOWCTB CTaJbHOM W HEMETaUIMYeCKOU
KOMIIO3UTHOW apMaTypbl TIPUBEACH BapHaHT KOHCTPYMPOBaHUS (YHAAMEHTHOM IUIUTHI C
BKJIIOUEHUEM CTEKJIOIUIACTUKOBOM apMatrypel. LlenecooOpa3HOCTb NpUMEHEHUs MOCieIHEeN
00yCJIOBIIEHa BO3MOXXHOM KOPPO3WEH CTaJbHOW apMaTypsl B Cllydae IMOSIBICHUS TPEIIUH B
nporiecce dKCIyaTanuy GyHIaMeHTHOW TUIATHI.

C penpto omnpeneneHuss 3p(EeKTUBHOCTH HCIOIb30BAHUSA B ONBITHOW IIJIMTE BBITOJHEHbI
pacyeTsl MPOYHOCTH, TPEIIMHOCTOMKOCTH U J1€(OPMATUBHOCTU KOHCTPYKLHUH C MCIOJb30BaHUEM
nporpammuoro komrmuiekca «JIMPA CAIIP». Pacuery mnomnexanmu ¢yHIaMEHTHBIC ILIATHI-
OJM3HEILbl, apMHPOBAHHBIE CTAJBHOM M CTEKJIOIUIACTUKOBOM apMmaTypoil. [lig apMupoBaHUs
ONBITHBIX IUIUT HCIIOJIb30BaHa cTanbHas apmarypa kiacca A400C, 4To COOTBETCTBOBAJIO
apPMHUPOBAHMIO  PEAIBHBIX KOHCTPYKLUMH. ApMHMpPOBAaHHME CTEKJIOIUIACTUKOBOM  apMaTypou
OCYILECTBIISUIOCh C MCIIONb30BAaHUEM CTEKJIOPOBHHIA, CBA3aHHOI'O SIOKCHJIHOM CMOJIOH, Kiacca
AKC 600.

B pe3ynbraTre  BBINOJIHEHHBIX  pacyeToB  IOJYYEHbl  [ApaMeTpbl  HaNpsKEHHO-
1e(OpMUPOBAHHOI'O COCTOSHUS ONBITHBIX IIJIMT, a TAK)KE XapakTep pacnpeieieHus HanpspKeHUud u
nepopmanuii B muutax. CpaBHUTENBbHBIA aHAIM3 pPE3yJIbTATOB pacdyeTa CBUJIETEIbCTBYET, UTO
IIMPUHA PACKPBITHS TPEIIMH IUIUT CO CTEKJIOMIACTUKOBON apmarypoi B 2,5-3,0 pa3za MeHblIle, 4eM
B JKEJNE300€TOHHBIX IUIHMTaX. llpm 3TOM 1edOpMATUBHOCTH YKa3aHHBIX IUIMT- OJIM3HEIOB
OTJIMYAETCs HECYHIECTBEHHO, MPOTHO IUIMT CO CTEKIIOIUIACTUKOBOW apMaTypoit n0 8,0% Oombiie,
94eM HKeJIe300€TOHHBIX TUIHT.

Takum 00pa3oMm, MpPOBEACHHBIE YHWCIOBBIE HCCICIOBAHUS  CBHJETEIBCTBYIOT, YTO
UCMOJb30BAHUE  HEMETANIMYEeCKOM  CTEKJIOIIACTUKOBOW  apMmaryphl  IIeJecoo0pa3HO B
CTPOUTENIbHBIX KOHCTPYKIMSAX, K KOTOPBIM NPEIbSABISIOT TPEOOBAHUS MO YMEHBIICHUIO IIUPUHBI
PaCKpBITUS TPEIIMH B MPOLIECCE IKCILUTyaTalllu.

Knrwoueswie cnoga: CTEKIOMIACTUKOBAs apMarypa, GQyHIaMEHTHAs ILIMTA, IIUPUHA PACKPBITUS
TPEILHH.

Onrumizanis NaJMBHOIO pe3epByapy 3 IVIABAKYHUM JaXOM MPH 00MeKeHHi
HANPYKEHb, NepeMillleHb, BJJACHUX YaCTOT KOJIMBAHHSL.

Onexcandp Kowesuii

KuiBchkuii HallioHaNbHUM yHIBEpCUTET Oy IIBHUITBA Ta ApXITEKTYPH.
380939339872@yandex.ua, https://orcid.0000-0002-1903-2905

JlonoBiib MpHUCBsiUEHA ONTHUMI3allli MaJMBHOTO pe3epByapy 3 MJIaBarouuM gaxoMm. [Iporpama
ONTHUMI3Alll JI03BOJISIE 3HAWTHU ONTUMYM KOHCTPYKLII B XoJl MiHIMI3alii abo Makcumizarii
npu3HaueHoi 1MutboBoi pynkmii. [limpoBoro QyHKIIEIO € Maca 00omoHKH. B mporeci onTumizartii
000JIOHKU MIJOUPAETHCS TOBUIMHA, 110 € MPOEKTHOIO 3MiHHOW. [Ipy 3MiHI MPOEKTHUX HEBIJOMUX
MOBUHHI BHUKOHYBaTHCh OOMEXKEHHs, SIKI HakJIaJeHl Ha BIATYK KOHCTPYKIIlT Ha 3MiHHI
MIPOEKTYBaHHS.
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MaremaTuuHe MpEaACTaBICHHA 3anaqi IIPOCKTYBAaHHA Ha3HuBA€ETHCA 3araJJbHUM

dopMymoBaHHSAM  3ajmaui  omTHMi3amii, iforo Moxkna 3anmcatn Tak: F(X) — min,
aeX = (X,,X,,......X,, ) - smiuni npoexrysanns.

B xoni po3paxyHKy BHUKOHYEThCS Moau(dikaiis KOHCTPYKIli, MpU IOMY OTPHUMAEMO
3MEHIICHHSI Macu OOOJIOHKH JUIs MAJIMBHOTO Pe3epByapy 3 IUIABAKOUUM JIaXOM, IO MPHUBOAMTH JO
aBTOMATHYHOTO TIPOIIECy MiJ00py TOBIIMHU OOOJIOHKH, i HporpamMa BUBOJIUTH ONTHMAJIbHY
TOBIIMHY KOHCTPYKIIii, NMPH 3aJaHOMY JIIMITi: HAIpYXXEHHS, TEPEeMIIICHHS 1 BJIACHOI YacTOTH
KOJIMBaHb.

Knwuogi cnosa: ontumizanisi, IpOeKTYBaHHs, 000JOHKH, TAIMBHUI pe3epByap, ONTUMI3aIlisg
pe3epByapiB, ontuMizamist Femap Nastran, uucenbHe JOCTiKEHHS.

Optimization of propellant tanks with floating roof and limits by stresses,
displacements, natural frequencies of oscillation

Oleksandr Koshevyi
Kyiv national University of construction and architecture
380939339872@yandex.ua, https://orcid.0000-0002-1903-2905

The paper says about optimization of the fuel tank with floating roof. The optimization
program allows to find the optimum of in the course of the minimization or maximization of the
objective function assigned. The objective function is the weight of the shell. In the process of
optimization of the shell thickness is chosen, which is a design variable. Changing the unknown
design details should run restrictions that are imposed on the construction and on changing design
details.

A mathematical representation of the design problem is called a General formulation of the
optimization problem can be written as: F(X )—min, where X =(X_1,X 2......X n ) the variables of
the design.

In the course of the calculation the construction of the shell is modified, in the same time we
get the reduction of it weight for the fuel tank with floating roof that leads to the automatic selection
process of thickness of the shell and the program outputs the optimal thickness of the structure at a
given limits: stress, displacement and natural frequency.

Keywords: optimization, design, shells, fuel reservoir, optimization of reservoirs, optimization
Femap Nastran, numerical analysis.

OnrumMu3anus TOIVIMBHOIO pe3epByapa ¢ IVIaBalliell Kpbllied npu
OrpaHUYEHUH HANPSIZKEHUI, IepeMelleHUil, COOCTBEHHBIX YaCTOT KOJIeOaHui

Anexcanop Kowegoii

Kuesckuit HaLlI/IOHaJ'IBHHﬁ YHUBCPCUTET CTPOUTCIILCTBA U aPXUTCKTYPhI
380939339872@yandex.ua, https://orcid.0000-0002-1903-2905
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Jloksiam MOCBAIAETCS ONTHUMHU3AIMKA TOIUIMBHOIO pPE3€pByapa 3 IUIABAIOLICH KpBIIIEH.
IIporpaMMa onTuMH3alMK [O3BOJSIET HAWTH ONTUMYM KOHCTPYKLHH B XOJ€ MUHMMM3ALUHU WU
MaKCUMH3aIMK Ha3HaueHHOH 1eneBoi ¢pynkuuu. LleneBoit pyHkuueit apnserca macca obonouku. B
nporecce ONTUMH3AINK 000JI0YKH MOAOUPACTCS TOMIINHA, YTO SBJISETCS MPOCSKTHOM HEM3BECTHOM.

IIpy M3MEHEHUM NPOEKTHBIX HEU3BECTHBIX JIOJKHBI BBIIOJHATHCA OIPAaHUYEHHUS, KaKue
HAJIO’KEHBI HA OTKJIMK KOHCTPYKIIMU Ha IPOEKTHBIC HEU3BECTHBIE.

Matemaruueckoe  NpEeACTaBICHUS  3aJauyd  MPOCKTUPOBAHME  HA3bIBaeTcs  OOLIUM

(GopMHUpOBaHHEM 3a7auM ONTHMHM3ALMH, €r0 MOKHO HammcaTh TakuMm obpasom: F(X) — min,

rne X = (X, X5, ... ... X,, ) - Hen3BeCTHBIE IPOEKTHPOBAHHUSL.

B xone pacuer BBIMOTHAETCS MOIUGUKAIUS KOHCTPYKIIUU, TIPH 3TOM TIOJTy4aeM YMEHBIICHUS
Macchl OOOJIOYKH I TOIUTMBHOTO pe3epByapa C IUIABAIONMICH KPBIIICH, YTO NPHUBOJUT K
aBTOMATH3MPOBAHHOMY TIPOIIECCY MMOM0Opa TOJIIMHBI OOOJIOYKH, M MPOrpaMMa BBIBOJIUT
ONTUMAIILHYIO TOJIIUHY KOHCTPYKIIMH, MPH 33JaHHOM JIMMHTE: HANpSHDKCHUS, MEPEMEIICHUS |
COOCTBEHHOH 4acTOTHI KOJIeOaHUIA.

Knwuesvie cnoea: ontuMusanus, MNPOEKTUPOBaHHE, OOOJOYKH, TOIUIMBHBIM pe3epByap,
ONTUMM3ALMA Pe3epByapoB, ontumusanusa Femap Nastran, 4nciieHHOE HCCIeI0BaHUE.

JocaigxeHHss BIULIUBY 0a3a16T0BOI GiOpu Ha izuko-MexaHiuHI
BJIACTUBOCTI ac(hajabT00ETOHY

Apmyp Onuwenko', Muxona apkywa®, €szen Inasiii®

1,23 . o 9 :
Hamionansauit TPAHIIOPTHUU YHIBEPCUTCT,

*dirtechnobasalt@gmail.com, https://orcid.org/0000-0002-2025-0715

Byno npoBeneHo psa IOCHIIKEHb 13 PI3HUMH TUIAMU ac(hanbTOOETOHHOI CyMmilli, SIKi Jain
MO3UTHUBHI Pe3yabTaTH 1 JO3BOJMJIO BIPOBAJAUTH HA pealbHUX O0’€KTaX B HEXKOPCTKOMY
JOPOKHBOMY OJISITY aBTOMOOUIBHUX A0OPIr 0a3aibToBy (iOpy 13 ONTUMAIbHUMU BUTPaTaMHu.

ITpoBeneHi nocikeHHs B 1a0OpaTOPHUX yMOBax Ta Oe3nocepeaHbo Ha OyTiBHUITBI AalOTh
MOKJIUBICTh ~ CTBEPPKYBAaTH MpPO IMOKpAIlleHHS TOKAa3HUKIB Ha MIIHICTh, JOBTOBIYHICTb
ac(anbTOOETOHY, a TaKOXX MMO3WTUBHO BIUIMBATH HA CTPYKTYpPHI BIACTHBOCTI ac(aabTOOETOHHOI
CYMIII MIABUIYIOYH TPIIIMHOCTINKICTB, OMIpP /10 3CYBY Ta CTIUKICTH 10 YTBOPEHHS KOJIIH.

Knrowuosi cnoea: 6azanpToBa (idpa, achambToOETOHHA CyMIll, TOBTrOBIYHICTh, MIIHICTh HA
CTHCK, TPIIIIMHOCTINKICTb.

Investigation of the influence of basalt fiber on the physical and mechanical
properties of asphalt concrete

'Artur Onishchenko, 2Nikolai Garkusha, *levgen Plazii.
L23National Transport University,
3dirtechnobasalt@gmail.com, https://orcid.org/0000-0002-2025-0715
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A number of studies were carried out with different types of asphalt-concrete mixture, which
showed positive results and allowed basalt fiber with optimal costs to be applied to real objects in
non-rigid road pavement of motor roads.

The carried out researches in laboratory and directly on the construction make it possible to
assert about the improvement of the indicators for the strength, durability of asphalt concrete, and
also positively influence the structural properties of the asphalt mixture, increasing the crack
resistance, resistance to shear and rutting resistance.

Key words: basalt fiber, asphalt mix, durability, compressive strength, crack resistance.

HUccaenoBanue BausiHus 0a3aabT0BOM GUOPHI HA PU3UKO-MEXaHUYECKHUE
cBolicTBa acanbTodeTOHA

Apmyp Onuwenko®, Huxonaii I' apkywaz, Eezenuii Inasuii®
123 anmonanbHbIit TPaHIIOPTHBIA YHUBEPCUTET,
*dirtechnobasalt@gmail.com, https://orcid.org/0000-0002-2025-0715

Beul mpoBeneH psA MCCIENOBAaHMW C Pa3IMYHBIMH THIIAMHU ac(albTOOCTOHHOH CMECH,
KOTOpBIE JalU TOJIOKHUTEIbHBIE PE3YylbTaThl U MO3BOJWIO BHEIPUTh HA pEallbHbIX OOBEKTaxX B
HEKECTKOW JIOPOKHOM OJEKIBl aBTOMOOMIIBHBIX JOPOr 0a3aibTOBYIO (PHOpPY C ONTUMAIbHBIMU
pacxonamMy.

IIpoBeneHHbIE HCCaeI0BaHUS B JIAOOPATOPHBIX U HEMOCPEACTBEHHO Ha CTPOMTEIbCTBE JAIOT
BO3MOXKHOCTh YTBEpKJIaThb 00 yIydllIEHUM I[IOKa3zaTelell Ha NPOYHOCTh, JOJTOBEYHOCTh
acambTOOETOHA, a TaK)Ke IMOJIOKUTEIBHO BIUATh Ha CTPYKTYpHBIE CBOMCTBa ac(haabTOOETOHHOM
CMECH MOBBIIIAs TPEIIUHOCTOUKOCTh, CONPOTUBICHUE K CABHUIY U YCTOHYHMBOCTH K OOPa30BaHUIO
KOJIEH.

Kniwueevie cnosa: O6GazanproBas (ubpa, acdanbToOETOHHAsS CMECh, JOJITOBEYHOCTD,
MIPOYHOCTH Ha CIKATHUE, TPEIIUHOCTOHKOCTD.

ITapamerpu3auis OyaiBeJbHUX 00’ €KTIB
3a BAMOTIaMM PelUKJIiHIa

Tanna IInakosa

KuiBchkuil HallloHaIbHUM yHIBEPCUTET OYAIBHUITBA Ta apXITEKTYpPH,
shpakova.a@gmail.com, https://orcid.org/0000-0003-2124-0815

JlonoBiib MpPHUCBAYEHA aHaNi3y TPyl MapaMmeTpiB OyaiBeNbHUX OO0 €KTIB, SIKI BIUIMBAIOThH
CIIOYATKy Ha CTPOKH 1X 3BEJCHHS, a MOTIM MOCTIAYI0U0i eKCIIyaTalii, MOKINBOI pEKOHCTPYKIIIi Ta
3HeceHHs. [lapamerpu3allisi — €JIeMEHT CHCTEMHOr0 aHalli3y IMpolecy, KU Mojsrae B BUAUICHHI
CYTTEBUX Jil0uMX (aKTOpiB, IXHHOMY ONHCI Ta SKICHIA OLIHII OTpUMaHUX napaMerpiB. B
CYy4aCHOMY JKUTTI MOHATTS «IIapaMeTpHu3allis» pO3IIAIAEThCs SIK MEXaHI3M IPOrHO30BAHOTO (a
TOYHIIIIE, PO3PAXOBAHOI0) III¢ Ha CTajii MPOEKTy CTPOKY iCHyBaHHSA 00’ekTa. B OymiBHMLITBI — 1€
qac icHyBaHHS OyJ1iBEIbHOTO 00’ €KTa 13 3alaHUMH KOHCTPYKTUBHO-TEXHOJIOTTYHUMHU TTOKa3HUKAMU:
BiJl MOYATKY 3BEJCHHS IO MOMEHTY 3HECEHHSI.

IIpu anani3i cmektpa OyniBedb 1 CHOPYX PI3HOTO (YHKIIOHAJIBHOTO TNPU3HAYEHHS Ta
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apXITEeKTypHO-KOHCTPYKTHBHUX pillieHb OYyJ0 BHAUICHO HACTYIHI TpPYNUd TapameTpiB: 3a
KaTeropi€l0  BiANOBIJAIBHOCTI, KaTEroOpi€l0  KamiTaJbHOCTI  OyAiBeNbHUX  KOHCTPYKLIH,
(GyHKLIOHATBHUM TPU3HAYEHHSAM (IPOMMCIOBUHM, KUTIOBUH YH COLIAIBbHO-TIOOYTOBUI 00’€KT,
TOIII0), PO3PaXyHKOBUM TEPMIHOM €KCIUTyaTarlil Ta iHIIi.

[MTapanensHO Oyu pO3IIISHYTI ICHYIOUI B Cy4acHId BITUYM3HSAHIN Ta 3aKOPAOHHINM Oy/iBeNbHIN
rajy3i BapiaHTH BHKOPHUCTAHHS OYIIBEIbHUX BIAXOJIB Yy TOBTOPHOMY BHKOPHCTAaHHI IIpH
BHUT'OTOBJICHHI OYyJIBEJIbHUX MaTepiajiB, KOHCTPYKIIK Ta BUpoOiB. CiliJl 3a3HaYUTH, 110 BTOPUHHA
CUPOBHHA HE € MOBHOLIHHUM Oy/iBelIbHUM MaTepiajoM, BOHa Ma€ HHU3bKi MOKa3HUKH MIIHOCTI,
OOMEKEeHHsI 111010 3aCTOCYBaHHS IO €KOJIOTITYHUM 1 CaHITapHO-TIFIEHIYHUM BHUMOTaM, aje Mae
MOPIBHSIHO HU3BKY BapTICTh (3A€OLIBIIOrO 3a KOPAOHOM, I AIFOTh OOMEXKCHHS Ha BUKOPUCTAHHS
MEPBUHHOI TMPUPOIHOI CHUPOBHHH). BpaxoByrodi I1i 0COOJMBOCTI, po3poOieHa Kiacudikarris
OyamiBeTbHUX MaTepialliB Ta KOHCTPYKIIM 3 BTOPUHHOI CHPOBHHHM 3a iX KOHCTPYKTHBHHMHU
(MILIHICTB, MPY)KHICTh, IJIACTUYHICTH), TEXHOJIOTIYHUMH (MOHOIIITHICTh, 3HOCOCTIHKICTh, TOIIO) Ta
eKCIUTyaTalliiHUMU (TepMiH BUKOPUCTAHHSI, IEPIOJUYHICTh TOTOKOBUX PEMOHTIB 1 T.i1H.) 03HAKAMHU.

B pesynbrari HaknagaHHs kiacudikaiiii BUSBUIUCH TEBHI 3aKOHOMIPHOCTI y BUKOPUCTaHHI
MaTepiamiB 1 KOHCTPYKLiA B 3aJaHux ymoBax. [Ipu BHU3HAUYE€HHI TEpPMiHY eKCIUTyaTari
OyniBenbHOro 00’€kta sk ynkmii f(t), ska 3anexuth Big 1imoro psamay ¢yHkiioHanbHUX (P;),
apXiTeKTYpHO-KOHCTPYKTUBHUX TapamerpiB (Py), TOIIO, CIiJl 3ayBaXKHUTH, IO B CBOIO 4epry Ii
napaMeTpH 3ajJekaTh BiJ (Di3MKO-MEXaHIYHUX BIACTHBOCTEH MarepialliB, CTPOK SIKUX MOXe OyTh
BiJIpEryJIboBaHoO Ha ctajii Bupoouuirsa {M;, My... }=f(t).

TakuM YMHOM PEUUKIIHT («IOBTOPHE BUKOPUCTAHHS») B OYIIBHHUITBI € HE TIJIHBKA BUMOTOIO
94acy CTOCOBHO €KOJIOTTYHOCTI JKHUTTS, a TAaKOK BpaxoByro4H HaiioHalbHY CTpaTerilo yrpaBiiHHS
Bigxoaamu B Ykpaini 1o 2030 p., miJIcTaBOIO A1 BUKOPUCTAHHS NapaMeTpHu3alii 3 KOMepLiitHO
METOIO JJIsl pO3BUTKY OyaiBeNIbHOI raimy3i YKpaiHu.

Knwuoei cnoea: peuukIiHI, NHapamMeTpu3allis, MIIHICTb KOHCTPYKLIH, KOHCTPYKTHBHO-
TEXHOJIOT1YHI MOKa3HUKH.

Parametrization of construction objects according to the
requirements of recycling

Hanna Shpakova
Kyiv National University of Construction and Architecture,
shpakova.a@gmail.com, https://orcid.org/0000-0003-2124-0815

The article is devoted to the analysis of construction objects parameters’ groups, which affect
initially on the terms of construction, and then subsequent exploitation, possible reconstruction and
demolition. Parametrization is an element of the process system analysis, which is to distinguish the
essential operating factors, their description and qualitative evaluation of the parameters obtained.
In modern life, the notion of "parametrization” is considered as a mechanism of predicted (or rather,
calculated) lifetime of the object at the project stage. In construction - it is the time of existence of a
construction object with given structural and technological parameters: from the beginning of the
erection to the moment of demolition.

When analyzing buildings and constructions of various functional purposes and architectural
and design solutions, the following groups of parameters were allocated: according to the category
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of responsibility, the category of capital construction structures, functional purpose (industrial,
residential or social-household object, etc.), the estimated lifetime and other.

In parallel, the existing variants of construction waste’s re-use in the modern domestic and
foreign construction industry were considered for use in manufacturing of building materials,
structures and products. It should be noted that the secondary raw material is not a complete
building material, it has low strength, environmental and sanitary requirements, but has a relatively
low cost (mostly abroad, where restrictions on the use of primary natural raw materials exist).
Taking into account these features, the classification of building materials and constructions from
secondary raw materials has been developed according to their constructive (strength, elasticity,
plasticity), technological (monolithic, wear resistance, etc.) and operational (usage period,
periodicity of maintenance, etc.).

As a result of classifying overlays, certain patterns were found in the use of materials and
structures under given conditions. When determining the lifetime of a building object as a function
f(t), which depends on a number of functional (R;), architectural and design parameters (Py), etc., it
should be noted that these parameters depend on the physical and mechanical materials’ properties
whose terms can be adjusted at the manufacturing stage {Mi, Mk ...} = f (t).

Thus, recycling (“reuse™) in construction is not only a requirement of time regarding the
environmental friendliness of life. Taking into account the National Strategy for Waste
Management in Ukraine until 2030, recycling is the basis for the use of parametrization with a
commercial purpose for the development of the construction industry in Ukraine.

Key words: recycling, parameterization, constructions’ strength., structural and technological
indicators.

IMapamerpuszanusi CTPOUTEJIbHBIX 00bEKTOB 110 TPEOOBAHUSAM PELMKIMHIA

Anna Illnaxkoea

KueBcknii HAIMOHANIBHBIN YHUBEPCUTET CTPOUTENILCTBA U APXUTEKTYPHI,
shpakova.a@gmail.com, https://orcid.org/0000-0003-2124-0815

Jlokmaa TMOCBSIIEH aHAIW3y TPYII MapaMeTPOB CTPOUTEIBHBIX OOBEKTOB, BIUSIONMIMX Ha
CPOKHM HMX BO3BEJICHMS, SKCILUIyaTalliu, BO3MOXHOW PEKOHCTPYKIMHU U cHoca. [lapamerpusanus —
3JIEMEHT CHCTEMHOr0 aHaju3a IMpollecca, KOTOPbIM 3aKIIYaeTcsl B ONPEACIICHHH 3HAYMMbIX
NercTByroMuX (PaKTOpOB, UX OMUCAHUH U KAYECTBEHHOW OIIEHKE MOTYYCHHBIX TapaMeTPOB.

[Ipu ananm3e cmekTpa 3JaHUI U COOPYKEHUI Pa3IMYHOr0 (PYHKIIMOHAIILHOTO Ha3HAUYCHUS U
APXUTEKTYPHO-KOHCTPYKTHBHBIX pelIeHUN ObUIO BBIJEICHO CIIEIYIONIME TPYIIbI MMapaMeTPOB: IO
KaTeTOpUM  OTBETCTBEHHOCTH, KATETOPUHM  KAMWTAIbHOCTH  CTPOUTEIBHBIX  KOHCTPYKIIHH,
(YHKIIMOHATFHOMY Ha3HAYCHHWIO (ITPOMBIIIUICHHBIN, KWJIOW WM COLMATBbHO-OBITOBONH OOBEKT H
T.J.), PACYETHBIM CPOKaM IKCIUTyaTal[uu U APYTHE.

[MapannensHO OBUTH PAacCMOTPEHBI CYIIECTBYIOIIME B COBPEMEHHOW OTEYECTBEHHOU U
3apy0eKHOW CTPOUTENBHON OTpacid BapUAHTHl HCIOJB30BAHUS CTPOUTENBHBIX OTXOJOB B
MMOBTOPHOM HCIOJIb30BAHUM MPHU HU3TOTOBJIEHUHM CTPOUTENBHBIX MAaTEpPHAOB, KOHCTPYKIUH H
m3aenuid. Crieayer OTMETUTh, UTO BTOPUYHOE CHIPHE HE SIBISIETCS MOJHOLEHHBIM CTPOUTEIbHBIM
MarepuajioM, OHAa MMEET HM3KHUE IOKa3aTelu MNPOYHOCTH, OrPAHUYEHHUS IO MPUMEHEHHUIO IO
HKOJIOTMYECKUM U CaHUTapPHO-TUTMEHUYECKUM TpeOOBaHUSIM, HO HMMEET CPaBHHUTEIBHO HHU3KYIO
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CTOMMOCTh (B OCHOBHOM 3a TpaHMICH, TIe MACHCTBYIOT OTrpaHWYCHUS HA HCIOJIb30BAHNE
NEPBUYHOIO TPHUPOJHOTO ChHIPhs). YUHUTBIBAas 3TH OCOOCHHOCTH, pa3paboTaHa KiaccuUKaIus
CTPOUTEJBHBIX MaTEpUAIOB M KOHCTPYKIHMH W3 BTOPHUYHOTO CHIPbS MO UX KOHCTPYKTHBHBIMHU
(MIPOYHOCTBH, YIPYTOCTh, INIACTUYHOCTD), TEXHOJIOTHUYECKMMHU (MOHOJIMTHOCTD, M3HOCOCTOMKOCTD U
T.I.) U 3KCIUTyaTallMOHHBIMU (CPOK HCIOJb30BaHMS, MEPHOJANYHOCTh TEKYLIETO PEMOHTa W T.1.)
IpU3HAKaM.

B pesynbrare HanmoxeHus KnaccuuKanuii ObUIH BBISBICHBI ONPEICICHHBIE 3aKOHOMEPHOCTH
B HUCIIOJIb30BAaHUM MaTE€pPHANOB M KOHCTPYKIMU B 3aJlaHHBIX ycioBusX. [Ipu onpexneneHun cpokos
IKCIUTyaTalldl CTPOUTENbHOrO 00bekTa Kak ¢yHkumu f(t), xoropas 3aBHCHUT OT wmeloro psiaa
byHKroHanbHBIX (P;), apXUTEKTYpHO-KOHCTPYKTHBHBIX (Py) mapaMeTpoB © T.I., CIEAyeT
3aMETUTh, YTO B CBOIO OUYEPE/lb OHU 3aBUCAT OT (PM3HKO-MEXaHHUECKHX CBOHCTB MaTEpPHAJIOB, CPOK
IKCILTyaTalMl KOTOPBIX MOXKET OBITh OTPEryJIMPOBaH Ha CTaauu npousBoictea {M;, M, ...} = f(t).

Takum 00pa3oM, pEHMKIUHT («IIOBTOPHOE HCIIOJIb30BAHME») B CTPOUTEIBCTBE SIBJISCTCS HE
TOJBKO TpPeOOBAaHMEM BPEMEHHM OTHOCHTENBHO OJKOJIOTHYHOCTH IPOM3BOJACTBA, a YYUTHIBAS
Hanmonanenyto crpareruio ympasieHHs orxomamu B YkpamHe 10 2030 r.., MOXeET cTaTh
OCHOBAaHHMEM /ISl HCIOJB30BAaHMS MapaMeTpU3ald B KOMMEPUYECKMX IeNsSX MpU Pa3BUTHH
CTPOUTEIBHOM OTpaciu Y KpauHBI.

Knrouegvie cnosa: penukiIvHr, napaMeTpu3alysi, IpOYHOCTh KOHCTPYKIINM, KOHCTPYKTUBHO-
TEXHOJIOTUYECKHE TIOKA3ATEIH.

Kapkacne OyAiBHUIITBO I 0araTonoBepX0BUX rapakKiB-CTOAHOK

Jeonio Ckopyx*, Onexcandp CibikoecoKuii’
LK piBcpKuil HAL[iOHATBHAIL yHIBepCUTET OyIBHUIITBA 1 apXITEKTypH
L leotanlist@gmail.com, ORCID: 0000-0002-7362-1348
2 _Sibalexon@ukr.net, ORCID: 0000-0002-3137-0667

[TpakTikoro OyIIBHMIITBA JOBEICHO, 110 B HANOUIBLIOMY CTYIEHI AJisi 0araTonoBepXOBHUX
rapaxiB-CTOSHOK HalOUIbII JOLLIBHI KapKacH1 cuctemu. Jlo mepesar, BpaXyBaHHS SKMX HEOOX1JHE
pyu BUOOPI MPUHIMIIOBUX HAIMPSIMKIB PO3BUTKY OyIIBHUITBA KapKaCHUX rapa)iB-CTOSIHOK MOXHA
BITHECTU: MOXJIUBICTb CTBOPEHHS pI3HOMAHITHUX 00 €MHO-IUIaHYBaJIbHUX pillleHb Ha 0asi
MiHIMaJIbHOTO Ha0Opy KOHCTPYKIIIH; MPaKTUYHA MOKJIMBICTh 3/IiliCHEHHS TpaHchopMarlii B mporeci
eKCIUTyaTallil crnopyau; HaiOuIbll e(eKTHUBHE BUKOPUCTAHHS BHCOKOMIIIHUX IPOIPECHUBHUX
MartepialiB; IPUIATHICTh 00’ €KTIB A0 PEKOHCTPYKIIi 3 MiHIMaJIbHUMHM 3aTpaTaMH 1 iH.

OpHuM 3 BIAMOBIJAJIBHUX €TaMiB B NMPOEKTYBAaHHI rapa)KiB-CTOSIHOK € BUOIp ONTHUMAaJIbHOT
KOHCTPYKTHBHOI cxeMHu. BennurHa mposaiTiB, po3Mipu KPOKY KOJOH Ta KOPHCHA BHCOTa IMOBEPXiB
MOBUHHI OyTH MPUMHATUMU 3 ypaxyBaHHSAM 3a0€3€YeHHs 3pYYHOr0 MaHEBPYBaHHS aBTOMOO1IA B
0araTornoBepXxoBOMY Tapaki-CTOSHIII.

B ocHOBHIIf Maci B kapkacax ciTka KOJOH 6x6, 9x6 i 12x6 M, mo mo306aBmusie ix HE0OXimHOT
IUTaHYBaJIbHOI THYYKOCTi. OOMEXEHICTh PO3MIpiB MPOJITIB B KapKacax 0araTOmoBEPXOBHUX CIOPY[
00yMOBJIEHE BEITUKOI0 KOHCTPYKTMBHOIO BHCOTOIO pHreniB. Tak, MpU KOPUCHOMY HaBaHTaXKEHHI
1t/m° KOHCTPYKTHUBHA BHCOTa MEPEKpUTTS Npu mpoiiti 9 M ckianae 0,1 mponiry, a mpu 12-tu
METPOBOMY IPOJIITI 3aiiMae %4 BUCOTHU MOBEpXa.
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IcTOTHUM HEOJIIKOM B KOHCTPYKIIISIX TUITOBUX KapKaciB € HasIBHICTh KOHCOJIEH KOJOH. [lo-
nepmie, Ha iX BiamTyBaHHsS HeoOXximHO 20..30% BuTpatu Meramy kojonu. [lo-mpyre, 3Ha4HO
MOTIPIIYEThCA 1HTEP €p MPHUMILICHb 1 CaHITApPHO-TIri€HIYHI YMOBHM €KCIUTyaTalii i3-3a HasBHOCTI
BUCTYyNarouux 4actuH. Cripoba BUKOPUCTAHHS TaKUX CHUCTEM JUIS CIIOPYJ 3 CITKaMH KOJIOH 9x9 un
12x12 M 1 Oinblie BemyTh A0 PI3KOTO 30IMBIICHHS TOMEPEYHUX MepepisiB, a BIAMOBIAHO, 1 JO
301UIbIIEHHS BUTpAT MaTepianiB. OKpiM TOTO, B IbOMY BUIIAJKY CTUKH PHUTEJIiB 3 KOJOHAMH 3aBKIH
PO3MiIlIeHI B 30HI MAaKCUMAaJIbHUX 3TUHAJIBHUX MOMEHTIB 1 IEPEPI3yIOUH CHIL.

[nsxu BIOCKOHAJEHHS OKPEMUX KOHCTPYKILIM KapKaciB, OYEBHIHO, MOBHUHHI BKIIOYATH
HAaCTyIHI 3axO0JM: B €JEeMEHTax KapKacy HEOOXiJHO BHKOPHCTOBYBATH OUIBIN CydYacHIII
KOHCTPYKTUBHI ()OpMH, B TOMY YHCII 1 YKPYNHEHI KOHCTPYKIii; HEOOXiIHO mepeadaynTu
MOJKJIMBICTh BUKOPHUCTaHHS KOHCTPYKTHBHOI CHCTEMH JJIsl IIMPOKOTO Jialla30Hy HaBaHTAXXEHb Ha
NEPEeKPUTTA 1 YKPYNMHEHOI CITKM KOJIOH; KapKacHa CHUCTeMa IOBMHHA BOJOIITH MO>KJIMBICTIO
CTBOPEHHSI IIMPOKOTO Jiala3oHy 00 €MHO-TUTAHYBaJbHUX 1 apXiTeKTypHO-KOHCTPYKTHBHUX
pIlIEHB.

3apa3 po3poOKa KOHCTPYKTMBHHUX pIllIEHb KapKaciB 0araTOMOBEPXOBUX CIOPYA BEACTHCS

ONTHUMI3Alli]l ICHYIOUMX €JIEMEHTIB KapKacy, IpoTe Ili BJOCKOHAJEeHHS He 3a0e3neuyloTh BHOODPY
HaNOUIbII €PEKTUBHUX CUCTEM KapKaciB 1 pallioHAIbHUX KOHCTPYKTHUBHHUX €JIEMEHTIB.

Knrouosi cnosa: 3ani300€TOHHI KapKacH, 0araTornoBepXxoBi rapaxi-CTOSTHKH.
Frame construction for multi-storey parking and garages

Leonid Skoruk®, Olexander Sibikovsky?
L2Kyiv National University of Construction and Architecture
l'Ieotanlist@gmail.com, ORCID: 0000-0002-7362-1348
2_Sibalexon@ukr.net, ORCID: 0000-0002-3137-0667

The practice of construction has shown that the most suitable frame systems are the most
suitable for multi-storey parking garages. The advantages that should be taken into account when
choosing the principal directions for the development of the construction of frame parking garages
can be attributed: the possibility of creating various space-planning solutions based on a minimum
set of designs; practical possibility of transformation in the process of operation of the structure; the
most effective use of high-strength progressive materials; the suitability of reconstruction facilities
with minimal costs, etc.

One of the crucial steps in the design of parking garages is the selection of the optimal design
scheme. The size of the span, the size of the column pitch and the useful height of the floors should
be taken in consideration of ensuring comfortable maneuvering of the car in a multi-storey garage-
parking lot.

In the bulk in the frames of a grid of columns 6x6, 9x6 and 12x6 m, which deprives them of
the necessary planning flexibility. The limited size of the span in the skeletons of multi-storey
buildings is due to the large structural height of the crossbars. So, with a payload of 1t / m2, the
constructional height of the overlap at a span of 9 m is 0.1 span, and at a 12-meter span it occupies
Y4 of the height of the floor.
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A significant disadvantage in the construction of standard frames is the presence of consoles
of columns. First, their devices need 20...30% of the metal consumption of the column. Secondly,
the interior of premises and sanitary-hygienic conditions of operation considerably worsen because
of the presence of protruding parts. Attempting to use such systems for buildings with a grid of 9x9
or 12x12 m columns leads to a sharp increase in cross sections, and, accordingly, to an increase in
the consumption of materials. In addition, in this case the joints of crossbars with columns are
always in the zone of maximum bending moments and cutting forces.

The ways to improve the individual structures of the carcasses must obviously include the
following measures: in the frame elements it is necessary to use more modern structural forms,
including enlarged constructions; it is necessary to provide for the possibility of using a structural
system for a wide range of loads on overlaps and an enlarged grid of columns; the skeleton system
must have the ability to create a wide range of space-planning and architectural-constructive
solutions.

Now the development of structural solutions of multi-storey structures is carried out by the
trial method and is based either on the experience and intuition of the designers or on the improved
and optimization of the existing framework elements, however these improvements do not provide a
choice of the most efficient framing systems and rational structural elements.

Key words: reinforced concrete frames, multi-storey parking and garages.
KapkacHoe cTpouTeILCTBO 1JIsi MHOTOITAKHBIX Fapakeii-CTOSIHOK

Jdeonuo Cropyk', Anexcandp Cuburosckuii’
1'2KI/ICBCKI/II>'I HaI_[I/IOHaJ'ILHI:Jﬁ YHUBCPCUTET CTPOUTCIILCTBA U APXUTCKTYPBI
Leotanlist@gmail.com, ORCID: 0000-0002-7362-1348
2Sibalexon@ukr.net, ORCID: 0000-0002-3137-0667

[IpakTukoil cTpouTenbCTBA JOKa3aHO, YTO B HaWOOJNBIIEH CTENEHH JIi MHOTO3TaXKHBIX
rapaxei-cTostHOK HauOoJiee Iiesiecoo0pa3Hble KapKacHble cuctembl. K mpenmyiiectBam, yuer
KOTOpPBIX HEOOXOIMM IpH BHIOOpE NPUHIMIHUAIBHBIX HANpaBICHUH Ppa3BUTHS CTPOMTEILCTBA
KapKacHbIX TapaXxei-CTOSHOK MOKHO OTHECTH: BO3MOJKHOCTh CO3JAaHUS Pa3IU4YHBIX OOBEMHO-
IUIAHUPOBOYHBIX pelIeHH Ha 0a3e MHMHHUMaJbHOTO Habopa KOHCTPYKLHMH; NpaKkTH4ecKas
BO3MOKHOCTh OCYILECTBIICHHsI TpaHC(OpMaIK B MPOLIECce SKCILTyaTallui COOPYKEeHUs; Hanboee
3G (EKTUBHOE HCIIOJIB30BAaHUE BBICOKONPOYHBIX MPOTPECCUBHBIX MAaTEPUANIOB; IMPUTOJHOCTH
00BEKTOB PEKOHCTPYKLIMU C MUHUMAJILHBIMH 3aTpaTaMu U Jp.

OAHMM U3 OTBETCTBEHHBIX 3TAlOB B NPOEKTUPOBAHUHU Tapa)Kei-CTOSHOK SBISETCS BBIOOP
ONTUMAJIbHOW KOHCTPYKTHBHOW CXeMbl. BennunHa mposiera, pa3Mepsl 1Iara KOJIOHH W IOJIE3Has
BBICOTA 3Ta)Xeil IOJKHBI ObITh MPHUHSATHI C y4eTOM oOecreueHus: yJOoOHOTrO MaHEBPUpPOBAaHUS
aBTOMOOMJISE B MHOTO3Ta>KHOM rapake-CTOSHKE.

B ocHOBHOW Macce B Kapkacax ceTka KOJOHH 60x6, 9x6 u 12x6 M, 4TO JumIaeT ux
HEOO0XOAMMOW TJIAaHUPOBOUHOM THOKOCTH. OTrpaHMYEHHOCTh pa3MEepoB INpojieTa B KapKacax
MHOT'O3TaKHBIX COOPYKEHUI 00YCIIOBIEHO OO0 KOHCTPYKTUBHOM BbicOoTOM pureneil. Tak, nmpu
MoJIe3HON Harpy3ke 1T/ M2 KOHCTPYKTHBHAsI BBICOTA MEPEKPHITHS MpH nposere 9 m cocrasiuser 0,1
MIpoJIeTa, a NpU 12-TU METPOBOM MPOJIET 3aHUMAET /4 BBICOTHI 3TaXka.
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CyliecTBEeHHBIM HEJIOCTaTKOM B KOHCTPYKIMSX THUIIOBBIX KapKacoB SIBJISIETCS HalWYHe
KOHCOJIeH KOJOHH. Bo-mepBbIX, Ha uX ycTpoicTtBo HeobOxomumo 20..30% pacxoma merasmia
KOJIOHHBI. BO-BTOpPBIX, 3HAUUTENBHO VYXYAIIACTCS HWHTEPhEP TIOMEIICHHA ¥ CAHUTAPHO-
TUTUEHUYCCKUE YCIIOBUS OKCIUTyaTalliM W3-32 HAJIWYHs BBICTyMAlOMUX yacTteid. [lombiTka
WCIIOJIb30BAaHUS TAKUX CHCTEM JJIsl 3IaHUM ¢ ceTKkaMu KOJIOHH 9x9 wim 12x12 m u Gonee BeAyT K
PE3KOMY YBEIUYECHUIO TIOMEPEUHBbIX CEYCHHH, a COOTBETCTBEHHO, M K YBEJIMYEHHUIO pacxoja
MatepuaioB. Kpome Toro, B 3TOM ciyyae CTBHIKA pHUresiei ¢ KOJIOHHAMH BCErja HaXOHIATCS B 30HE
MaKCHMaJIbHBIX U3rH0a0UX MOMEHTOB U Iiepepe3asi CUIL.

[Iytu coBeplIEHCTBOBAaHUSI OTHAEIBHBIX KOHCTPYKIMI KapKacoB, OYEBUAHO, JOJDKHBI
BKJIIOYATh CIICAYIONIME MEPONPUATHS: B JJIEMEHTaX Kapkaca HEOoOXOJUMO HCIOJIB30BaTh Ooee
COBpEMEHHBIC KOHCTPYKTHUBHBIC ()OPMBI, B TOM YHCJIE U YKPYITHEHHbIC KOHCTPYKITUU; HEOOXOIMMO
MPEIyCMOTPETh BO3MOXKHOCTh HCIOJB30BAHUS KOHCTPYKTHBHOW CHCTEMBI JUISI IIUPOKOTO
JMana3oHa Harpy30K Ha MEPEeKpPHITUS U YKPYIMTHEHHOW CETKM KOJOHH, KapKacHas CUCTeMa JOJDKHA
o0nanaTe BO3MOXXHOCTBIO CO3JaHMSI I[IMPOKOTO JHama3oHa OObEMHO-IUIAHUPOBOYHBIX U
APXUTEKTYPHO-KOHCTPYKTHUBHBIX PEIICHUN.

Ceiliuac pa3paboTka KOHCTPYKTHMBHBIX pEIIEHUH KapKacOB MHOTOITAXHBIX COOPYKEHHM
BEJIETCS] METOJOM IIPOO M OCHOBBIBAETCS JINOO HA OMBITE U MHTYULIUU MPOEKTUPOBIIUKOB, WIH Ha
YCOBEPILICHCTBOBAaHHBIE M ONTHUMH3AIMK CYIIECTBYIOIIMX SJEMEHTOB KapKaca, OJIHAKO 3TH
YCOBEpIICHCTBOBaHMs HE O0ecreunBaloT BbIOOpa HambOosee 3(pPEeKTHBHBIX CHCTEM KapKacoB U
paIMOHAIBHBIX KOHCTPYKTHBHBIX 3JICMCHTOB.

Knrueesvie cnosa: xene300eTOHHBIE KapKacCbl, MHOT'O3TAKHBIC I'apa’Knu-CTOAHKU.

«ExoJorizaunis» OyaiBHMIITBA HA 3acajax nmapaMerpusauii OyaiBejJbHOL
npoayKuii

Anopin IlInakos’, Ipuna I JzymeHK02
L2K piBcpKuil HAL[iOHATBHAIL yHIBepCUTET OyIIBHUIITBA Ta APXITEKTYPH
-shpakov.a@gmail.com, https://orcid.org/0000-0002-7498-4271

[IpiopuTeTH1 3aralbHOEKOHOMIUHI Ta IMOJITUYHI ACTEKTH PO3BUTKY €KOHOMIKH, BTIM SIK 1
HanpsMKHA PO3BUTKY OyJiBENbHOI ramysi, OUIBIIOCTI KpaiH, BU3HAYAIOTHCS CBITOBUMH JIiJEpaMHy,
cepen sikux ynHHE Micte nocigatote CIIA, fAnownis, ®PH, ®panuis, BenukobOpuranis. Kpainu, ski
MparHyTh MaTH €KOHOMIYHY Oe3MeKy Ha CBITOBIH apeHi, MHJIBHO CTEKATh 3@ TEHACHLISIMU PO3BUTKY
Oy/iBETLHOTO CEKTOpa E€KOHOMIKM IMX KpaiH 3 METOI BHM3HAYEHHS MPOTHO3IB Ta PO3POOKHU
MIEPCIEKTUBHUX TUIAHIB.

BpaxoBytoun CBITOBY MpPaKTHKY MPUAOAHHS HIANPUEMIIIMH, SIKI OTPUMYIOTH NMPUOYTOK Ha
BKJIAJICHUH KamiTaj Ha JaHlil TepUTOpii, HEPYXOMOCTI y BJIACHICTh a00 JTOBIOCTPOKOBY OpeHNY (SIK
MpaBWJIO, HAa MIJBIOBUX YMOBaX OMNOJATKyBaHHS), LIO0 CYTTEBO IOIMOBHIOE MICIHEBI OOKETH 1
3a0e3rneuye 1HBECTYBaHHS MOJANBIIOTO PO3BUTKY TEPUTOpIi, CIiJ BIA3HAYUTHU MEPCHEKTHBHICTH
HampsMKY «ekosorizanii». Ha 3axomi Bke mpoiiia mopa «eroiCTUYHOTO  PO3BUTKY»
MIPOMHCIIOBOCTI, CLIBCBKOTO TrocrojapcTtBa 1 BHUpOOHUYOI iH(pacTpykTypu. BymiBHHITBO Bcix
00'€KTiB, MOB'SI3aHUX 3 MPUPOJOKOPUCTYBAHHSM, IIOCTABICHO B KOPCTKI 3aKOHO/1aBYl i €eKOHOMIYHI
pamku. ToMy e(heKTUBHICTH caMOro Mmporecy OyaiBHULTBA, BAPOOHHMYO-TEXHOJIOTIYHUX ITapaMeTpiB
MPOMUCIIOBUX, TPAHCIOPTHUX 1 IHMMX O0O0'eKTIB B MaiOyTHhOMY 0a3yBaTHMEThCS Ha
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MPIOPUTETHOMY BHUKOPHUCTaHHI €KOJOTIYHO O€3MeYHUX MaTepialliB 1 TeXHOJIOTIH (y mepiry 4depry
OE3BIIXOJHMX), a TaKOX Ha TPOCKTYBaHHI 1 3BelEHHI 00'€KTiB, BHUXOASYM 3 PAIliOHATBHOTO 1
0€3MeYHOro0 BUKOPHUCTAaHHS 3e€MENIbHUX, BOJHUX 1 €HepreTM4YHuX pecypciB. Ha choromni BapTicTh
«3EJICHUX» TEXHOJIOTiH B YKpaiHi € BUCOKOIO, 1[0 CYIIEPEUUTh OCHOBHHM BUMOTaM OyiBEIbHOIO
0i3Hecy: MiHIMaJbHA BapTiCTh 00’€KTY, TEPMiH 3BEJCHHS Ta SKCIUTyaTalliliHi BUTpaTU. Y3rOJUTH
Ta TMOEMHATH IIi MapaMeTpd MOXHA B TOMY YHCII 3a JOINOMOTOK TapaMeTpu3allii Ha eTarri
npoekTyBaHHs. [lapameTrpusaliis Hajgae MOMIJIMBICTH CTBOPIOBATH JEHICBI OyAiBeabHI 00 €KTH 3
3aMIaHOBAHUM €KCILTyaTalillHuM TepMiHOM. [i eeKTUBHICTh BH3HAYAETHCA MPOTPECOM y LApHHi
CTBOPEHHS OYIIBEILHUX MaTepialliB Ta MPUKIATHOTO MATEPiaIO3ZHABCTBA, @ TAKOXK IHTCHCHBHICTIO
OCBOEHHSI CBITOBHX TEXHOJIOTIH MEpepoOKH BTOPUHHOI CHPOBUHH, IIO CIPHUSTHME BUPIIICHHIO
mpo0JieM yTuiTi3aiii MPOMHUCIOBHUX BIJXO/IB.

B npomy acnekTi ykpaiHCHKHM OyliBEIbHHM KOMIAHISIM JOIJIFHO BpaxyBaTH OCOOIUBOCTI
eKOJIOTIYHOI cHTyallii B KpaiHi, 3pocTardi 00ciru OyaiBEIbHOTO CMITTS, MOCHJICHHS ITpadHUX
CaHKI 70 TEXHOJOTd 3 MEePBUHHUM MPUPOJIOKOPUCTYBAHHSIM 1 TIOYMHATH OCBOIOBATH HOBI
«YUCTI» TexHoJorii, 0a3yrouuch Ha MepeBarax IapaMeTPU30BaHUX TOKA3HUKIB OyaiBeNbHOT
MPOJYKIIIT B 3aJI€KHOCTI BiJl ii (DYHKI[IOHAILHOTO MPU3HAYCHHS.

Knrouoei cnoea: mnapamerpuzallis, «3€JEHID» TEXHOJOTII, ‘“‘ekonorizamis’ OyAIBHUIITBA,
KOHCTPYKTHBHO-TEXHOJIOTIYHI ITOKa3HUKH.

“Greening” of construction on the basis of parametrization of building products

Andrii Shpakov?, Irina Glushchenko 2
L2Kyiv National University of Construction and Architecture
L-shpakov.a@gmail.com, https://orcid.org/0000-0002-7498-4271

Priority general economic and political aspects of economic development, however, as well as
the directions of the construction industry development, in most countries, are determined by world
leaders, among which the United States, Japan, Germany, France and Great Britain occupy a
significant place. Countries that aspire to have economic security on the world stage, closely follow
the development economy trends of the construction sector in these countries in order to forecast
and develop long-term plans.

Taking into account the world practice of acquiring by entrepreneurs who profit on invested
capital in a given territory, real estate ownership or long-term lease (usually on preferential taxation
terms), which significantly replenishes local budgets and provides investment inflows for the
further development of the territory. It should be noted the promise of the "Greening” direction. The
West has already passed the period of "selfish development™ of industry, agriculture and industrial
infrastructure. The construction of all facilities related to the use of natural resources is placed in a
strict legislative and economic framework. Therefore, the efficiency of the construction process
itself, the production and technological parameters of industrial, transportation and other facilities in
the future will be based on the priority use of environmentally friendly materials and technologies
(primarily wasteless), as well as on the design and construction of facilities, based on the rational
and safe use of land, water and energy resources. Today, the cost of "green" technology in Ukraine
is very high, which contradicts the basic requirements of the construction business: the minimum
cost of the facility, the period of construction and maintenance costs. The parameters can be
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coordinated and combined by means of parametrization at the design stage. Parametrization allows
the creation of cheap construction objects with a planned operational period. Its effectiveness is
determined by progress in the field of building materials and applied materials science, as well as
the development intensity of world recycling technologies that will help solve industrial waste
disposal problems.

In this aspect, it is advisable for Ukrainian construction companies to take into account the
environmental situation in the country, the growing volume of construction debris, the
strengthening of penalties for technologies with primary use of natural resources and begin to
develop new "clean" technologies based on the specified parametrized indicators of construction
products, depending on its functional purpose.

Key words: parameterization, "green™ technologies, “greening” of construction, constructions’
strength, structural and technological indicators.

«IKOJIOrH3aUUs» CTPOUTEIHCTBA HA OCHOBE NapaMeTPU3alui
CTPOMTEJIbHON MPOYKIIUN

AHnopeit IlInakos’, Hpuna I'nywenxo 2

12 o .
““KueBckuil HallMOHAJIBHBIA YHUBEPCUTET CTPOUTEIBCTBA U APXUTEKTYPBI

! shpakov.a@gmail.com, https://orcid.org/0000-0003-2124-0815

[IpropureTHbie 0OIIEIKOHOMUYECKHUE U TIOJUTHYECKHE aCIEKThl Pa3BUTHSI SKOHOMUKH, BIPOYEM
KaKk M HamnpaBJeHUs pa3BUTUS CTPOMTENIBHOM OTpaci, B OOJBIIMHCTBE CTpaH, OIPEAEISAIOTCA
MHUPOBBIMH JIMJIEPAMH, CPEAN KOTOPBIX 3HaunMMoe Mecto 3aHuMaroT CIIIA, fnonus, ®PI', Opannus,
BemukoOpuranus. CTpaHbl, KOTOpbIE CTPEMSTCS UMETh SKOHOMMYECKYIO 0€30I1aCHOCTh Ha MHPOBOU
apeHe, MPUCTAIBHO CIEAAT 32 TEHACHLIUAMHI Pa3BUTUSA CTPOUTEIBHOIO CEKTOPa YKOHOMUKH 3THUX CTPaH
C LEJIBIO POTHO3UPOBAHUS U pa3pabOTKH NEPCIEKTUBHBIX TUIAHOB.

VYuuTbiBass MUPOBYIO NPAKTHKY MNPUOOPETEHUS NPEINPUHUMATEISIMU, KOTOpbIE MOIY4aroT
pUObUIb HA BJIOYKEHHBIM KanuTaja Ha JAaHHOW TEPPUTOPUU, HEABHXKMMOCTH B COOCTBEHHOCTH HWJIN
JOJATOCPOYHYIO apeHAy (KaK MpaBWJIO, Ha JIBFOTHBIX YCJIOBHUSAX HaJOroo0JI0KEHHUs), KOTopas
CYIIECTBEHHO TOMOJHIET MECTHbIE OIOKETHl M OOecreurBaeT WHBECTHLIMOHHBIE BIIMBAaHUS B
JalbHENIIEe pa3BUTUE TEPPUTOPUHU, CIEAYET OTMETUTh IEPCHEKTUBHOCTb HAIPABJICHUS
«okonoruzauuny. Ha 3anmaze yxe mponuia nopa «3roucTHYECKOr0 pa3BUTHS) MPOMBIIIIIEHHOCTH,
CEeNIbCKOT0 XO3sICTBa M IMPOU3BOACTBEHHON HH(pacTpykTypbl. CTPOUTEIHCTBO BCEX OOBEKTOB,
CBA3aHHBIX C IPUPOJIONOIB30BAHUEM, ITIOCTABIIEHA B )KECTKUE 3aKOHOJATEIIbHBIE 1 SKOHOMHUYECKHE
pamku. IlostoMy »@¢exkTuBHOCTH caMOro mporecca CTPOUTENbCTBA, IMPOU3BOJACTBEHHO-
TEXHOJIOTUYECKHUX MapaMeTPOB MPOMBIIUIEHHBIX, TPAHCIIOPTHBIX M JAPYTUX OOBEKTOB B OyayIieM
Oyznet 6a3upoBaThCs Ha MPUOPUTETHOM HCIIOJI30BAHUHU 3KOJOTHYECKH O€30MacHbIX MaTepuaioB U
TEXHOJIOTUI (B MEpBYIO oOyepelb OE30TXONHBIX), a TakXKe Ha MPOEKTUPOBAHWU U BO3BEICHHUU
OOBEKTOB, UCXOJs W3 PALMOHAIBHOTO M O€30IacHOr0 MCIIOJIb30BAaHUS 3€MENIbHBIX, BOJHBIX H
JHEPreTUYECKUX pecypcoB. Ha cerogHsAmHui 1eHb CTOMMOCTD «3€JIE€HBIX» TEXHOJIOTUI B YKpauHe
OYEHb BBICOKA, YTO MPOTHBOPEYUT OCHOBHBIM TpPEOOBaHMSIM CTPOMTEIBHOrO Ou3Heca:
MUHHMaJIbHast CTOUMOCTh 00BEKTa, CPOK BO3BEACHHUS U HKCIUTyaTallMOHHBIE pacxobl. CornacoBaTh
U OOBEAUHMUTH 3TU MapaMeTpbl MOKHO B TOM YHCJIE€ C TOMOIIBIO MapaMeTpu3alld Ha 3Tamne
npoekTupoBaHus. I[lapameTrpusanus No3BOJSET CO3AAaBATh [JEIIEBbIE CTPOUTENbHBIE OOBEKTHI C
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3aIlTAHMPOBAHHBIM 3KCILTyaTallMOHHBIM cpokoM. Ee ahekTuBHOCTE onpenensercs: nporpeccoM B
00JIaCTH CO37aHHUS CTPOMTENBHBIX MaTEpPHAJOB M MPUKIAJTHOTO MATEPUANOBEICHUS, a TaKKe
MHTCHCUBHOCTBIO OCBOCHHMSI MHUPOBBIX TEXHOJOTHH NepepabOoTKH BTOPUYHOTO CHIPHS, YTO OyaeT
CIIOCOOCTBOBATh PEIICHUIO MPOOJIEM YTHIIN3ALUHU POMBIIUIEHHBIX OTXOJIOB.

B »TOM acmekrte YKpaMHCKMM CTPOHMTEIBHBIM KOMIAHHMSM I€JIecO00pa3sHO  y4yecTb
0COOEHHOCTH 3KOJIOTUYECKOH CUTyallMM B CTpaHe, pacTyliue o0bEMBI CTPOUTEIBHOTO MYcOopa,
yCUJIEHHE IUTPA(HBIX CAHKIMHA K TEXHOJOTMAM C IIEPBUYHBIM IPUPOAONOIb30BAHUEM U HAauMHATh
OCBaMBaTh HOBBIE «UYHCTBIE» TEXHOJIOTMH, OCHOBBIBASCh HA 3a1aBa€MbIX IapaMeTPU30BaHHBIX
[I0Ka3aTessIX CTPOUTENBHOM IPOAYKIIUH B 3aBUCUMOCTH OT €€ ()yHKIIMOHAJIBHOI'O Ha3HAUYEHUSI.

Knioueguoie cioea: napameTpusanus, (GCJICHBIC) TCXHOJIOI'HNH, OKOJOoTUu3anusa»
CTPOUTCIIbLCTBA, KOHCTPYKTUBHO-TCXHOJOTMYCCKUC ITOKA3aTCIIN.

CTilKICTh KOJIOH KapKAaCHUX OyaiBe/ib POTH MPOrpecy4yoro pyuHyBaHH

Boaooumup I(pinakl, Poman Jlagudenxo’
KuiBcbkuii HallioHAIBHUH YHIBEpCUTET OYAiBHULITBA 1 apXITEKTYpH
1 kripak.vd@gmail.com, https://orcid.0000-0001-6575-5015, * davydenko_roman@bigmir.net

3rigao [ABH B 2.2-24:2009] ans Bcix 0aratonmoBepxOBHX OyAiBeNb MpPH TMPOEKTYyBaHHI
PEKOMEHAYETbCS BUKOHYBAaTH OIIHKY CTIHKOCTI KOHCTPYKTHBHOI CXEMH THPOTPECYIOUOMY
pyliHyBaHHIO (0OBaJIeHHIO). Y SIKOCTI JOKQJIbHOTO (TIMOTETUYHOr0) OOBaJIeHHS A KapKacHOI
OyIiBII HOPMH PEKOMEHAYIOTh PO3IJISIaTH BUJAICHHS KOJIOHH (TiIoHAa) ogHOTO (OYyIIb-SKOTO0)
noBepxy OyIUMHKY Ta OOBaJeHHS AUISHKM NEPEeKPUTTS OJHOIO MOBEPXY Ha IUIOINII JIOKAJIHHOTIO
oOBaJIeHHs, BEIMYMHA SIKOI HOpMYeTbcsa. Bennunua nedopmaniid i mMpuHA pO3KPUTTS TPILIMH Y
KOHCTPYKIIISIX HE PETJIAMEHTYEThCSI.

JInst OIIHKHM CTIMKOCTI BEPTHKAIBHUX €JIEMEHTIB KapKacHOro OYIWHKY, IJis TEpIIoro
BUIAJKY JIOKQJIbHOIO OOBAJIEHHS, MPOBEJEHI 4MCIIOBI JaociifxeHHs 30-Tu moBepxoBoi OymiBil
KapkacHoro tuny 3 Bukopuctanusm 1K JIMPA-CATIP 2015(R1).

3agauaMy IPOBEJICHOTO JTOCIIIXKEHHS SIBIISUIACS:

1. AHami3 TNOBEIIHKM KapkacHOi OyIiBiIl HpU MOETalHOMY BHJAJIEHHI 3 pOOOTH KOJIOH,
PO3TaIIOBAaHUX B XapaKTEPHUX 30HAX IUIaHy OYAMHKY.
2. Bu3HaueHHs po3TalllyBaHHS HalOUIbII «HEOE3NEeYHHX» KOJIOH, SKI MOXKYThb IMOCIiJIOBHO
BUKIIIOUATHUCS 3 POOOTH MPU  MPOTPECYIOUOMY PYHHYBaHHI.
3. AHaji3 BIUIMBY Ha MEPEPO3NOILT 3yCHIITh B KOJIOHAX BKJIFOYEHHS B KOHCTPYKTUBHY CXEMY
OyauHKy OajoK MO OCSIX KOJIOH, ICHYIOUMX IEPEeropoJoK Ta KOPCTKUX (ayTpurep HUX)
MTOBEPXIB.

BapiroBanuce KpOKH KOJOH KapKacy, MICIS pO3TallyBaHHS KOJIOH, K1 BHUKJIIOYAJIUCS 3

po0OTH, Ta psAJ IHIIUX TapaMeTpiB.

OCHOBHI pe3ynbTaTy Ta BUCHOBKH 110 pOOOTI.

1. BusBneni HaiiO1b11 HEOE3MEUH1 MICIS pO3TalllyBaHHS BUAAJICHUX KOJIOH B IUIaHi Ta 1O
BUCOTI OyIMHKY. TakuMu SABISIOTHCS KpaiiHi Ta KyTOBI KOJIOHU MEPIIOTo MOBEPXY.
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2. KosnoHu BHCOTHHUX Oy/iBENb MAalOTh 3HAYHHUHA PE3€pPB CTIMKOCTI MPOTHU MPOTPECYIOUOTO
oOBaJIEHHS 32 PaXyHOK 3aracy Mo HaBaHTAKEHHAX 1 MIIIHOCTI MaTepialliB (BUKOPUCTOBYIOTHCS Pi3HI
KOC(QIIIEHTH Yy TA Yy 1 HE HOPMYIOTHCS AeopMarlii ).

3. CyrreBuii pe3epB CTIHKOCTI OyaiBiai MPOTH OOBAJICHHS 3HAXOAWTHCS B BHKOPUCTAHHI
HETISTHUX MDKKIMHATHHX Ta MIKKBApTHPHUX HEPErOPOJIOK.

4. BcraHOBIEHI IpaHUYHI MEXI KPOKIB BEPTHKAJIBLHUX €JIEMEHTIB JUIsl OyIiBelb 3 pi3HOI
BIJIMOBIIAJILHOCTI, TIPH SIKUX MPOTrpecyroye 0OBAJICHHSI HE € KPUTHYHUM.

5. HaiiGuabm cmabkuM MiCIeM Ui MEPIIOro BUIAIKY OOBAJICHHS € €JIEMEHTH MEePEKPUTTS
HaJI BUJAJICHOIO KOJIOHOIO.

6. B cTHKax MIMT MEepeKpUTTs 3 KOJOHAMH PEKOMEHIYETHhCS IependadyaTH BCTAaHOBJICHHS
CreliaTbHUX aHKEPHHUX CTEP)KHIB

Knwouoei cnoea: CriiikicTp, 3a1i300€TOHHUN KapKac, KOJIOHH, TIPOTpecyroue 0OBaIICHHS.

The stability of columns frame buildings against the progressive
destruction of the

Vladimir Kripak!, Roman Davydenko?
Kyiv National University of construction and architecture,
L kripak.vd@gmail.com, https://orcid.0000-0001-6575-5015, > davydenko_roman@bigmir.net

According to [DBN 2.2-24:2009] for all high-rise buildings during design process is
recommended to carry out an assessment of the stability of the design scheme for progressive
destruction (collapse). As a local (hypothetical) collapse for frame building standards recommend
considering deleting column (pylons) for one (any) floor of the building and collapse the plots
overlap one floor on the area of the local caving that is standardized. The magnitude of the
deformation and the width of the disclosure of the cracks in the structures is not regulated.To assess
the sustainability of the vertical elements of frame buildings in the first case of local caving was
conducted numerical research of the 30-story frame type building by using software LIRA CAD-
2015 (R1).

Next tasks were carried out during research:

1. Analysis of the behavior of a frame building in a phased removal of columns arranged in
specific areas of the plan of the building.

2. Determine the location of the most "dangerous™ columns which can be consistently
excluded from work at the progressive destroy.

3. An analysis of the effect on redistribution efforts in the columns during inclusion in the
design scheme of building beams on the axes of columns, existing partitions and solid (outrigger)
floors.

4. The steps of columns frame, location of columns which means work and a number of other
options were changing during the work process.

The main results and conclusions of the work.

1.Found the most dangerous location of the deleted column in the plan and elevation of the
house. These are extreme and corner columns of the first floor.

2.Columns of tall buildings have a considerable reserve of stability against progressive

collapse due to reserve by loads and strength of materials (different y, and ym, and not is strain).
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3.A significant reserve of stability of the building against collapse is used in brick interiors
and interiors partitions..

4.Set maximum limits of steps vertical elements for buildings with different responsibilities,
in which the progressive collapse is not critical.

5.The most weak point for the collapse is elements overlap over the deleted column.

6.At joints of slabs with columns is recommended to envisage the establishment of special
anchor rods

Key words: life, reinforced concrete frame, columns, a progressive collapse.

YCTOMYMBOCTh KOJOHH KAPKACHBIX 3JaHUN NMPOTHUB MPOrPecCHpPYIOIero
pa3pyLieHust

1 2
Baaoumup Kpunax', Poman /lasuoenko
KuesBckuil HalMOHAIBHBINA YHUBEPCUTET CTPOUTENBCTBA U APXUTEKTYPBI

L kripak.vd@gmail.com, https://orcid.0000-0001-6575-5015, > davydenko_roman@bigmir.net

B coorBerctBun ¢ [JIbH B 2.2-24:2009] nans BceX MHOTOATaXKHBIX 3JaHUN IpHU
IIPOEKTUPOBAHUM  PEKOMEHAYETCS BBIIOJHATh OLIEHKY CTOMKOCTM KOHCTPYKTMBHOW CXEMbl Ha
mporpeccupyromiee oopylieHne. B kadecTBe JTOKAIBHOTO (THIOTETHYECKOT0) — OOpYIICHUS IS
KAapKaCHOT'O 3/1aHUs HOPMbI PEKOMEHJYIOT paccMaTpuBaTh YJaJE€HHUE KOJOHHBI (IIMJIOHA) OJHOTO
(mr00Ooro) sraxka  3maHMS M OOpYIICHHS Y4YacTKa IEPEKPUTHS OJHOrO JTaXka Ha IUIOIIAJN
JIOKAJIbHOTO OOpYILEHMsI , BEIMYMHA KOTOPOH Hopmupyercs. Benuunna nedopmanuii U mupuHa
PacCKpBITUS TPELIUH B KOHCTPYKIMAX HE PETJIAMEHTHPYETCSI.

JU1 OLIEHKH CTOMKOCTH BEPTUKAJIBHBIX JIEMEHTOB KapKacHOTO 3IaHMsI, JUIsl IEPBOTO ClIydas
JIOKAJIbHOTO OOpYIIeHMs, NpPOBEIEHbl YUCIEHHble wHccaenoBanus 30-TH 3TaXHOTO 3J1aHUS
KapkacHoro tuma ¢ ucnojib3oBanueM [TK JIMPA-CATIP 2015(R1).

3aayamMu MPOBEIEHHOTO MCCIIEI0BAaHUS SBIISIINCH:

1. Ananu3 noBefieHUs] KapKacCHOIO 3/1aHUsl IIPU MOATAIHOMY YAAJEHHUIO1 U3 paboThl KOJIOHH,
PacroJOKEHHBIX B XapaKTEpHbIX 30HAX IUIaHa 3JaHMS.KbTOpBIE SIKI MOTYT  IOCJIE€OBATEIbHO
BUKJIIOYATCS U3 pabOTHI P  MPOTPECCUPYIOIIEMY pa3pyIICHUH.

2. AHamu3 BIMSHHUS Ha TepepacrpesielieHne YCUJIMA B KOJIOHHAXBBEIEHUS W ydeTa B
KOHCTPYKTUBHOHN cXeMe 3/1aHus 0aJIoK MO OCSIX KOJIOHH, CYIIECTBYIOLUX HEPErOPOJIOK U KOCTKUX
sTaxkel (ayTpUrepHbIX).

BappupoBanuce maru KoJI0OHH KapKaca, MECTa pacoIOKEHU KOJIOHH, KOTOPBIE BBIKIIIOYAJINChH
U3 paboThl, ¥ PSA JPYTUX ApPaMETPOB.
OcCHOBHBIE pe3yJbTaThl U BBIBOJBI 10 paboTe.

1. BbIsBIIEHBI caMble OMAaCHBIE MECTa PAcIOJIOKEHUS YNAJICHHBIX KOJOHH B IUIaHE U 110
BBICOTE 37aHUs. TakKUMH SIBIIAIOTCSA KpallHUE U YTJIOBBIE KOJIOHHBI IIEPBOTO TaXA.

2. KOJOHHBI BBICOTHBIX 3[JaHUN HMMEIOT CYHIECTBEHHBIH PpE3€pPB CTOMKOCTH IMPOTHUB
MIPOrpecCUpyIolIero oOpylIeHus 3a CYeT 3amaca 10 Harpy3kax M HpPOYHOCTH  MaTepuasoB
(ucmionb3yroTcst pasHbie KOIDGUIMEHTHI Yy WYy U HE HOPMYIOTCS IeOopMaIiiH ).

3. CylecTBeHHBI pe3epB  CTOMKOCTH 3MaHUS TPOTHUB OOpYHIEHUS HaXOAWTCA B
MCIIOJIb30BAaHNN KUPIUYHBIX MEXIYKOMHATHBIX U MEXIYKBAPTUPHBIX [IEPETOPOJIOK.

4. BpIABICHBI TPAaHUYHbIC LIard BEPTHUKAIBHBIX 3JEMEHTOB Ui 031aHU pa3HOrO YpOBHSA
KJIacca OTBETCTBEHHOCTH, IIPH KOTOPBIX MpOrpeccupyroliee 0OpyIIeHne He BISETCA€ KPUTUUHBIM.
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5. Haubomee crmaObiM MeCTOM [JIi TIEPBOTO Ciydas OOPYIICHHUS SBISIOTCS SJIEMEHTHI
MEPEKPUTUI HAZl YAAIEHHON KOJIOHHOM.

6. B cThIKax mIUT MepeKpUTHIl C KOJIOHHAMU PEKOMEHIIYET Cs MPEyCMAaTPUBATh MOCTAHOBKY
CHEIIMATbHBIX aHKEPHBIX CTEPIKHEH.

Knrouegwle cnoea: CTOMKOCTD, KeNe300€TOHHBIN KapKac, KOJIOHHBI, IPOTPECCUPYIOIICEe
oOpy1eHue.

YucesbHe MOICTIOBAHHS NPOLECY PYHHYBAHHS 3aJ1i300eTOHHUX 0AJI0K
MOHOJIITHOT'O OTOPOJKEHHS Ta PO3PAXYHOK 00 NMOCUJICHHS ByIJlelleBUMH
Martepianamu

Bonooumup Yupea', Onexcanop Ianuenko’, Temana ‘Iupeas,
Anopiii Caguenxo’, Kamepuna Pomanenko’
! TOB «Ipuaninpos’s», 2 TOB «Cika YkpaiHay,
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Ha cranii OyniBHuITBa GaraTronoBepxoBoro OyauHKYy B M. KuiB Ha 3ami300eTOHHHX Oankax
MOHOJIITHOTO OTOPOJKEHHS 3’ SBWIMCH TPILIMHU. BapTo 3ayBa’kuTH, 110 MPUYMHA X BUHUKHEHHS
3a0yJOBHUKOM He Oyna 3’scoBaHa. ToMy aBTOpaMu IpeICTaBJICHOI JOMOBiAI Oyld BHCYHYTI
3MOJIeNIbOBaHi B mporpamHomy Komruiekci “JIMPA 20137 gesiki mpuIyIieHHs I100 iX MOSBH.

MeTtoro nocnikeHb Oyl0 BHU3HAUEHHSI HaIpyXeHO-1e(OpMOBAaHOTO CTaHy (UIMPUHU
PO3KPUTTS TPIIIMH Ta MPOrMHIB KOHCTPYKIIii), MOPIBHSHHSA OTPUMAHUX PE3YyibTaTiB 3 (PaKTUUHUMU
JaHWMU Ta HaJIaHHS PEKOMEHAIlIN 1010 PEMOHTHHX 3aXO/IiB.

AHanizyroud MOXJIUBI TNPUYMHU BUHUKHEHHs Je(QeKTiB Ta JIHCHUX MpOruHiB Oanok
aBTOpaMH IPEJICTaBJICHOI JTONOBiAl Oysi0 3p0o0JeHO MPUIYLIEHHS, 10 MIJIipHI CTOMKHA ONanxyoKu
pureniB Oynu 3HATI 40 OETOHYBaHHS MapareTiB Ta HAOOPY MILHOCTI OETOHY, a MPOEKTHY MIIHICTh
0eToH HaOpaB MICJs OTPUMAHHS NPOTHHIB Ta YTBOpEeHHS TpiuH. [IIBuaKICT HAOOpYy MIITHOCTI Ta
HIBUJIKICTE POCTY MOJIYJISl HPYKHOCTI OETOHY OJIHAKOBi, ajle HA MOMEHT YTBOPEHHsS TPILIUH Ta
HAJJIMIIKOBUX IPOTUHIB MIIHICTh Ta, BIAMOBIAHO, 3HAYEHHSI MOAYJS MPYKHOCTI HeBimome. Jlims
MOJAJIBIIONO MOJICJIOBAHHSA 3 METOK BH3HAYEHHS HaNpPYyKEHO-Ie(pOpPMOBAHOIO CTaHy Oyio
npuitHITO 15% 3Ha4eHHSI MOAYIIS IPYKHOCTI B11 HOPMaTHUBHOTO.

B pe3ynbrati po3paxyHKy OTpUMaHi HaCTYIHI 3HAYEHHS IepeMillEHb.

Kpaii 6anku Ne36 Asept=-14.2727 mm.

Kpaii 6anku Ne37 ABept=-8.27138 mm.

OTpuMaHi po3paxyHKOBI pe3yjibTaTH 3BipeHI 3 (GAKTUYHUMH JAaHUMH Ta MiATBEPIKYIOTh
HaBEJICHY BHWIIE TIMOTE3y 1 MO3BOJISIOTH BU3HAYUTH HEOOXiJHI MiCli YCTAaHOBKH EIIEMEHTIB
M1JCWJICHHS 13 BYTJICIUIACTUKOBUX JIAMEJEH.

Buxoznsuu 13 aHanizy HampyXKeHHO-Ie(OpPMOBAaHHOTO CTaHy ( IIMPUHU PO3KPHUTTS TPIIIMH
Ta TPOTHHIB KOHCTPYKIiH) pPEKOMEHIYEThCS BHKOHATH TIOCHJICHHS PO3TATHEHHX 30H OaJloK,
KOJIOHH Ta MapareTiB HaKJICIOBAHHIM BYIJICIIACTUKOBUX JIaMeled 13 MomepeaHiM HaJliiHUM
3aKPUTTSM TPIIIHH METOJOM iH €KTyBaHHS THKCOTPOITHUMH €TIOKCHIHUMH CMOJIAMH.

Kniowuosi cnoea: pyiinyBaHHs, MOJEIIOBAHHS, IOCUJICHHS
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Numerical simulation of the monolithic fencing reinforced concrete
beams demolition process and calculation of its reinforcement with
carbonaceous materials

Volodymyr Chyrva’, Oleksandr Panchenko?®, Tetyana Chyrva®,
Andriy Savchenko?, Katerina Romanenko®
L TOV "Pridniprov'ya", > TOB «Cika Ykpainan,
¥ Kyiv National University of Construction and Architecture,
*TOV "Pridniprov'ya" ,> Kryvyi Rih national university
Yvlad.chyrva@gmail.com, * tetyana.chyrva@gmail.com, https://orcid.0000-0002-6657-5443
*oridnepr.pr@ gmail.com , *renkr83@gmail.com, https://orcid.0000-0003-2861-5595

At the construction stage of a multistory building in Kyiv cracks appeared on the reinforced
concrete beams of monolithic fencing. It should be noted that the cause of their appearance has
not been clarified by the developer. Therefore, the authors of the following article put forward
and modeled some assumptions about their appearance in the software complex "LIRA 2013".

The purpose of the research is determination of the stress-strain state (width of the crack
opening and structural deflection), comparision the results with the actual data and providing
recommendations for repair measures.

By analyzing the possible causes of defects and actual deflection of beams, the authors of
the report presented the assumption that the retaining racks of the girth rail formwork were
removed before the parapets concreting and the concrete strengthening, and the design strength of
the concrete was gained after deflections and cracks emerging. The strengthening speed and the
growth rate of the concrete elastic modulus are the same, but at the time of the formation of
cracks and excess deflections, the strength and, accordingly, the value of the elastic modulus are
unknown. For further modeling for determination of the stress-strain state, 15% of the normative
elastic modulus value was taken.

As a result of calculation the following values of displacements are obtained.

Edge of beam Ne 36 Avert = -14.2727 mm.

Edge of beam Ne 37 Avert = -8.27138 mm.

The calculated results are checked against the actual data and confirm the above hypothesis
and allow to determine the necessary places for installing reinforcement elements from carbon
fiber lamellae.

Based on the analysis of the stress-strain state (the width of the crack opening and the
deflection of structures), it is recommended to reinforce the stretched zones of beams, columns
and parapets by gluing the carbon-fiber lamellae with the preliminary reliable cracking by the
injection method with thixotropic epoxy resins.

Key words: fencing, simulation, demolition process

YucjieHHOEe MO/IeJIHPOBaHNE MPOIecca pa3pylieHns Kej1e300eTOHHBIX 0aJI0K
MOHOJIMTHOTO OTPaKIeHNsI M PACUYeT €ro YCHJIEHHUsI YI1eBOHbIMHI
MaTepuajaMu

1 2 3
Baaoumup Qupea, Anexcanop Ilanuenxo®, Tamoana Yupea’,
N 4 5
Anopeit Caguenko’, Ekamepuna Pomanenko
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Ha craguu ctpouTenbcTBa MHOIO3TaXHOIO 37aHus B I. KueB Ha jkene300€TOHHBIX Oankax
MOHOJINTHOTO OTPaXJEHUS TMOSABWIMCH  TpemmHbl. Creayer 3aMeTuTh, YTO TNPUYMHA HX
BO3HUKHOBEHHUS 3aCTPOMIIMKAMU YCTaHOBJIEHAa He Obuia. [loaTomMy aBTOpaMu MpencTaBIEHHOIO
JO0KJana ObUIM TpPEeIIOKEHBl M CMOJCIMPOBAHBI B mporpamMmHoM  Kowmruiekce “JIMPA 20137
HEKOTOpbIE JOIMYIIEHHUs UX BO3ZHUKHOBEHHUS.

Lenpto uccrnempoBanust OBLIO OIpENEIeHHEe HANPSKEHHO-Ie()OPMUPOBAHHOTO COCTOSHHS
(LIMPUHBI PACKPBITHS TPELIMHBI U IPOTMOOB KOHCTPYKLUIT), CpaBHEHHE MOIYYEHHBIX PE3yIbTaTOB
¢ (pakTHYECKMMHU JAHHBIMU U TIPEIOCTABICHNE PEKOMEHANN IO PEMOHTHBIM MEPOTIPUSATHSIM.

AHanu3upysi BO3MOKHBIE IPUUMHBI BO3HUKHOBEHUS J1€()€KTOB U peabHbIX NMPOrudoB OalokK,
aBTOpPaMHU JAHHOTO [OKJaJa ObUTH CAeNaHbl MPEANOI0KEeHUs, YTO MOJNOPHBIE CTOWKH OnaryOKu
pureneil ObUIM CHATHI 10 OETOHUPOBAHUS MApaneToB M Habopa MPOYHOCTU OETOHA, a MPOEKTHYIO
MIPOYHOCTH OETOH HaOpaj Mmocie MmoydeHus MporudoB U odopaszoBanus TpemuH. CKopocTs Habopa
IIPOYHOCTU U CKOPOCTh POCTa MOAYJIS YIPYTOCTH OETOHA OJJMHAKOBBIE, HO B MOMEHT 00pa30BaHMs
TPEUIMH W H30BITOYHBIX MPOTHOOB MPOYHOCTH M, COOTBETCTBEHHO, 3HAYEHUS MOMIYIS YIPYTOCTH
HEU3BeCTHbI. [l JanbpHEWIIero MOAEIMPOBAHUSA C LEJIbIO0  OINpPENeNICHUs] HaIpsSKEHHO-
ne(GOopMHUPOBAaHHOTO COCTOSIHUSL ObUIO TpUHATO 15% 3HAa4YeHHWsT MOIyJs YOPYrocTd  OT
HOPMAaTHUBHOTO.

B pe3ynbrarte pacuera moJryyeHsl CIEIYIOIINE 3HAUEHUS IEPEMELICHU.

Kpas 6anku Ne36 Apept=-14.2727 mm.

Kpas 6anku Ne37 ABept=-8.27138 mm.

[lonmy4yeHHble pacueTHbIE JIaHHBIE  COIIOCTaBJIEHBI C (aKTUUYECKUMHU JaHHBIMH U
MOJITBEPKIAIOT MPUBEICHHYIO BBIIIE THIIOTE3Y M MO3BOJSIOT ONPEACTUTh HEOOXOAUMBIE MECTa
YCTQHOBKH 3JIEMEHTOB YCUJIEHUS U3 YIIICIUIACTUKOBBIX JaMeleH.

Hcxons m3 aHanuza HanpsyKeHHO-A€(OPMUPOBAHHOTO COCTOSTHUS  (IIMPHHBI PACKPBITHS
TPELUIMH M NPOTHOOB KOHCTPYKIMH) PEKOMEHAYETCS BBINOJHUTH YCHJIEHHE PpACTSIHYTHIX 30H
0aJloK, KOJIOHM W MaparneToB HaKJIEHBAaHMEM YIJICIJIACTUKOBBIX JIAMEJIeH C MpenBapUTEIbHO
HA/IKHBIM 3aKpPBITUEM TPELIMH METOJIOM MHBEKTHPOBAHUS THUKCOTPOIHBIMU SMOKCHIHBIMU
CMOJIaMHU.

Knrouegwvie cnosa: pazpyuieHue, MOEIUPOBAHUE, YCUIICHNE

InHoBauiiini TexHo0OTil pekoHcTpyKIii MocTiB Sika Ha npuxiani
peaduriTanii aBromircrpanai M06 «KuiB-Hom»

Onexcandp IManuenxo', KOpii Cooxo’, Anamoniii Cinakin®
'TOB «Cika Ykpaina», Panchenko.Aleksandr@ua.sika.com,

2 HanioHansHuit yHiBepcuTeT «JIbBiBChKa mostiTexHika», SObKo.Yuriy@ua.sika.com,
3 XapKiBCbKUH ep»KaBHUN TEXHIYHUHN YHIBEpCUTET OYAIBHUIITBA 1 apXITEKTYp,
Sinyakin.Anatoliy@ua.sika.com

JlomoBiib MpHCBsSiUEHA JIOCBIlY BUKOPUCTAHHS 1HHOBALIMHUX TEXHOJOTIH pPEeKOHCTPYKIIii
MOCTIB 1 IUISIXONPOBO/IIB Ha aBTOMOOUIbHHX HIIAXaxX YKpaiHH.

BriposioBk ocTaHHIX ABAAIATH POKIB 1HHOBALiMHI TEXHOJIOTIi PEMOHTY 1 pPEeKOHCTPYKLi
MOCTIB Ta HUIAXOMPOBOMIB Sika YCHIIIHO BIPOBAKYIOTHCS 1 IMUPOKO BHUKOPHCTOBYIOTHCS Yy
MocToOyaiBHUIBI YKpainu. [liBneHHuii mict 1 MicT «MeTtpo» y M. KueBi, AMypchbKUil MICT 1 MiCT
No2 y ™. [Muinpi, mimoxigai Moctd B KwueBi, MocToBuii mepexim mo rpebni KaxoBcbkoro
BOJIOCXOBHIIA, MOCTH yepes p. Jlatopuist y M. Canssi it M. MykaueBe, mict Nel uepes p. ninpo
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B M. /lHimpi, muisxomposin B c¢. BictoBa IBano-®paHKIBCEKOI 007acTi, NIUISIXONPOBIJ uepes
samizHuIo «Kapapaesi ladi» y M. KueBi, aBapiitHuii nuisixonposia Ha 00xo/1 M. Binauti, mia’i3Hi
ecrakagu aeponopriB bopucmine i JloHeUbK, MICbKHI NUISXONPOBIN y CKJaai TPaHCIOPTHOI
po3B’s3ku o npoctt. YepBonoi Kanuuu y M. JIbBoBi, MicT uepes p. CiBepcbkuii J[oHens B paMkax
npoekTy €C 3 BiTHOBIEHHS MOCTa, sIKUi OyB migipBanui, Outbme 170 MOCTIB 1 IUIAXOMPOBO/IB HA
aBTOMAricTpaisax MikHapoaHoro 3HadueHHs MO06, MO05, M03 Ta Oararo IHmHX - IIe peaibHi
00’exTH, e Oyl BHUKOPHUCTaHI, MEPEBipeHi 1 3HAXOAATHCA MiJ MOCTIHHUM JOTJISAIOM MPOTATOM
npuHaiiMHi 10-TH OCTaHHIX POKIB SIKICTh 1 HaAIHHICTh MaTepiaiiB i TeXHIYHHMX pimeHb Sika, ski
BUKOPHCTOBYIOTHCS JJI1 MOCTIB 1 IUIIXOIIPOBO/IIB.

B naniii cTtaTTi OMMCAHWK TOCBIJI BUKOPUCTAHHS 1HHOBALIMHUX TEXHOJIOTIM 1 MarepiajiB
¢dipmu Sika Ha mpukIagl PeKOHCTPYKIIi/PEMOHTY MOCTIB 1 NUISXOIPOBOJIB HA aBTOMArictpai
MibKkHapoaHoro 3HaueHHs M06 «KuiB-Homy.

Kntouoei cnoea: peMOHT, peKOHCTPYKIIisl, IHHOBAI[II{HI TEXHOJIOT1i, MOCTH, IIJITXOMPOBO/IH.

Innovative Sika’s technologies of bridges reconstruction by rehabilitation of
MO06 "'Kyiv-Chop" highway

Alexander Panchenko®, Yuriy Sobko?, Anatoly Sinyakin®
! Sika Ukraina LLC , Panchenko.Aleksandr@ua.sika.com,
2 National University "Lviv Polytechnic", Sobko.Yuriy@ua.sika.com,
*Kharkiv State Technical University of Construction and Architecture,
Sinyakin.Anatoliy@ua.sika.com

The report is devoted to the experience of using innovative technologies for the
reconstruction of bridges and overpasses on Ukrainian highways.

Over the past twenty years, Sika’s innovative technologies for the repair and reconstruction
of bridges and overpasses have been successfully implemented and widely used in bridge
construction in Ukraine. Southern bridge and "Metro Bridge" in Kyiv, Amur bridge and bridge # 2
in the city of Dnipro, pedestrian bridges in Kiev, bridge crossing on the dam of the Kakhovka
Electric Power Station, bridges across the river Latoritsa in Svalyava and Mukacheve City, the
bridge Nel across the Dnipro River in the City of Dnipro, the bridge in the Vistova village Ivano-
Frankivsk region, bridge through the Karavaivy Dachi railway in Kyiv, emergency overpass on the
bypass of Vinnytsia, access ramps of Boryspil and Donetsk airports, city overpass in the traffic
interchange on the Chervonoi Kalyny Prospect in Lviv, a bridge across the river Siversky Donets in
the framework of the EU project on the reconstruction of the bridge that was blown up, more than
170 bridges and overpasses on international importance roads M06, M05, M03 and many others are
real objects where have been used, tested and under constant care for at least the past 10 years, the
quality and reliability of Sika materials and technical solutions used for bridges and overpasses.

This article describes the experience of using Sika's innovative technologies and materials
on an example of the reconstruction/repair of bridges and overpasses on the international
importance highway MO06 "Kyiv-Chop".

Key words: repair, reconstruction, innovative technologies, bridges, overpasses.

NHHOBaNMOHHBIC TEXHOJIOTHMH PEKOHCTPYKIUM MOCTOB Sika Ha npumepe
peadunuranuu aproMmurcrpanau M06 «Kues-Hom»

Anexcanop Ianuenxo®, FOpuii Coo6xo’, Anamonuii Cunaxun’
TOB «Cuxka VYkpaunay, Panchenko.Aleksandr@ua.sika.com,
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Harmonansslii yauBepentet «JIbBOBCKas monuTexHukay , Sobko.Yuriy@ua.sika.com,
3Xap1>1<01301<1/1171 rOCYIapCTBEHHBI TEXHUYECKU YHUBEPCUTET CTPOUTEIIBCTBA U APXUTEKTYPHI,
Sinyakin.Anatoliy@ua.sika.com

Jlokiia MOCBSIIEH ONBITY MCIOJIb30BaHUS MHHOBAIIMOHHBIX TEXHOJOTHMH PEKOHCTPYKLIHMU
MOCTOB U IYTEIPOBOJIOB HAa aBTOMOOMJIBHBIX JJOpOrax Y KpauHbl.

B Tewenuwe mocinegHUX JABaALATH JIET WHHOBALIMOHHBIE TEXHOJIOTMM PEMOHTA H
PEKOHCTPYKIIMM MOCTOB M IMyTENpoBOAOB Sika YCIENIHO BHEAPSAIOTCS U IIUPOKO UCHOIb3YIOTCS B
MocTocTpoeHUH YKpausbl. FOxHbI MocT u MocT «Metpo» B r. Kuee, AMypckuii MOCT U MOCT
Ne2 B r. Jlnenpe, nemexoansle MocTbl B KueBe, MOCTOBOM mnepexonx mo miotuHe KaxoBckoro
BOJOXPaHWINILA, MOCTHI yepe3 p. Jlatopuna B r.. CBansBe u M. MykaueBo, roposioB Nel uepes p.
Juenp B r.. Jlnenpe, myrenpoBoa B ¢. Bectoas MBano-®paHKOBCKOH 001acTH, MyTENPOBO Yepe3
xene3nyro gopory «KapaBaesbl Jlaum» B r.. Kuese, aBapuiiHblii myTenmpoBoa Ha 00Xoae T..
Bunnune, nogbe3aHble 3cTakaipl a3ponoptoB bopucnons u J[OHEUK, TOPOJICKOW MOCT B COCTaBe
TpaHCIIOPTHOM pa3Bsizku 1o npoci. Kpacuoit Kanuner B M. Open, mocT 4yepe3 p. CeBepckuii Jlonen
B paMkax mnpoekta EC mo BOCCTaHOBJIEHHMIO MOCTa, KOTOpPBIH ObLI B3opBaH, O6osiee 170 MocToB u
MyTENPOBOJOB HAa aBTOMArMCTpaISIX MexAyHapoaHoro 3Hauenus MO06, MO5, MO03 u MHorue
Ipyrue - 3TO pealibHble OOBEKTHI, IJie OBbLIM HUCIOJIb30BaHBI, MPOBEPEHBI U HAXOIATCS MOJ
IIOCTOSIHHBIM TIPUCMOTPOM B Te4YeHHE MO KpaiiHeil mepe 10-Tu mocienHUX JIeT KayecTBO U
HAJEKHOCTh MaTEpHUaJIOB U TEXHUYECKHX peuieHuil Sika, KOTOpbIe MCHOIB3YIOTCS UIsI MOCTOB U
IIyTENPOBOJIOB.

B naHHOW cTarbe ONKCaH ONBIT MCHOJIb30BAaHUS WHHOBALIMOHHBIX TEXHOJOTMH U
MmarepuaioB ¢upMel Sika Ha mpuMepe PEeKOHCTPYKUMH / PEMOHTa MOCTOB M ITYTEIIPOBOJIOB Ha
aBTOMarucTpaiu MexayHapoanoro 3Hauenuss M06 «Kues-Yorm.

Knrwowuesvie cnoéa: peMOHT, PEKOHCTPYKLHS, WHHOBALMOHHBIE TEXHOJOIMM, MOCTSI,
IIyTENPOBOBI.

E¢exTuBHI MOHOJIITHI IEPEKPHUTTH 3 MOPOKHUCTUMHU BKJIAAMIIAMH
.1 2
Bonooumup Kpinax~, Poman Anmonoe

KuiBcbkuii HalioHaJIBHUM yHIBEpCUTET OyIIBHULITBA 1 apXITEKTYpH
1 kripak.vd@gmail.com, https://orcid.0000-0001-6575-5015, %.roman@ankon.com.ua

[IpoGnema 3HMXKEHHS Macu MEPEeKPUTTIB B 0araronoBepXOBHUX OyIBISAX € BaXXJIUBOIO 1
aKkTyanpHOMO. JIJI1 3HM)KEHHS MAacH NMEpPEeKPHUTTIB, 110 3BOJATHCS 3 MOHOJIITHOTO O€TOHY, B Pl
KpaiH HIMPOKO 3aCTOCOBYIOTH INMEPEKPUTTS e()EeKTUBHUX KOHCTPYKTHUBHHX ¢opm. Hampukmnan, y
0araTboX €BpONEHCHKUX KpaiHax OYAYyIOTh MOHOJIITHI KECOHHI MEPEKPUTTS 3 eJIEeMEHTaMu y
BUTJISAA1I MYCTOTUIMX OETOHHUX OJIOKIB, MJIACTUKOBUX €JIEMEHTIB Pi3HOMAHITHOI (OpMH 1 T.IL., IO
3aJIMIIAIOTHCS B TOBIUI KOHCTPYKIIT munTu. L{i exeMeHTH BiAIrparoTh pojib HE3HIMHOI ONManyOKH,
dbopMyroUuM MPOCTIp JUIsI OTPUMAHHS KECOHHOI CTPYKTYPHU 3 MOHOJITHOTO O€TOHY, 3allOBHIOIOTH
YaCTUHY KOHCTPYKIIi TEpPEeKPUTTs, OJHOYACHO YTBOPIOIOYHM IIYCTOTH 1 3MEHIIYIOYH Macy
MEPEKPUTTIB.

[IpuHIMI YyTBOPEHHS MYCTOT B NMEPEKPHUTTI HE HOBHM, ajieé B Cy4aCHOMY OYZIBHUIITBI BiH Ma€
CYTT€B1 BIIMIHHOCTI BiJl BIJOMHX 1 1HINI crocoOu peanizamii. BUKOPUCTOBYIOTH pi3HI BapiaHTH
YTBOPEHHSI 0araTo MOPOXXKHUCTHUX IUTUT JUI BUPIMIEHHS PiI3HUX KOHCTPYKTUBHUX 3a7ay:

1. Po3ramryBaHHs MycTOTOYTBOPIOBAYiB B OHOMY HaNpsIMKY (OJHOIIPOJIITHA cXeMa POOOTH);
2. PoszramyBaHHS IyCTOTOYTBOPIOBAYiB B JIBOX HAaNpsIMKax (IBOIPOJITHA, MEpeXpecHa cxema
pobotn);
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3. YTBOpeHHs B TUIl IJIUTH B 30HI CIHUPAHHS Ha BEPTUKAIbHI €JIEMEHTH IUISHOK IUIUT Oe3

HNOPOXXHHH (YTBOPEHHS YMOBHUX KaIliTesneil).

[Tpunmun Ta xapaktep poOOTH BCIX BapiaHTIB CXOXKWH, ane € BIAMIHHOCTI y TEXHOJOTIl
BUPOOHUIITBA, 3acOo0ax pealizailii Ta OTpUMaHUX pe3yabTaTax.

Jlyis aHamizy HampyXeHo 1e(OpMOBAHOTO CTaHy MEPEKPUTTS 3 MOPOKHUHAMHU PO3pOOIICHA
OaratoejieMeHTHA pPO3paxyHKOBa MOJEIb (YMOBHO “TOYHA”) 3 BHUKOPHUCTAHHSM IMPOrPAMHOTO
komrmuiekcy  “SCAD OFFICE”. IlpoBeneHuii TOpIBHAJIBHUN aHai3 MK TEPEKPUTTSIM B
TpaguIiiHOMY BUKOHAHHI, Y BUTJIAA1 0€30a]IKOBOIO MOHOJIITHOTO MEPEKPUTTSI TOBIIHHOIO 200 MM,
Ta MEPEKPUTTIM 3 TOPOKHUCTUMH BKJIAIUIIAMH Ha KOHKPETHOMY ITPOEKTHOMY 00’ €KTi.

TopiBHSAHES BUTpaT MarepianiB Ha | M° IUIaHy IUINTH TEPEKPUTTS y 0e36aT0OdHOMY Ta
6araTonopoXKHUCTOMY BUKOHAHHI HaBeAECHO B Tabm. 1.

Tabnuys 1
TokasHuKH Ha |M° Tun nepekpurts
TUTaHY TUTUTH besbankose BararonoposxHucre
Butparu craiti , Kr 27,3 24,4
OGeM GeToHy, M 0,2 0,135
Bnacha Bara, kr 510 332

3 JaHMX, HABEJCHUX Yy MOPIBHAIbHIA TAOMUIl BUIHO, IO NEPEKPUTTS 3 MOPONKHUHAMHU Ma€e
psia mepesar, a came: notpedye Ha 0,07 M° MeHIe O0eToHy; Mae MeHIly Bary Ha 178 kr; Ha 11%
MEHILIE BUMArae CTaji JJi apMyBaHHsI; )KOPCTKICTh IUIUTH 3 MOPOKHUHAMU B 1,5 pa3u nepeBuulye
YKOPCTKICTh 3BUYAMHOT IJTUTH.

Knwuoei cnoea: nuita 3 BKIaUIIAMU, 3a11300€TOHHI MEPEKPUTTS, apMyBaHHS,
MOPO’>KHUHOYTBOPIOBaYi

Effective multi vold reinforced concrete slabs

Volodymyr Kripak', Roman Antonov?
Kyiv National University of Construction and Architecture
L kripak.vd@gmail.com,https://orcid.0000-0001-6575-5015, > roman@ankon.com.ua

The problem of reducing the mass of overlappings in high-rise buildings is important and
relevant. To reduce the mass of overlappings, which are reduced from monolithic concrete, in a
number of countries widely used overlappings of effective structural forms. For example, in many
European countries, they build monolithic caisson overlappings with elements in the form of hollow
concrete blocks, plastic elements of various shapes, etc., which remain in the thickness of the plate
design. These elements play the role of irremovable formwork, forming the space for the receipt of
the caisson structure of the monolithic concrete, fill the part of the structure of the ceiling,
simultaneously forming voids and reducing the mass of overlappings.

The principle of the formation of void in the overlap is not new, but in modern construction, it
has significant differences from the known and other ways of realization. Use of various variants of
use of multivoid slabs for solving various constructive tasks:

1. Location of voidformers in one direction (single-span diagram of work);

2. Location of voidformers in two directions (two-flow scheme of work);
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3. Formation in the body of the plate in the zone of reliance on the vertical elements of
sections of plates without cavity (the formation of conditional capitals).

The principle and nature of the work of all variants is similar, but there are differences in the
technology of production, means of implementation and the results.

A multi-element calculation model (conventionally "exact™) was developed for the analysis of
a highly deformed state of overlap with cavities using the software complex "SCAD OFFICE".
Conducted a comparative analysis between the overlap in the traditional design, in the form of a
non-fringed monolithic overlap of 200 mm thick, and overlapping with voidformers on a specific
project site.

Comparison of the cost of materials per 1 m2 of the slab floor plan in a non-bulk and multi-
cavity performance is given in Table 1.

Table 1.
Indicators for 1m2 Type of overlap
Flat (traditional) Multiviod
Steel consumption, kg 27,3 24,4
Amount of concrete, m3 0,2 0,135
Own weight, kg 510 332

From the data given in the comparative table it is clear that the overlap with cavities has
several advantages, namely: it needs 0.07 m3 less concrete; has a lower weight of 178 kg; 11% less
steel requires reinforcement; the rigidity of the plate with cavities in 1,5 times exceeds the rigidity
of the usual plate.

Keywords: plate with viods, reinforced concrete overlap, modeling, reinforcement, cavity
formers.

P PeKTUBHbIC MOHOJIUTHbIC MIEPEKPUTHS € IIyCTOTHHIMHU BKJIAABIIIAMMA

1 2
Baaoumup Kpunax, Poman Anmonoeg

KueBckuii HaI_II/IOHaJ'ILHHﬁ YHUBCPCUTET CTPOUTECIILCTBA U APXHUTCKTYPbI
1 kripak.vd@gmail.com, https://orcid.0000-0001-6575-5015, % roman@ankon.com.ua

[IpoGnema cHUMXKEHHUS MacChl MEPEKPBHITUN B MHOTOATaKHBIX 3JAHUX SIBISETCS BaXHOW U
aKTyanbHOM. J[1s1 CHMIKEHHS MacChl NMEPEKPBITTHI, KOTOpbIE HW3rOTOBJSIIOT W3 MOHOJIUTHOIO
0eToHa, B pAlie CTpaH HIMPOKO UCIOJIB3YIOT MEPEKPBITUS 3PPEKTUBHBIX KOHCTPYKTUBHBIX (HOPM.
Hanpumep, BO MHOTHX €BpONENCHKUX CTPaHAX BO3BOAST MOHOJUTHBIE KECCOHHBIE IEPEKPBITHUS C
3JIEMEHTaMU B BHJIE ITYCTOTEJIBIX OETOHHBIX OJOKOB, IJIACTUKOBBIX 3JIEMEHTOB PA3IUYHON (HOPMBI
Ui T.I., KOTOpblE OCTAalOTCSd B MAaCCHBE KOHCTPYKIUH IUIUTHI. DTH 3JEMEHTBHl WIPAIOT POJIb
HEChEeMHOM onanyOKku, GopMys IPOCTOp KECCOHHON CTPYKTYPHI M3 MOHOJIUTHOTO O€TOHA, 3aIOIHss
4acTb KOHCTPYKIIMHM TIE€PEKPBITHS, OJHOBPEMEHHO CO3/laBas IIyCTOThI M yMEHbIIAs Maccy
MIEPEKPBITHH.

[IpuHIMI co3/1aHus MYCTOT B MEPEKPHITUSAX HE HOBBIM, HO B COBPEMEHHOM CTPOUTEIHCTBE OH
MMEET CYIIECTBEHHbIE OTIWYMS OT H3BECTHBIX W JIpyrHe crocoObl peanuzanuu. Mcmonb3yror
pa3Hble BapUaHTBl CO3JaHUS MHOTIO ITYCTOTHBIX IUIMT JUISl PELIEHMs Pa3HbIX KOHCTPYKTHUBHBIX
3aja4:

1. PacnonoxeHue IyCTOTHBIX BKJIAJbIIIEH B OJHOM HAalpaBiIeHUU (OJAHOMPOJIETHAS cXeMa
paboThI);
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2. PacrnonoxeHue  MyCTOTHBIX BKJIQJbIIICH B JABYX HalpaBieHUSX (ABOMPOJIETHAS
NEepeKpecTHas cxeMa paboThl);
3. Co3manue B TOJIE IUIMTHI B 30HE ONMUPAHUS HA BEPTHKAJIBHBIC 3JEMEHTHI YYaCTKOB IUIUT
0e3 mycToT (CO3/]aHNe YCIOBHBIX KAITUTEJICH ).

[Tpuniun u xapakrep pabOThl BceX BAPHAHTOB IMOXOKUH, HO €CTh OTIMYUS B TEXHOJIOTUH
M3TOTOBIICHHS], CPEACTBAX peaM3allii U OJTYIaeMbIX pe3yJabTaTax.

Jlis aHanmu3a HanpsOKEHHO- /1€(OPMOBAHHOTO COCTOSIHUSL TEPEKPBITHS C  MyCTOTaMU
pa3paboTaHa MHOTO3JICMEHTHAasi pacyeTHas Mojesb (YCIOBHO “TOYHAs”) C HCIOIb30BAaHUEM
nporpammuoro kommiekca “SCAD OFFICE”. IlpoBeneHHBII CpaBHUTEIbHBIA aHAIU3 MEXKIY
MEPEKPHITUEM UCIOJHEHHOM B TPAJUIIMOHHOM HCIOJHEHUH, B BHJE 0€30a70YHOI0 MOHOJUTHOTO
nepekputus TommuHon 200 MM, ¥ TEPEKPUTHEM C MYCTOTHBIMH BKJIQABIIIAMH HAa KOHKPETHOM
MIPOEKTHOM OOBKTE.

CpaBHeHHe 3arpaTr mMaTepHayioB Ha | M’ IUIaHa [UTHTHI nepekpuTus B 6€30a109HOM M MHOTO
IIyCTOTHOM HCIIOJIHEHUH NPUBEIEHO B Ta0. 1.

Tabnuya 1
Tokasareny Ha 1M’ Tun nepekpurtus
IIJIaHA TUIMTHI bezbamounoe MHoronycToTHOE
3aTpartu cTanu , KT 27,3 24,4
O6beM GeToHa, M 0,2 0,135
CoOCTBEHHBIN BEC, KI' 510 332

JlanHble, HaBeIEHHbIE B CPABHUTEIBHON TA0JIHMIIE TOKA3BIBAIOT, YTO EPEKPUTHUE C MYCTOTAMU
MMEeT Psiji IPEUMYILECTB, a UMEHHO: TpedyeT Ha 0,07 M° MeHblie GeTOHa, HMEeeT MEHBIINIT BeC Ha
178 kr; Ha 11% MeHblIe TpeOyeT cTanu A ApMUPOBAHMS; KECTKOCTh IUIMTHI ¢ TycToTaMu B 1,5
pa3u MPEeBBIIIAET KECTKOCTh OOBIYHOM TITUTHI.

Knrwoueswvie cnosa: niuta ¢ BKIablIIAMHU, )K€I€300€TOHHOE IEPEKPBITUE, apMUPOBAHHUE,
ITyCTOTBI

IigcniaenHs 3a/1i300eTOHHUX KOHCTPYKIiH 32 10MOMOI010 BKJIEECHOI MONEPEeYHOl
apMarypu

1 .. 2
JImumpo Cmopkanoe™ , Anopiii J/lakuumanoe

KuiBcbkuii HallioHaIBHUM yHIBEpCUTET OyIIBHUIITBA TA apXITEKTYpH
‘smorkalov@i.ua, https://orcid.0000-0001-7890-2686 ,%andrey.lakshtanov@gmail.com

B TaHu’ qac BCE OLTBIITY 1 3aciTy’)KeHy TOMYJISIPHICTh Ha0yBae
MeTOA  KpiluieHHsS  OymiBenbHUX  JeTajedl 1  KOHCTPYKHiM 10  0a3oBoro  marepiany
3a IOMOMOTOI0 XIMIYHUX aHKEPIB.

XiMiYHI aHKepH - 11e aHKEepH, 110 MAlOTh 3UeIUIeHHS 3 0a30BUM MaTepiajioM 3a JIOIOMOTOI0
cusl Koresii 1 aaresii. XiMi4HI aHKEPU 3aCTOCOBYIOTHCS JJISI CKPIIUICHHS 1 Qikcarii OyaiBenbHUX
MartepialiB, BUpOOiB 1 KOHCTPYKILIN 3 pI3HOTO BUIY MaTepiaiiB OETOHY, IIETJIH, KAMEHIO, 1epEBUHH,
cTaji Ta iH.

3'eqHaHHS 3a JOMOMOIOI0 XIMIYHMX AaHKEpIB MAalOTh BHCOKY MIIHICTh 3YEIUICHHS, SIKi
HabaraTo MepeBUIIYIOTh MIIHOCTI PO3MIpHUX Ta (PPUKLIMHMX MeTaleBUX aHKepiB. Taki aHkepu
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3aCTOCOBYIOTHCSI TAaKOXK B CKJIQJHHX YMOBaX EKCIUTyaTallii HECY4YMX KOHCTPYKIIii: NMPU BHCOKUX
CTAaTMYHUX, JUHAMIYHUX, CEHCMIYHHX Ta BIOpaIliiHIX HaBaHTa)KCHHSX.

Takox MIMPOKO 3aCTOCOBYETHCS IHHOBALIMHA TEXHOJIOTISI BKICHKH apMaTypu JUIsl 3'€ JHAHHS,
HapoIllyBaHHs, a00 miacuieHHs 3aniz00eToHHNX KOHCTpykiiii - HILTI REBAR. [lanuii meron
JI03BOJISIE BUPILTYBATH MUTAHHS MiJICUICHHS KOHCTPYKIIiH, BITHOBJICHHS IUTUT NMEPEKPUTTS, KOJIOH,
MPUCTPOi KOHCOJIEH (OaJIKOHIB) MpH Pi3HOMY CIHEKTPl CHUJIOBHX BIUIMBIB. BcTaHOBIIEHI B OETOH
apMaTypHi BUIYCKH 3T1IHO JIaHOI TEXHOJIOTIl IO CBOi HeCydid 3A10HOCTI HE MOCTYIAIOThCS, a
yacTo Habarato IepeBepIIyIOTh HeCydy 37aTHICTh MNPSIMOJIHIMHMX apMaTypHHX CTPHIKHIB
CIIOYaTKy 3a0€TOHOBAHUX B KOHCTPYKIIit0. [IuTaHHS MpoekTyBaHHs OyiBesb i CHOPYA B 3B'S3KY 3
iX PEKOHCTPYKII€I0 1 TOCHJICHHSIM, a TakKOXX B HOBOMY OyIiBHHUITBI HEIOCTaTHHO ITOBHO
BiJOOpaXkeHI B [MIIOYMX HOPMATHBHHX JOKYMEHTax. ToMy BENMKY pOJb B 3allOBHEHHI I[OTO
npoOiy 1 B pillleHHI BUHUKAE JOCIIPKEHHS apMaTypHHMX BHITYCKiB, BCTAHOBJICHMX B OETOH 3a
texnonoriero «HILTI REBAR», mo 103BONHMTH NPOEKTHUM OprasizamisM 1 OyaiBelbHHUKaM
OTPUMATH JCTaIbHY I1HQOPMALII0O TPO MOXKIUBOCTI IMPOINOHOBAHOTO METOAY 3'€JIHaHHS
3a11300€TOHHUX KOHCTPYKIIM 1 BUKOPUCTAHHS 1€l TEXHOJOTII MpH pillleHH] pi3HUX OyaiBeNbHUX
3ajau.

Kniouosi crosa: nincusenns 3amizo0eTOHHUX KOHCTPYKIIiH, BKiekika apmarypu, HiltiRebar.

Reinforcement of concrete structures with post installed transverse rebar

Dmytro Smorkalov', Andrii Lakshtanov?
L2Kyiv national university of construction and architecture
Lsmorkalov@i.ua, https://orcid.0000-0001-7890-2686 ,%andrey.lakshtanov@gmail.com

Nowadays it is becoming more and more well-known method of fastening of building
components and structures to the base material with the help of chemical anchors.

Chemical anchors are anchors that have grip with the base material through the forces of
cohesion and adhesion. Chemical anchors are used for fastening and fixing building materials,
products and constructions from different kinds of materials such as concrete, brick, stone, wood,
steel, etc. Connections with chemical anchors have high clamping strength, which far exceeds the
strength of the spacer, friction metal anchors (approximately 2.5 times the separation effort). Such
anchors are also used in heavy or difficult conditions of bearing structure, such as: high static,
dynamic, seismic or vibration loads.

Also, widely used is the innovative technology for concrete structures reinforcement - HILTI
REBAR. This method allows solving issues of reinforcing structures, restoration of floor slabs,
columns, devices of consoles (balconies) with a different spectrum of power influences. Post
installed rebarin concrete releases according to this technology are not inferior to the pre-installed
rebar load capacity, and often much superior to the load capacity of rectilinear reinforcing rods, first
concretes in the construction. The issues of designing buildings and structures about their
reconstruction and enhancement, as well as in new construction, are not sufficiently reflected in
existing regulatory documents. Therefore, a big role in filling this gap and in the decision, is to
study reinforcement issues installed in concrete on the technology "HILTI REBAR" that will allow
design organizations and builders to get detailed information about the proposed method of
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connecting reinforced concrete structures and the use of this technology in solving various
construction tasks.

Keywords: reinforcement of concrete structures, post installed rebar, Hilti Rebar.

PexoHcTpyKiisi OyaiBe/ib 3 BUKOPUCTAHHAM 30BHIIIHLOTO TA
BHYTPIILIHbOT0 METAJIeBOI0 KapKaciB

Bonooumup Kpinax', Onexcanop /lpoéaxa’
KuiBcbkuii HaIllOHATBHUI YHIBEPCUTET OyIIBHUIITBA 1 apXITEKTypH
1kripak.vd@qmail.com, https://orcid.0000-0001-6575-5015, 2drobakha.ak@qmail.com

B M. KueBi 1 iHIINX BEIMKHX MICTaX €KCIUTyaTyIOThCS 0araTto IETJITHUX OyIWHKIB Pi3HOTO
IpU3HAYeHHs 3a0yJ0BU MHHYJIOTO CTOMITTS. Hac B 4acy MpPOBOJAATHCS PEKOHCTPYKLIT TaKHX
OyOWHKIB NIl 3a0e3Me4YeHHs] eKCIUTyaTalliiiHoi MpuAaTHOCTI, abo g HaaO0yJOBH OJHOTO YU
JeKUIbKOX TOBepxiB. PekoHCTpykuis 3 HaaOydoBOIO, SK IPABUIIO, BUKOHYETHCS 13 3YNHMHKOIO
eKCIUTyaTallii OyAnHKY.

Huxue HaBOOUTBCA OCBI BUKOHAHHS PEKOHCTPYKIII JBOX OyaAiBeslb 3 BUKOPUCTaHHAM
pI3HUX BapiaHTIB MiJCHJICHHS Oy/iBJII METaJIeBUM KapKacoM, 30BHIIIHIM Ta BHyTpimHiM. [lepa
OymiBIsI — 1€ KUTJIIOBUUA OYIWMHOK po3ramoBaHuii B M. KueBi Ha Byn. Masemn, 16. BynuHok
noOynoBano B 1917 pomi, 4-pu TOBEpXOBWIA, 3 HECYYMMH IIO3JI0BXHIMH Ta TONEPEUYHHUMHU
LErJISHUMHU CTIHAMM, 3 MiABaJIOM. 3IiBa 1 CIpaBa BOPUTYJ 10 OyAMHKY, uepe3 aedopmaiiifHi mBu
BITOJIOBXX BYJUII Masenu, po3TailoBaHi JBa Cyci/iHI OyIUHKH.

Tyt Oyna peanizoBaHa KOHIEMIIs HaAOyIOBH 3 BIAIITYBAHHSAM 30BHIIIHBOI'O IPOCTOPOBOTO
METaJIeBOro Kapkacy, sSIKHi OM chpuiiMaB BCl HaBaHTaKEHHsS BiJl HaA0yJOBaHUX MOBEPXIB, 3
pO3TallyBaHHSIM HECY4YMX KOJIOH I103a MeXaMM 30BHIIIHIX cTiH. Hecyuuit meraneBuii kapkac
YTBOPEHHI IBOMA PsiIaMU KOJIOH, PO3TallIOBAaHUX O1JIs MO3/I0BXKHIX CTiH, TOMIEPEYHUMH OCHOBHUMU
(dbepmaMu Ta cUCTEMOIO TOMOMDKHUX (epM 1 6anok. BukoHaHHs OyaiBeIbHUX POOIT MPOBOIUIOCS
0e3 NpUIMHEHHS eKCIuTyaTallii OyIMHKY 1 BiJICEIEHHS MEIIKaHIIIB.

Hpyra 6ynisis - kopryc Ne62, posramoanuii Ha Tepuropii HK «Excrionientp» y M. Kuesi.
3aranpHi rabapUTHI pO3MIpH MPSIMOKYTHOI B IJ1aH1 OyAiBIi ckiagaroTh 33,74x15,22m. [lana
OyniBIIsl Ma€e TP MOBEPXH Ta MiaBaj. Ha MOMEHT moyaTky peKOHCTpYKLii OyaiBiis He
eKCIUTyaTyBaJlach, CTaH OyxiBii OyB aBapiiHUM.

PexoHcTpyKi€to mepedayeHo: -  JIeMOHTaX BHYTPILIHIX CTiH; MiJICHICHHS (yHIaMEHTIB;
BJIAINTYBAaHHS BHYTPIIIHROTO METAJIEBOTO KapKacy IS PO3BaHTaKEHHS TMOCITA0NeHUX CTiH Ta
npocTiHkiB. CToBmyacTi (QpyHAAaMEHTH NIJACHIIOBAJIUCS IUISXOM BJAIUTYBaHHS 3a11300€TOHHUX
000¥M Ta YTBOpPEHHsI B MiJBaJll 3aJ11300€TOHHOT (PyHIaMEHTHOI TUIUTU. BHYTpimHIA MeTaneBuit
KapKac Ma€ paMHO-B’SI3€BY CTPYKTYPY, JO3BOJISIE TepeaTH HaBaHTA)KEHHS HA HOB1 a00 MiACHIICHI
dbyHIaMEHTH, OJTHOYACHO 3a0€3MeuyI0Ur CTIUKICTh 30BHIIIHIX CTIiH.

[1nuTy MI>KITOBEpXOBUX MEPEKPUTTh BUKOHYBANIUCA /Ui 000X Oy/AiBesb B BUTJISAAI MOHOMITHOL
3a11300€TOHHOI MIMTH 1Mo TnpodHacTwiny. HoBiI 30BHINIHI Ta BHYTPIIIHI CTIHM 1 TEpPErOpoJIKU
BUKOHYBAJIUCS 3 Ta300€TOHHUX OJIOKIB 1 CIIUPATTUCS HA TUTUTH MEPEKPUTTA Ta OaJIKH.
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Onucannii  cnoci® TPOBENEHHsS PEKOHCTPYKINT ICHYIOUMX OyIWHKIB MOXe OyTu
BUKOPUCTAaHUU sl OynuHKIB 110001 KoH(irypamii B r1urani.  YacTWHYy HaBaHTaXEHHS BiJ
HaJ0yJOBU MOXKHA TMeEpeAaBaTH HA ICHYIOYl KOHCTPYKWii OyIMHKY. MOXXIHMBICTH HpPOBEACHHS
PEKOHCTPYKIiT OyaiBens 03 3yMUHKM IX eKCIUTyaralii 3HAYHO PO3IIUPIOE MOXKIHBOCTI
PEKOHCTPYKIIiT iICHYFOUUX OYHiBEIb.

Kuo4oBi cjioBa: pekoHCTpyKIisi, OyaiBis, HaaOya0Ba, MiICUJICHHS. METaJIeBUNA KapKac.

Reconstruction of buildings using external and
internal metal frames

Volodymyr Kripak®, Alexander Drobakha®
Kiev National University of Construction and Architecture
'kripak.vd@gmail.com, https://orcid.0000-0001-6575-5015, 2drobakha.ak@qmail.com

In Kiev and other large cities exploited many brick houses of various purposes of building
dated the last century. Reconstruction of such buildings from time to time to ensure operational
suitability, or to add one or more floors. Reconstruction with the superstructure, as a rule, is carried
out with a stoppage of operation of the house.

Below we want to share the experience of reconstructing two buildings using different options
for building a metal frame, external and internal. The first building - a residential building located
in the city of Kiev on the street. Mazepa, 16. The house was built in 1917, with four floors, with
bearing longitudinal and transverse brick walls, with a basement. To the left and right is close to
the house, due to deformation seams along the Mazepa street, two neighboring buildings are
located.

The concept of the superstructure with the arrangement of an outer spatial metal frame was
realized here, which would accept all loads from the superstructure, with the location of bearing
columns outside the external walls.The bearing metal frame is formed by two rows of columns,
located near longitudinal walls, transverse main girders and additional girders and beams.
Construction work was carried out without interruption of the operation of the house and
resettlement of the inhabitants.

The second building - building number 62, located on the territory of NC "Expocenter” in the
city of Kiev. The overall dimensions of the rectangular in terms of the building are 33.7x15.2 m.
This building has three floors and a basement. Before the reconstruction, the building was not
exploited, the building was in an emergency.

Reconstruction provides: removing of internal walls; strengthening of foundations;
installation of an internal metal frame for unloading of weakened walls and columns. Isolated
foundations were strengthening by the arrangement of reinforced concrete cage and the formation
of reinforced concrete slab in the basement.The internal metal frame has a frame-viscous structure,
allows to transfer the load to new or strengthen foundations, while ensuring the stability of the
external walls.

Internal floor slabs were executed for both buildings in the form of a monolithic reinforced
concrete slab along the corrugated board. New exterior and interior walls and partitions were made
of aerated concrete blocks and relied on floor slabs and beams.
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The described method of carrying out reconstruction of existing buildings can be used for
buildings of any configuration in the plan. Part of the load from the superstructure can be
transferred to existing building parts. Possibility of reconstruction of buildings without stopping
their operation significantly expands the possibilities of reconstruction of existing buildings.

Keywords: reconstruction, building, superstructure, strengthening, steel frame.

PeKOHCprKHI/IH 3H3HHVI C HCITIOJIB30BAHUEM BHCIIHEIO U
BHYTPCHHEI0 METAJJIHUICCKOI0o KapKaca

Bnaoumup Kpunax', Anexcanop leoéaxa2

KueBckuil HalMoOHaIbHBIA YHUBEPCUTET CTPOUTEIHCTBA U APXUTEKTYPhI
1kripak.vd@qmail.com, https://orcid.0000-0001-6575-5015, 2drobakha.ak@qmail.com

B r. KueBe u apyrux OonblIMX ropojiaX SKCILIyaTUPYIOTCS MHOTO KUPIUYHBIX 3J1aHUMN
pPa3IMYHOIO Ha3HA4YEHMsI IMOCTPOMKM MPOLUIOro cTojeTHss. Bpems oT BpeMeHu mpoOBOASTCS
PEKOHCTPYKIIMM TaKUX JIOMOB Uil OOECHEYEHHs OKCIIyaTallMOHHOM INPUTOAHOCTH, WIM JUIS
HA/ICTPOMKM OJHOTO WJIM HECKOJIBKMX 3Taked. PEeKOHCTpYKIUS ¢ HaACTPOMKOM, Kak IMpaBHIIO,
BBINOJIHSAETCS ¢ OCTAHOBKOM 3KCIUTyaTalluy 3/1aHusl.

Hwmxe ocBemiaercss ombpIT MPOBEAEHUS PEKOHCTPYKLUMHU JABYX 3J@HMHM C MCIIOJIB30BaHHEM
pasHbIX BAPMAHTOB YCHUJICHMs 3JaHUH METaNIMYEeCKUM KapKacoM, HapyKHbIM M BHYTPEHHHM.
[lepBoe 31aHMe — 3TO KWJIOW JOM, pacloiokeHHbIN B . Kuese mo yin. Mazensl, 16. [lom noctpoeH
B 1917 roxy, 4-X 3TaXHbI, ¢ HECYIIMMH KUPIHUYHBIMU CT€HaMH, ¢ nojasajioMm. CieBa U crpaBa
BIIPUTBIK K JIOMYy, 4epe3 JedOopMallOHHbIE IIBBI BJOJb YIUIBI Masenbl, pacoyoKEeHbl J1Ba
COCEJTHUX JIoMa.

3nech Oblla peanu3oBaHa KOHLEMIMS HAACTPOMKM C  YCTPOHMCTBOM  Hapy>KHOTO
IIPOCTPAHCTBEHHOTO METAJUIMYECKOTO Kapkaca, KOTOPBbI BOCIHPHUHMMAJ  BCE HArpy3ku OT
HAJCTPAaUBAEMBIX JTAXEH, C PACIOIOKEHUEM HECYIIUMX KOJIOHH 3a I'DAaHHMLAMHU BHEIIHHUX CTEH.
Hecymuii Merammyeckuil Kapkac co3ZaH ABYMs psJaMU  KOJIOHH, PAacIOJIOKEHHBIX BO3JIE
IPOAOJBHBIX CTEH, OCHOBHBIMH ()epMaMH U CHCTEMOW BCIIOMOTaTeNbHBIX (epM M Oanok.
[Ipon3BOJICTBO CTPOUTENBHBIX PabOT BBHIMOJIHIOCH 0€3 OCTAaHOBKM OKCIUIyaTallud JoMa H
OTCEJICHMS )KUJIBIIOB.

Bropoe 3nanue - kopmyc Ne62, pacnonoxensusiii Ha Ttepputopuun HK «OxcnoueHntp» B T.
Kuese. O0mue rabapuTHbie pa3Mepbl TPSMOYTOJIBHOTO B IUIaHE 3AaHUs cocTaBisuim 33,74x15,22
M. 31aHue 3-X 3Ta)kHOeE ¢ nojaBainoM. Ha Havyano peKOHCTpYKIIMM 37aHHME HE DKCILUTyaTMPOBaroCh,
COCTOSIHME 3/1aHUs NPU3HAHO aBapUNHBIM.

PexkoHCTpyKILIUi TPEeyCMOTPEHO: - J€MOHTaXX BHYTPEHHUX CTEH; yCUJIEHUE (PYH/IaMEHTOB;
YCTPONCTBO BHYTPEHHETO METAJNIMUECKOro Kapkaca JUIsd pa3rpy3Ku OCJIabJIeHHBIX CTE€H U MPOCTe-
HKOB. Ctosn0uaThle (pyHAAMEHTHl YCUIMBAIMCh IYTEM YCTPOMCTBa KeIe300€TOHHBIX O000WM H
CO3/1aHHs B TOJBaJEe KeIe300€TOHHOW (yHIAaMEHTHOW IIUTH. BHYTpeHHUIl MeTannyeckuit
KapKac HMMEET PaMHO-CBSI3€BOIO CTPYKTYpPY M Ie€pelaeT Harpy3KH Ha HOBbIE WJIH YCUJICHHbIE
(GbyH1aMEeHThI, OTHOBPEMEHHO O0ecreunBas yCTOMYMBOCTh BHEIIIHUX CTEH.

[1nUTEl MEXTyITaXKHBIX MEPEKPHITHIA BBIMOIHSINCH Ui 000MX 3[aHUI B BHJIE MOHOJHUTHOM
&Kenezo0eToHHOW — TuMThl 1o mnpodHacTuiy. HoBble HapyXHble W BHYTPEHHHUE CTEHBI H
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MEPETOPOAKH BBITOJIHIINCH M3 T'a300€TOHHBIX OJIOKOB M ONMUPAINCh HA IUTUTHI MEPEKPHITUH U
Oanku.

OnucanHplii cr10co0 MPOBENCHHUS PEKOHCTPYKLUHU CYHIECTBYIOIIMX 3JaHUNA MOXKET OBITH
UCTOJB30BaH JUIA JIOMOB JI000OH (opMbel B 1utaHe. YacTe Harpy3ok OT HAACTPOHKH MOKHO
nepeaaBaTh Ha CYLIECTBYIOIIME KOHCTPYKUIMHU JlIoMa. BO3MOXXHOCTBH MpPOBEACHUS PEKOHCTPYKIIUU
30aHMil  0e3 OCTaHOBKM HMX OSKCIUIyaTallud 3HAYUTEIBHO PpACHIMPSieT BO3MOXKHOCTH HX
PEKOHCTPYKIIHH.

KiloueBble ciioBa: pEKOHCTPYKLMS, 37aHHE, HAJCTPOHKA, YCHIIGHHE. METaIMYeCKUn
Kapkac.

HajiliHicTh KOHTAKTHOI0 IIBA NMPHU MiACUJIEHHI
3rUHAJBLHUX 32J1i300eTOHHHUX €JIEMEHTIB

. 1 .o 2
Muxaiino Ilocmepnak-, Onekciiu Ilocmepnak
KuiBcbkuii HaioHAJILHUH YHIBEpCUTET OYINIBHUIITBA TA apXITEKTYpH

'm_posternak@ukr.net, https://orcid.org/0000-0003-3894-1386
2 a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788

JlonoBiJib IpUCBsiYE€HA IpOoOIeMaMy BU3HAYEHHS Ha{IHHOCTI KOHTAKTHOI'O 111BA M1ICUJIEHUX
3TUHAIBHHUX 3aJ11300€TOHHHUX CJIEMEHTIB B CTHCHYTIH 30HI HAPOIyBaHHIM OCTOHOM.
CyuacHa mpakTHKa TPOCKTYBaHHS 1 OyAIBHHMIITBA IUBUIBHUX Ta INPOMHUCIIOBHX OYIiBENb

OUTBIIIOI0 MipOIO MOB'SI3aHA 3 PEKOHCTPYKLIEIO 1 MOJIEpHi3ali€elo icHyro4doro Gonmy. PekoHcTpyKis
B OCTaHHI POKM CTaja MPOBIJHUM HAmpsiMOM B oOusiacTi OyAIBHMIITBA, L0 CHPHUSIO 30UIBIICHHIO
3011bIICHHS BUKOHAHHIO MiICUJICHHS KOHCTPYKLIH, B TOMY YHUCIIi 32113006 TOHHUX

Ha nanuit MOMEHT BITUM3HSHI HOPMATHBHI JOKYMEHTH JUI MIJCHJIEHHX 3ai300€TOHHHX
KOHCTPYKLIN B MOBHIA Mipl HE PErNIaMEHTYIOTh PO3PaXyHOK 1 MPOEKTYBAaHHS TaKMX KOHCTPYKLIH.
Tomy npu mpoekTyBaHHI mijicuiieHHs BUKOHYIOTh BuMoru JIBH Tta JICTY, gk ans 3BHYaifHUX
3aJ11300€ TOHHUX KOHCTPYKIIIH.

Agne Tpeba 3a3HaUUTH, IO 5K 1 TP HOBOMY OYJIBHUIITBI, TaK 1 IPU PEKOHCTPYKI[iT HEOOX1IHO
3a0e3nevyyBaTy NIEBHUM piBEHb HaAIMHOCTI. [ BUpImICHHS 111€i 3a7a4i HEOOXITHO 3MOJIETIOBATH
CYMICHY pOOOTYy €JIe€MEHTIB IMIJCHJIEHHS 1 KOHCTPYKLIi Ta BU3HAUUTHU IXHIO 3arajibHy MMOBIPHICTh
B1JIMOBH.

Ha crorognimHiit 1eHb B YKpaiHi iCHye JBa JTOKyMEHTH, sIKI HOPMYIOTh pO3paxyHOK OyaiBIIi
Ha HamIAHICTE: JbH B.1.2-14-2009 «3aranpHi mnOpuHOHUNHA 3a0e3MeueHHsT HAAIMHOCTI Ta
KOHCTPYKTUBHOI Oe3neku OyiBelnb, CHOpyA, OyniBenbHUX KOHCTpYKLiM Ta ocHOB» Ta ICTY-H b
B.1.2-13:2008 «OcHOBM NpOEKTYBaHHS KOHCTpyKLil. Cucremu 3a0e3nedeHHs HaAIHHOCTI Ta
O6esnexkn B OymiBHUUTBI».  L[I HopMmuM mnependayaroTh HaMiBUMOBIPHICHUI pO3paxyHOK 3
BU3HAUEHHSM 1HJEKCY HaAIMHOCTI, Ta TOPIBHSAHHSA OTPUMAHOrO pe3yibTaTy 3 JOLUIBHUM
(HOpMaTHUBHHUM) 3HAYCHHSIM.

OT>xe BUKOPUCTOBYIOUH BUIIIEC HaBeIEHI YMOBH, Oyiia 3alporiOHOBaHA METOJUKA PO3PAXyHKY
Ha HaJIHHICTb MIJCUICHUX 3THHAIBHUX €JIEMEHTIB, a caMe PO3paxyHOK Ha Ha/liiHICTh KOHTAKTHOTO
IIBA.

3anpornoHoBaHa METOMKA Ja€:
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1) MOXIHMBICTh BH3HAYUTH 3HAYEHHS MIIIHOCTI KOHTAKTHOTO IIBAa 3 BpPaxyBaHHS SKOCTI
BHPOOHMIITBA uepe3 KoedillieHTH Bapiariii.

2) onTUMIi3yBaTH WMOBIPHICHI apaMeTpH JJIsl OTPUMAaHHs EKOHOMIYHUH e(eKT;

3) AOCHiAMTH BIUIMB Ta 3B'SI30K MK XapaKTCPUCTHKAMU MIIIHOCTI Ta HMOBIPHICHUMH
napamMeTpamH.

KiouoBi cjioBa: pEKOHCTPYKIiS, MMJACWICHHS, 3ali300€TOHHI 3THHAJIBHI €JIEMEHTH,
KOHTAKTHHUH IIIOB, HATIMHICTb.

The reliability of the interface joint at strengthening
bending reinforced concrete elements

Mikhail Posternak *, Olexii Posternak 2
Kyiv National University of Construction and Architecture
! m_posternak@ukr.net, https://orcid.org/0000-0003-3894-1386
2 a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788

The report is devoted to the problems of determining the reliability of the contact stitch of
reinforced bending reinforced concrete elements in the compressed zone by building concrete.

Modern practices in the design and construction of civil and industrial buildings are more
closely connected with the reconstruction and modernization of the existing fund. Reconstruction in
recent years has become a leading area in the field of construction, which contributed to an increase
in the increase in the implementation of reinforcement of structures, including reinforced concrete

At the moment, domestic normative documents for reinforced concrete structures do not fully
regulate the calculation and design of such structures. Therefore, when designing the amplifier,
comply with the requirements of the DBN and DSTU, as for conventional reinforced concrete
structures.

But it should be noted that, as in the new construction, as well as during reconstruction, it is
necessary to provide a certain level of reliability. To solve this problem, it is necessary to simulate
the joint operation of the elements of reinforcement and design and determine their overall
probability of failure.

To date, in Ukraine there are two documents that normalize the calculation of the building for
reliability: DBN B.1.2-14-2009 "General principles of reliability and structural safety of buildings,
structures, constructions and bases" and DSTU-N B V.1.2- 13: 2008 «Fundamentals of Designing
Structures. Systems of maintenance of reliability and safety in building ». These norms provide a
semi-probability calculation and propose a probabilistic method for calculating the reliability index,
and compare the result with the appropriate (normative) value.

Thus, using the above conditions, a method for calculating the reliability of reinforced
bending elements, namely, the calculation for the reliability of the contact seam, was proposed.

The proposed method gives

1) the ability to determine the value of the strength of the contact seam, taking into account
the quality of production through the coefficients of variation.

2) optimize the probabilistic parameters for obtaining an economic effect;
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3) to investigate the effect and relationship between strength characteristics and probabilistic
parameters.

Keywords: reconstruction, reinforcement, reinforced concrete bending elements, contact
seam, reliability.

HaIle)KHOCTL KOHTAKTHOI'O IIBA PN YCUJICHUH H3rn0aeMbIX JKej1e300eTOHHBIX
3JIEMECHTOB

Muxaun Hocmepmml, Anekceiu Hocmepmm2
KueBckuil HalMoOHaIbHBIA YHUBEPCUTET CTPOUTEILCTBA U aPXUTEKTYPhI
'm_posternak@ukr.net, https://orcid.org/0000-0003-3894-1386
2a_posternak@ukr.net, https://orcid.org/0000-0002-5646-6788

JlokJsiag mOCBsIILIEH MpoOJieMaMu ONPEENIEHUs] HAJEKHOCTH KOHTAKTHOI'O IIBA YCHUJIEHHBIX
M3rudaeMbIX kKene300eTOHHBIX 3JIEMEHTOB B C)KaTON 30HE HapallliBaHUEM OETOHOM.

CoBpeMeHHas NpaKTUKa POEKTUPOBAHUS U CTPOUTENBCTBA TPAXKIAHCKUX U ITPOMBIIITIEHHBIX
3l1aHUN B OOJbILIEH CTENEHU CBsI3aHA C PEKOHCTPYKLMEH M MOJEpHU3ALMEN CYIIECTBYIOLIETO
¢donma. PexoHCTpyKIMs B TOCIEOHHE TOABI CTajla BEAyIIMM HANpaBICHWEM B O0JIACTH
CTPOUTENIbCTBA, YTO CIIOCOOCTBOBAJIO YBEIMUYEHHIO YBEIMUYEHHS] BBINOJHEHHUIO  YCHJICHHS
KOHCTPYKLIUH, B TOM YHCJIE KeJ1e300€TOHHBIX.

Ha faHHBII MOMEHT OTEUECTBEHHbIE HOPMATHUBHBIE JOKYMEHTBHl Uil YCHUJICHHBIX
KEJIe300€TOHHBIX KOHCTPYKIIMI B IOJIHOM Mepe HE PErIaMEHTUPYIOT pacdeT U MPOEKTUPOBAHUE
TakuX KOHCTpYKUuH. [1o3TOMYy mpu MpOoeKTUpOBaHMM YCHJIEHHs BBINOJHAOT TpeboBanus /IBH u
JCTY, xak a5 0OBbIYHBIX 5K€1€300€TOHHBIX KOHCTPYKIH.

Ho namo oTMeruTh 4TO, Kak M MpPU HOBOM CTPOUTENBCTBE, TaK M MPU PEKOHCTPYKIUH
HE0OXO0MMO OO0EeCIeYnBaTh OINPEACIICHHBI YPOBEHb HAACKHOCTU. [l pemieHus »Toil 3amadyu
HEOO0X0/UMO CMOJEIUPOBAaTh COBMECTHYIO paOOTy 3JEMEHTOB YCHUJIEHHMS U KOHCTPYKIHMH U
OIIPEJIEJIUTh UX OOIIYI0 BEPOATHOCTh OTKA3a.

Ha ceronnsimnmii 1eHb B YKpauHe CyIIEeCTBYET JBa JOKYMEHTA, KOTOPbIE HOPMHUPYIOT pacyeT
3nanus Ha HaaexkHocts JIBH B.1.2-14-2009 «OO6mme npuHuubl o0ecrieuyeHus HaJIeKHOCTH U
KOHCTPYKTUBHOW 0€30MacHOCTH 3aHUH, COOPYKEHUH, CTPOUTENBHBIX KOHCTPYKIIMH U OCHOBaHUI»
u JICTY-H b B.1.2- 13: 2008 "OcHOBBI IpOEKTHPOBaHUS KOHCTPYKIMHA. CrcTeMbl obecredeHus
HAJEKHOCTM M  0€30HmacCHOCTH B CTPOUTENBCTBE». OTU  HOPMBI  IPEIyCMAaTPUBAIOT
MOJIYBEPOSITHOCTHBIM pacueT ¢ OIpeAeleHHeM U CpaBHEHHs TIOJIYYEeHHOIo pe3yjbTara ¢
1es1ec000pa3HbIM (HOPMaTHBHBIM) 3HAYEHUEM.

Wtak, ucnosnb3ys BBILICTIPUBEIECHHBIE YCIOBHs, ObUla NpEaoXKeHa METOAMKa pacdera Ha
HAJEKHOCTh YCHJICHHBIX M3TM0AeMbIX 3JIEMEHTOB, & MMEHHO pacyeT Ha HaJeKHOCTh KOHTAKTHOIO
1IBa.

[IpennoxxeHHas METOAMKA 1A€T

1) ompenenuTe 3HAYEHHE NMPOYHOCTHM KOHTAKTHOIO IIIBA C y4yeTa KadyecTBa IPOM3BOJCTBA
yepes Ko GUIIMEHTHI BapHaIiH.

2) ONTUMHU3UPOBATH BEPOSTHOCTHBIE MTapaMeTPhl JUIsl MOIYYeHUs SKOHOMUYECKUH 3 DeKT;

3) uccnenoBaTh BIMSHHUE U CBA3b MEXKAY XapaKTEPUCTUKAMH IIPOYHOCTH U BEPOSTHOCTHBIMH
napaMeTpamH.
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KuaroueBble ciioBa: pPEeKOHCTPYKIUS, YCUJICHHE, >KEIe300€TOHHbIE THOOYHBIE 3JIEMEHTHI,
KOHTAKTHBIN 110B, HAIEKHOCTb.

BB :KOpPCTKOCTI KOJIOH i pUreJiB Ha CTIKICTh 0araTonporoHOBUX pam

O 2
Cepeain binuk, JIv6omup /[>canos
KuiBchkuii HalioHaTBHUM YHIBEPCUTET OyIIBHUIITBA TA apXITEKTYpH,
?angeldl@ukr.net

PosrnsinyTo CTiliKiCTh 0araTONpOroOHOBHX CTAJIEBUX paM IPH Pi3HiM KOPCTKOCTI KOJIOH i
pureniB. Ha oCHOBI 3arajibHOTO PIllIEHHS BTPATH CTIHKOCTI CTEPIKHS MOCTIHHOTO Tepepi3y, SKUM
Ma€e IIapHipHE OOMUpaHHS OJHOTO KIiHIA 1 TIPY)KHE 3alleMJICHHS 3 BUIBHUM IEpPEMIIIECHHM
HIIIOTO KIHIISI BCTAaHOBJICHO 3AJIEKHOCTI KOE(IIIEHTIB PO3PAXyHKOBOI TOBXHHHU BiJ MPYKHOCTI
or11I0D.

PosrnsinyTo 2 migxoau A BU3HaYeHHS €eKTUBHOI TOBKUHU KOJIOH PaM.

3a mepumuM miXo/I0M BUKOHAHO PO3PaXyHOK paMH 3a JOIIOMOTOIO MporpamMu ACHCTEHT, 110
Ma€ MOJIMBICTh PO3pPaxOBYBaTH CTIHKICTh CTEPKHEBUX CHCTEM, SKI MOXYTh OyTH 3amaHi
CTCPXKHSIMHU 13 MOCTIHHOK JKOPCTKOCTIO Ta MPSIMOJIIHIHHOI (opMoro. Po3paxyHOK MPOBOIUTHCS 3
TOMYIICHHSM, IO JI0 TOYaTKy BTPATH CTIMKOCTI B CTEP)KHSX BHHHUKAIOTH JIMIIE TO3/IOBXKHI CHIIH,
AK1 3aJIeKaTh BiJ MapamMeTpa HaBaHTAXEHHS, KPUTUYHA BEITMYMHA SKOTO HEBiZOMa 1 BU3HAYAETHCS
PO3PAXyHKOM.
PosrnsHyra pama mMae 3 mporoHu JOBXUHOKO 7,5 M, a BUcoTa KojloH — 3 M. [lpuiinsaro
JIEK1JIbKa BapiaHTIB JKOPCTKICHUX XapaKTEPUCTUK PaMHU.

3a  JOpyruM MIOXOJOM BH3HAU€HO KOE(DILIEHT pPO3paXyHKOBOI JOBXHH Ha TMIJCTaBl
CTaTUYHOTO PO3PAXYHKY 3 BU3HAYCHHSIM MPYKHOTO 3alIEMJICHHS KOJIOH B PaMi.

BuxoHaHo MOpPIBHSAHHS Pe3yJIbTaTiB JABOX METOIB Ha MPUKIAAlL paM 13 Pi3HOIO KOPCTKICTIO,
pe3yJIbTaTH pO3paxyHKy MoKa3aiu A00pe chiBnaAiHHs B Mexkax 1 %

Metoanka Moxe OyTH peKOMEHJI0BaHa [yl aHaji3y 0araToNpOroHEeBHUX 1 BEIMKOIPOTOHEBUX
pam 3 ypaxyBaHHSM KOPCTKOCTI BY3IiB.

KurouoBi ciioBa: kpuTHyHa cuiia, KOe(ilieHT pO3paxyHKOBOI JOBXKMHH, 0araTonporoHOBI
pamH, BEJIMKOIPOTrOHOBI paMH, e(peKTUBHA JOBKUHA KOJIOH.

Effect of stiffness of columns and crossbars on the stability of multi-run frame

Serhii Bilyk®, Liubomyr Dzhanov?
Kyiv National University of Construction and Architecture
“angeldl@ukr.net

The durability of multi-stage steel frames with different stiffness of columns and crossbars is
considered. On the basis of the general solution to the loss of stability of the rod of a constant
section, which has a hinged stopping of one end and an elastic jamming with free movement of the
other end, the dependence of the coefficients of the calculated length on the elasticity of the
supports is established.

Two approaches are considered for determining the effective length of columns of frames.
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The first approach is to calculate the frame using the Assistant program, which has the ability
to calculate the stability of rod systems, which can be given by rods with constant stiffness and
straight form. The calculation is made with the assumption that before the loss of stability in the
rods there are only longitudinal forces that depend on the load parameter, the critical value of which
is unknown and is determined by calculation.

The considered frame has 3 runs of 7.5 m in length, and the height of the columns is 3 m.
Several variants of the rigid characteristics of the frame have been adopted.

According to the second approach, the coefficient of calculated lengths is determined on the
basis of a static calculation with the determination of the elastic stiffening of the columns in the
frame.

A comparison of the results of the two methods on an example of frames with different
rigidity, the results of the calculation showed good coincidence within 1%

The methodology can be recommended for analysis of multi-speed and long-range frames,
taking into account the suitability of nodes.

Keywords: critical force, coefficient of estimated length, multi-run frame, large-speed frame,
effective column length.

BiinsiHue KeCTKOCTH KOJIOHH M PUreJied HA YCTOUYMBOCTD
MHOTONPOJIETHBIX pam

. 1 2
Cepzent bunwvix, JIrvooomup /[ricanos

KueBcknii HAIMOHAJIBHBIN YHUBEPCUTET CTPOUTENIBCTBA U APXUTEKTYPHI,
2angeldl@ukr.net

PaccMoTpeHBbl  yCTOMYHMBOCTh MHOTONPOJIETHBIX CTAJIBHBIX paM MpPU Pa3sHOM KECTKOCTH
KOJIOHH W pureseii. Ha ocHoBe 00Imiero pemeHus moTepu YCTOMYMBOCTU CTEPIKHS MOCTOSTHHOTO
CEUeHHUs, UMEET IIapHUPHOE ONMUPAHHE OJHOTO0 KOHIA M YNPYroe 3alleMJIEHHE CO CBOOOJHBIM
MepeMENICHUEM JIPYTroTO KOHIA YCTAaHOBJICHBI 3aBUCUMOCTH KOA(D(DHUITMEHTOB PaCYeTHON JJIUHBI OT
YIOPYTOCTH OIOP.

Paccmotpens 2 moaxoaa s onpenenenus 3¢ GHeKTUBHON ATUHBI KOJIOHH U pUTeNeH.

[lo mepBoMy noOAXOAY BBINOJHEH pacuyeT pambl C MOMOIIBIO TMPOTPaMMbl ACCHUCTEHT,
MMEIOIIUI BO3MOKHOCTh PACCUUTHIBATh YCTOMYHUBOCTh CTEP’KHEBBIX CHCTEM, KOTOPBIE MOTYT OBITh
3aJlaHbl CTEPKHAMHU C MMOCTOSIHHOM YKECTKOCTBIO U MpsIMONUHEHON (hopmoii. Pacder mpousBoauTcs
C JOMMYUWICHUEM, YTO K Ha4aJly IOTCpH YCTOI)’ILIHBOCTI/I B CTCPIKHAX BO3HHUKAIOT TOJIBKO ITPOAOJbHBIC
CHJIBI, KOTOPBIC 3aBHUCAT OT MapaMECTpa HArpy3KHd, KPpUTHYCCKas BECJIMYMHA KOTOPOI0 HEU3BCCTHA U
OTIpe/IETISIeTCS] paCYETOM.

PaccmoTpennas pama mMeeTr 3 mporoHa JUIMHON 7,5 M, a BbIcOTa KOJOHH - 3 M. [Ipunaro
HECKOJIBKO BAPHAHTOB KCCTKOCTHBIX XapaKTCPUCTUK PaAMBI.

[To BTOpOMYy mOIXOIOM ompesaeneH Kod(PPHUIMEHT pacyeTHON [IMHBI HAa OCHOBAaHUU
CTaTUYECKOTO pacuera ¢ ONpeIeJICHUEM YIPYToro 3alleMIICHHUs KOJIOHH B pame.

BrinonHeHo cpaBHEHHE pe3yJbTaTOB ABYX METOJIOB Ha MPUMEPE paM € pPa3HOM JKECTKOCTHIO,
pe3yabTaThl pacyeTa Moka3ajiu XOpolloe coBnajeHue B npeaenax 1%

MeTOJII/IKa MOKET OBITh PEKOMEHAOBAHA IJIA aHaJIM3a MHOT'OIIPOJICTHBIX 1 60J'IBHI€HpOJ'IeTHBIX
pam Cc y4eTOM KECTKOCTH Y3JIOB.
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KnioueBsble ciioBa: kputHyeckas cuia, K0O3()(UIMEHT pacyeTHOH JUIMHBI, MHOTOIPOJICTHBIC
pambl, OOJIBIIENIPOJIETHBIE pambl, () (HEKTUBHAS IITHMHA KOJIOHH.

KoedinieHTn po3paxyHKOBHX JOBKHH MeTaJIeBUX CTEPHKHIB
JJIs BUCOTHHMX OyniBesb

€ezen Ilrwonun
KuiBcbkuii HalioHAJILHUM YHIBEpCUTET OYIIBHUIITBA 1 apXITEKTYpH
standartbc@gmail.com

JlomoBiAb MPHUCBSIYEHA JOCIIIKEHHIO 3arajbHOTO PIMICHHS PIBHAHHS CTIMKOCTI CTEPXKHS
YKOPCTKO 3aKPIIIEHOTO Ha HUKHBOMY KiHIII Ta MPY>KHO 3aKPIIUVIEHOTO Ha BEPXHHOMY KiHITI.

PosrnsgnyTo 3aranbHe pillleHHS BTPAaTU CTIMHOCTI CTEpPXkHS JKOPCTKO 3aKpIIJICHOTO B
OJHOMY KiHIII Ta Ha MPY)KHHUX OMOpax 3 IiHIIOro. Y BUTOKIB Teopii criiikocti ctosiB JI. Efnep,
orpuMaB (HOpPMYITy s BU3HAUEHHS KPUTHUYHOI CHUIM JKOPCTKO 3aKpIIUIEHOTo cTepkHs. s psagy
BUMA/IKIB CTEP)KHIB TOCTIHHOTO 1 3MIHHOTO Tepepidy 3 JKOPCTKUMH 1 HPYKHUMH  OIOpaMHu
orpumMaHi kputepii. Po3poOieHi y3araabHeHI METOJIMKM BU3HAYCHHS KOSQIIIEHTIB pPO3PaxyHKOBI
JOBXKMHU TPU PI3HUX TPAaHUYHHX YMOBax 3 ypaxyBaHHAM PO3BUTKY OOMEKEHUX IIACTUYHHX
nedopmariiii i TOYaTKOBHX HEJOCKOHAIOCTEH.

HaBezneno 3aranbHe piBHSHHS CTIMKOCTI CTEPKHA 3 y3arajlbHEHUMHU TPAaHUYHUMHU yMOBaMU
IpHU 3MIHHIM 3MiHHIN *KopcTkocTi. [ToBeneHi 4nciaoBl qOCTiIKEeHHS KOE(IIEHTIB pO3pPaxyHKOBOL
TOBKHHH.

[TopiBHsIBbHI pe3yapTaTH BUKOHaHI 3a po3paxyHkoMm [IK «ACUCTEHT», IIK «JIIPA-

CAIIP», JIBH B.2.6-198-2014.

KawuoBi cioBa: kpuTuyHa cuia, KOE(IIIEHT pPO3paxyHKOBOi JIOBKHMHH, PIBHSAHHS
CTIMKOCTI, METO/] IOYAaTKOBHX MapaMeTpiB, CTEPKEHb, )KOPCTCKE 3aKPIMJICHHS, IPYXKH1 OIOPH.

The coefficients of the estimated lengths of metal rods for tall buildings

Evgen Tsyupyn
Kyiv National University of Construction and Architecture
standartbc@gmail.com

The report is devoted to the study of a general solution of the stability equation of the rod
rigidly fixed at the lower end and elastically secured to the upper end.

The general decision of loss of stability of a rod rigidly fixed at one end and on elastic
supports on the other is considered. The origins of the theory of stability were L. Euler, received a
formula for determining the critical force of a rigidly fixed rod. For a number of cases, the rods of
the permanent and variable cross section with rigid and elastic supports are the criteria. The
generalized methods for determining the stability of rods by experimental data at different boundary
conditions are developed. Stability of rods, taking into account the development of limited plastic
deformations and initial imperfections.
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The general equation of stability of a rod with generalized boundary conditions with variable
of rigidity variable is given. Coefficients of estimated length of rods were studied.

Comparative results are performed on the basis of PC "ASISTENT", PC "LIRA-CAD" and
DBN V.2.6-198-2014.

Keywords: critical force, coefficient of estimated length, stability equation, method of initial
parameters, rod, rigid fixing, elastic support.

Ko puuueHThI pacuyeTHBIX AJIMH METAJINYECKHUX CTePKHel 11
BBICOTHBIX 3IaHUM

€ezenui ILronun
KueBcknil HAIMOHAIIBHBIN YHUBEPCUTET CTPOUTENILCTBA U APXUTEKTYPBI
standartbc@gmail.com

JIokax HOCBALIEH HCCIIEAOBAHUIO OOILEro pelIeHHs YpaBHEHMs YCTOMUMBOCTU CTEP)KHS
’KECTKO 3aKPEIJICHHOT0 Ha HUYKHEM KOHIIE U YIPYTO 3aKpEIUIEHHOIO Ha BEPXHEM KOHIIE.

PaccmoTpenbl oflee pelieHue MOTepH CTOMKOCTU CTEP)KHS JKECTKO 3aKpEIIEHHOIo Ha
OJIHOM KOHLIE M Ha YIPYIHX ONOpax ¢ Apyroil. ¥ UCTOKOB TEOPUHU YCTOMYMBOCTH crosul JI. Ditnep
MONy4YrsT (QOPMYITY JUIsSl ONPENENICHUS] KPUTHUECKOW CHIIBI )KECTKO 3aKpEIUIEHHOTO cTepkHs. s
psida cilydaeB CTEpPKHEW MOCTOSIHHOI'O U MEPEMEHHOTO CEYEHUS C KECTKUMHU U YIPYTHUMHU OIOpaMu
MOJTydeHHbIe KpuTepuu. Pa3paboTanHble 000OIIEHHBIE METOIWKU OIpPEICNICHHUS YCTOHYMBOCTH
CTEPKHEH 10 IKCIIEPUMEHTAIbHBIM JaHHBIM IIPHU Pa3INYHbIX IPAHUYHBIX YCIOBUAX. Y CTONYMBOCTH
CTep)KHEH C Yy4eToM pa3BUTHS OrPaHMYCHHBIX IUIACTHYECKUX JedopMaluil U HayalbHBIX
HECOBEPUICHCTB.

[TpuBenensl obuiee ypaBHEHHE YCTOHYMBOCTU CTEpPKHA C OOOOIIEHHBIMH TPaHUYHBIMHU
YCIIOBUSIMU TIpU TepeMeHHOM  kecTkocTu. IlokasaHi pe3ynbTaTi YHUCIEHHBIX HCCIEI0BAaHUI
KO3 (D PUIIMEHTOB pacueTHOM JJIUHBI KOJIOH.

CpaBHuTenbHbIe pe3ynbTaThl BhIMOIHEHB 10 pacuety [IK «ACCUCTEHT», TIK «JIMPA-
CAITP» u J1IbH B.2.6-198-2014.

KiroueBble cioBa: KpuTudeckas cuia, KOd(pQHUIMEHT pPacueTHOW [UIMHBI, ypaBHEHHE
YCTOMYMBOCTH, METOJl HAyaJbHBIX NApaMETPOB, CTEPKEHb, >KOPCTCKE 3aKPEIJICHUS, YIPYyrue
OIIOPBIL.

JociizKkeHHSI TEPMOMEXAHIYHOT0 CTAHY FePMETH3YI040r0 CTAJIeBOr0
00JIMI[IOBAHHS 3aXHCHUX 000J10HOK eHeprodaokiB AEC 3 peakropuumu
ycranoBkamu BBEP-1000/B-320 B aBapiiiHux ymoBax

Onexcandp Tononsx', Bonooumup Kpuyskuii’, Braoucnae Ononpienko’,
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ATOMHA €HepreTHKa € MPOBIIHOI0, CTPATETIUHOK Tany33t0 Ykpainu — Ha AEC reHepyeThbcs
noHax 50% enexTpoeHeprii KpaiHu, 1 bOMY 00CITY MpUTaMaHHa cTaja TEHJEHIliS IO 3POCTaHHS.
Ha panuit wac B VYkpaini ¢ynkuionye 15 enepro6mnokiB AEC (3 Hux 13 eHepro6iokiB — 3
peaktopamu tuimy BBEP-1000 motyxnictio 1000 MBT, a 2 eHepro0ioku — 3 peakTropamMu THUITY
BBEP-440 notyxHnictio 440 MBT).

Cucrema TexHIUYHOI Oe3mekn peakTopHuX ycTaHOBOK (PY) eHeproOiokiB crpoekToBaHA i
BJIAIUTOBAHA 3 JOTPUMAHHAM MIPUHLUITY TIIMOOKO €IIEJOHOBAHOTO 3aXUCTY , BIANOBIAHO /10 SIKOTO Y
Bunanky asapii PY 3axucna oGomonka (30) peakropnoro BimmiienHs (PB) mae 3amobirtu
PO3MOBCIO/PKEHHIO PATi0OaKTUBHUX PEUOBUH 3a Mexi PB 1 BiAMOBITHWI HEraTWMBHWI BIUIMB Ha
HaceJIeHHA 1 oTouyroue npupoaHe cepenosuine. PB enepro6iokis AEC Ykpainu 3 PY BBEP-1000
pO3TaIIoOBaHi i MonepeIHbO HApyKeHUMH 3aiti300eTonHuME 30, 10 BHYTPILTHIA MOBEPXHI SIKHX
BJIAIITOBaHE repMeTu3yroue craiese oonuuoBanHs (I'CO) ToBIMHOO 8§ MM.

binburicts gitounx eneproo6mokis AEC Ykpainu Oynu BBeleHi B ekciutyaTarito B 80-x pokax
XX-ro cropiuus. [IpoekTyBaHHa X eHeproOJokiB (30kpema, koHcTpykuii 30) BigOyBaioch
3nebinbmoro B mepiog 1970-1980 pp., 3a3Buuail 3 3acTOCYBaHHSM CIPOLICHUX 1HXXEHEPHHUX
PO3paXyHKOBHX METOJHK BIAMOBIHO O BUMOT 3araJbHONPOMHUCIOBUX HOPMATHBHUX JOKYMEHTIB
Oy/IiBETBHOTO 1 TEXHOJIOTIYHOTO MPOGLTI0. AJle SIK B TIOKAa3aJId PE3yJIbTaTH NOJABIINX YTOUHECHUX
MeXaHIKO-MilHICHUX po3paxyHKiB (B 1990-2000 pp.) B aBapiiiHHX yMOBax BHACIIZOK CYTTEBOTO
MiABUILEHHS THCKY IMMapanoBiTPSHOTO CEpeAOBHUINA B MiJ000JIOHKOBOMY IPOCTOpI B 3alli300€TOHI
30 BHacmiIok aedopManiil po3TAry PO3MOUYMHAETHCA IHTEHCHBHE TPILIMHOYTBOPEHHS aX J10
YTBOPEHHS HACKPI3HUX TPILUIMH. 3a TakMX YMOB (DYHKIIiS JloKasizauii paAiOaKTUBHUX MPOJYKTIB
aBapii Moxe OyTH peali3oBaHa BUKJIIOYHO CTaJIEBUM FepMOOOIUIIOBAHHSIM.

[Topymenns cyuinbHocTi 'CO MoXIHMBe y BUTIIAI pO3PUBIB OCHOBHOT'O MeTally ab0o 3BapHHUX
mBiB. O3HaKOI JOTpUMaHHSA BUMOr 10 cyuuibHOCTI ['CO KOHCepBaTMBHO MOXe OyTH KpuTepii
30epexeHHs1 npykHoro crany merany ['CO (He mepeBHINIEHHS IHTEHCHUBHICTIO HaIpy>K€Hb MEXi
IUTMHHOCTI), a caMe — 10TpuMaHHsa ymMoBHU ['yoepa — Mizeca — ['eHku.

ITin yac excrutyatamii eHeproomoxky AEC 3’eanani 3BaproBaHHsAM craneBi maneni ['CO
NPAaKTUYHO 3HAXOAATHCS B JIBOBUMIPHO CTHCHYTOMY CTaHi BHACHiJIOK BIUIUBY Baru
BUIIIEPO3TAIOBAHMX YAaCTUH (KOHCTPYKIIiH) 00’ €KTY, a TaKO)X OOTHCHEHHS CHOPYAH apMaTypHUMHU
KaHaTaMU cucTeMU nepenHanpyxkeHss 30.

B aBapiifHux yMoBax, IpU 3pOCTaHHI TEMIEpaTypH MapanoBiTPSHOTO CEpeloBHILA B

1000JI0HKOBOMY MPOCTOP1 — 3riIHO Tertodi3nuHuM po3paxyHkaM — a0 150°C, B matepiani I'CO
JI0aTKOBO BUHHMKAIOTH TEMIIEpAaTypHI HampyXeHHs. Sk HacligoK, y 3B’SI3Ky i3 3pOCTaHHSIM
IHTEHCUBHOCTI HanpykeHb B Marepiani ['CO BUHUKaIOTh EPeyMOBHU JJIsl MOPYILIEHb CYIUIBHOCTI
I'CO 1 noganpoi HeMOXXIUBOCTI 7151 criopyau 30 3M1MCHIOBATH JIOKaTi3yl0uy (yHKIIIIO.
3 METOI0 OIIIHUTH MOKJIMBICTh BHHUKHEHHS 1 3MOJICIIOBATH €BOJIIOIIIO PO3MOBCIOKEHHS 30H
wiactuuHoi nedopmyBanHs ['CO 3a momomororo merony ckiHueHux enemeHtiB (MCE) Oy
BUKOHAHUN pPO3paxyHOK HampyxkeHo-aedopmoBanoro crany (H/JC) I'CO npu BmiuBi BHCOKOI
TeMIlepaTypy B aBapiiHUX yMOBaxX. Pe3yibTaTu po3paxyHKy 3aCBiTUMIIN HACTYITHE:

— po3BuTok nedopmaniii mauHHOCTI B 'CO:
po3mounHaeThes — B poMikok yacy t = 10-50 ¢ (T = 118-139°C), o610, mMpakTU4HO OJ(pa3y MiCs
peamizanii BuxinHoi noxii aBapii — B 30Hax 30, MPUJIETINX OO TEXHOJIOTIYHUX OTBOPIB (TOOTO, B
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MICIISIX PO3TAIlyBaHHS TPAHCHOPTHHUX 1 €BaKyaIIHUX JIOKIB, OCHOBHUX TEXHOJIOTTYHHX TPOXOJIOK
TOIIO) ;
B nojaibmomy — B mpomikok vacy t = 50-100 ¢ (T = 139-147°C) — BuHUKae i porpecye B 30Hi,
MPUJIETIIIA 70 TPHOMOPHOTO MOTOBIIEHHS, sKe 3abe3mnedye >kopcTke 3’eqHaHHs muiiHapy 30 3
OIIOPHOIO TUIUTOIO Ha mo3Hauti 13.200 Mm;
Jaim — aX JIO MOMEHTY 3aBeplleHHs po3paxyHkoBoro rmepiomxy yacy t=600c (T =150°C)—
PO3MOBCIOKYEThCsl 1O Beili moBepxHi ['CO 3a BHKIIIOYEHHSIM JIOKaJIbHOI KOJIOMOMIOHOI 30HH,
MPUJIETIION 10 BEPIIMHU KYIIOJIa.

Takum 9MHOM, Pe3yNIbTaTH PO3PAXYHKIB CBIIYATh MPO MOTCHIIWHY MOMJIMBICTh TOPYIICHHS
CYLJIBHOCTI cTanieBoro repmootiumoBants 30 B yMOoBax TEXHOJIOT1uHOI aBapii B PB.
OCKUIBbKH MOKIIMBOCTI 3aCTOCOBAHOTO IPOTPAMHOTO 3aC00y HE J03BOJISUTM 3MOJIETIOBATH IMPOLIEC
YTBOpEHHS 1 pO3BUTKY momkomkerb ['CO (30kpeMa, BU3HAYUTH KOHKPETHI pO3MIpU 1
koH(irypamito nomkomkeHs ['CO), To 3a3naveni pocmimkenHs HJIC I'CO, 3 ormsamy Ha ix
aKTYyaJbHICTh JUId aHaii3y Oe3neku ekcruryatanii AEC, 6e3nepeuHo maroTh OyTu BUKOHaHI. OKpiM
TOTO, Y BHMAJKY BIJCYTHOCTI PE3yJIbTaTiB JOCIIIKEHb, SKi JIOCTOBIPHO IOBOISATH 30€pEKECHHS
cyuinmpHocTi ['CO B aBapiliHMX yMoOBaX, ekciutyarytoda oprasizamiss AEC mae pospoOutu i
peanizyBaTd TEXHIYHI 3aXOJW, SKI BUKIOYaTh MOXIJIMBICTH Takoi BiAMOBH (pyiHYBaHHS,
MOIIKODKEHHS, mopymeHHs cyniisHocTi) ['CO.

KirouoBi  ciaoBa: 3axucHa  O0OJIOHKA, TEepPMETU3YIOU€  CTajeBe  OOJMI[IOBaHHS,
TEpPMMEXaHIYHHIA CTaH, PO3PaXyHKOBE MOJICITIOBaHHS, HAPYKEHO-1e(h)OPMOBAHUN CTaH

Investigation of the Thermomechanical State of the Hermeting Steel Liner
of the Containment of the NPP Units with Reactor Installations
VVER-1000/V-320 in Accident Conditions

Alexander Gondlyakh®, Volodymyr Krytskyi®, Vladyslav Onoprienko?,
Andrey Chemeris*
National Technical University of Ukraine «Kyiv Polytechnical Institute», Kyiv, Ukraine,
avg_hotm@hotmail.com
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Nuclear power is the leading, strategic branch of Ukraine — more than 50% of the country's
electricity is generated at NPPs and this volume is characterized by a stable tendency to increasing.
At the moment in Ukraine there are 15 NPP units (13 ones of them — with reactors of WWER-1000
type (capacity 1000 MWt) and 2 ones with reactors of WWER-440 type (capacity 440 MWt).

The system of technical safety of reactor installations (RI) of NPP units was designed and
implemented in accordance with the principle of defence in depth [1], according to which in the
event of accident of RI, the containment of the reactor hall (RH) should prevent the spread of
radioactive substances beyond the boundaries of the RH as well as corresponding negative
influence on the population and environment. All RH of Ukrainian NPPs units with Rl WWER-
1000 are placed under prestressed reinforced concrete containments, on the inner surface of which
the hermeting steel liner (HSL) with the thickness of 8 mm is arranged.
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Most of the existing Ukrainian NPP units were commissioned in the 1980s of the 20th
century. The designing of the NPP units (in particular, the containment structures) was carried out
mainly during the period 1970-1980, usually with the use of simplified engineering techniques in
accordance with the requirements of general industrial normative documents of building and
technological profile. However, according to results of further refined mechanical-strength
calculations (in 1990-2000) in accident conditions due to a significant increase of the pressure of
the vapor-air medium in inner space of containment due to tensile deformations begin intensive
cracking up to the appearance of through cracks. Under these conditions, the function of
localization of radioactive products of the accident can be realized solely by the steel hermetic liner.

Violation of the integrity of SHL is possible in the form of breaks of main metal or of the
welded seams. An indication of the fulfillment of the requirements for the integrity of the SHL
conservatively may be the criterion for maintaining the elastic state of the SHL metal (the non-
exceeding for stress intensity of the plasticity limit), namely, the observance of the Huber-Mises-
Genki condition.

Under operation of NPP unit the steel SHL panels joined by weld are practically in a two-
dimensional compressed state due to influence of the weight of above-located parts (structures) of
the object, and also the compression of the containment by the tendons of prestressing system.

Under accident conditions, when the temperature of the vapor-air medium in the inner
containment space increases - according to the results of thermophysical calculations - up to 150°C,
temperature stresses additionally appear in the SHL material. As a consequence, in connection with
the increase in stress intensity in the SHL material, prerequisites arise for the violation of the
integrity of the SHL and for the further inability for containment structure to perform a localizing
function.

In order to assess the possibility of the emergence and to simulate the evolution of the
propagation of zones of plastic deformation of SHL using the finite element method (FEM), the
stress-strain state (SSS) of SHL was calculated under the influence of high temperature in accident
conditions. The results of the calculation showed the following:

— development of plastic deformations in SHL

starts - in a period of time t=10-50s (T =118-139°C), i.c., almost immediately after the
realizing of the initial event of the accident — in the zones of containment, close to the technological
holes (i.e. at the locations of transport and evacuation hatches, main technological penetrations,
etc.);

in the future - in a period of time t = 50-100 ¢ (T = 139-147°C) — arises and progresses in the
zone adjacent to the support thickening, which provides a rigid connection of the cylinder part of
containment with the support plate at level 13.200 m;

subsequently - until the end of the calculation period of time t =600 s (T = 150°C) — spreads
over the entire surface of the SHL except for the local circular zone adjacent to the top of the dome.

Thus, the results of calculations indicate a potential possibility of disrupting the integrity of
the steel hermeting liner of containment under the conditions of a technological accident in the RH.

Since the capabilities of the applied software did not allow to simulate the process of forming
and development of SHL damages (in particular, to determine the specific size and configuration of
SHL damage), then these researches of SHL SSS, taking into account their topical for safety
analysis of NPP operation, must certainly be performed. Besides that, in event of the absence of
research results that reliably confirm the integrity of SHL in accident conditions, the exploitation
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organization of NPP have to develop and implement technical measures that will exclude the
possibility of such failure (destroying, damage, integrity violation) SHL.

Keywords: containment, steel hermeting liner, thermo-mechanical state, calculative
modeling, stress-strain state.
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CTAJIbHOM 00JIMIIOBKH 3aAIIUTHBIX 000/1049€eK 3HeprodokoB AIC ¢
peakTopHbIMHU YcTaHOBKamu BBIP-1000/B-320 B aBapuiiHbIX yCJI0BHAX
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ATOMHas1 SHEpPreTHKa sIBJISIETCS BEAYIEW, CTpaTernuecko orpaciibio YKpanHbl — Ha ADC

reHepupyercst cBbilie 50% 5SIEKTPOIHEPruu CTPaHbl U 3TOMY OOBEMY MpHCYIIa CTaOWIbHAs
TEHJCHIIMIO K Bo3pacTaHuio. B Hacrosiiee Bpemst B YkpauHe QyHKUMOHHPYIOT 15 sHeproOaokoB
ADC (u3 Hux 13 sHeprobnokoB — ¢ peaktopamu Tuna BBDOP-1000 momrHocteio 1000 MBT, a
2 sHeprobioka — ¢ peakropamu Tuna BBOP-440 momuocteio 440 MBT).
Cucrema  TeXHHYECKOW  O€30MAaCHOCTH  peakTOpHbIX  ycTtaHOBOK  (PY)  aHeprobmokos
CIPOEKTUPOBAHA U PEATU30BaHa C COOJIIO/IEHNEM IPHUHIIMIIA [NIyOOKO 31IETOHUPOBAHHOMN 3aIUThI
[1], cornmacHo koTopoMmy B ciy4ae aBapuu PY 3amuTtHas oOosouka (30) peakTOpHOTO OTIENEHUS
(PO) nmomxHa TpeAOTBPATUTh PACHPOCTPAHEHUE PATUOAKTUBHBIX BemIeCTB 3a rpaHuilsl PO u
COOTBETCTBYIOIIIEE HETaTUBHOE BO3ACHCTBHE HA HACEICHHE U OKPYXAIOUIYIO NPUPOAHYIO CpEny.
PO »sueprobiokoB ADC Vkpaunsl ¢ PY BBDOP-1000 pa3memieHsl 1moJl HpeaBapUTENbHO
HanpsOKEHHbIMU  Kee300eTOHHbIMU 30, 10 BHYTPEHHEW IOBEPXHOCTH KOTOPBIX YCTPOEHA
repMeTusupyromas cranbHas obnaumnoska (I'CO) TonmuHoMi § MM.

BonbimmHcTBO AelicTByronMX 3HeprodaokoB ADC YkpauHbl ObUIH BBEIEHBI B SKCILUTYaTaIHIO
B 80-x romax XX-ro cronerus. [I[poekTrpoBanue K sHEProOIOKOB (B 4aCTHOCTH, KOHCTPYKIui 30)
OCYIIECTBISUIOCH TMpenMymiecTBeHHO B mepuon 1970-1980 pp., xak mpaBwiio ¢ IpUMEHEHHEM
VIPOIIEHHBIX WH)XEHEPHBIX METOJAMK B COOTBETCTBUU C TPEeOOBaHHMSIMH OOLIECIPOMBINIICHHBIX
HOPMATHUBHBIX JOKYMEHTOB CTPOUTEIBHOTO M TeXHOJornueckoro npoduist. OgHako, Kak mokazanu
pesynbratel panpHedmux (B 1990-2000 rr.) yTOYHEHHBIX MEXaHUKO-TIPOYHOCTHBIX pPAcCUYeTOB B
aBapUMHBIX YCIOBHUSX BCIJIEACTBHE CYIIECTBEHHOT'O MOBBIIIEHUS JaBJIECHUS N1apOBO3IYIIHON CpeIbl
B M0JI000JI0YEUHOM MPOCTpAaHCTBE B kenezoberoHe 30 BeiencTBHE AedopMaluil pacTsHKEHUS
HAYMHAETCS MHTEHCUBHOE TPEIIMHOOOPAa30BaHKUE BIUIOTH /10 BOSHUKHOBEHHUS CKBO3HBIX TpeniuH. B
ATUX YCIOBUSX (YHKIMS JIOKAJTU3alUU PAJUOAKTUBHBIX MPOAYKTOB aBapuU MOXET ObITh
pealin30BaHa UCKIIOYUTENBHO CTaTbHON TeépMOOOINIIOBKOM.

Hapymenne nenoctHoctu I'CO BO3MOXKHO B BHUAE Pa3pblBOB OCHOBHOIO METala WIIU
CBapHBIX 1BOB. [Ipu3Hakom BeImoaHeHUs TpeboBaHuil K nenoctHoctd I'CO KOHCepBAaTUBHO MOKET
OyTM KpuUTepHid coXpaHeHHUs ympyroro cocTtosHus Metaiuia ['CO  (He mpeBbIIEHUE
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MHTEHCUBHOCTBIO HANpsOKEHWM Mpejena IUIaCTUYHOCTH), a HMMEHHO — COOJIOJICHHE YCIIOBHUS
I'ybepa — Muzeca — I'enku.

IMpu oskcruryaranuu sHeprodioka ADC coeauHeHHBbIE CBapkod cranmbHble nanenn ['CO
NPAKTUYECKH HAXOJATCA B JIBYMEPHO CXXAaTOM COCTOSHUM BCIEJCTBHE BO3JCHCTBUS Beca
BBIIIEPACIIOJIOKEHHBIX YacTel (KOHCTPYKIMI) O0OBeKTa, a TakkKe OOXaTHs COOpPYKEHUS
apMaTypHBIMH KaHaTaMu cuctembl pegHanpspkenus 30.

B aBapuiiHbIX yCNOBHSIX, NPH TOBBIIIEHUH TEMIEPATypbl MapOBO3AYIIHONW Cpelnbl B
110/1000104€4YHOM MPOCTPAHCTBE — COTTIACHO Pe3ysbTaTaM TeIuiopu3nueckux pacyetoB — a0 150°C,
B Matepuaie ['CO nomoiHUTENbHO BO3HUKAIOT TeMIepaTypHble HampspkeHus. Kak ciencrtsue, B
CBSI3U C BO3PAaCTaHMEM MHTEHCHBHOCTH HampsbkeHui B Matepuasie 'CO BO3HHMKAIOT MPEAOCHUIKH
g HapyweHus uenoctHocty ['CO wm  panpHeinied HEBO3MOXHOCTU uid coopyxkeHus 30
OCYILIECTBIISTH JIOKATU3YIOIYIO (DYHKITHIO.

C 1menpi0  OIEHUTH BO3MOXXHOCTH BO3HHMKHOBEHHS 1 CMOJEIHPOBATH  SBOJIIOLHUIO
pacnpocTtpaHeHusi 30H Iutactudeckoro nedopmupoBanus ['CO ¢ moMompio MeToJa KOHEUHBIX
sanemenToB (MKD) Obl1 BhIONHEH pacueT HampshkeHHO-AedopmupoBanHoro coctosuus (HJC)
I'CO mpu BO3IEHCTBUMU BBICOKOM TeMIeEpaTypbl B aBapUUHBIX YCIOBUSAX. Pe3ynbrarhl pacuera
MOKa3aJu CIeAYIoIIee:

— pasBurtue aeopmanuii rekyuectu B ['CO:

HauynHaeTcs — B mpomexxyTok Bpemenu t = 10-50 ¢ (T = 118-139°C), 1.e., npakTuyecKu cpasy mnocie
peaM3ali UCXOJHOTO COOBbITHS aBapuu — B 30Hax 30, MOpUIErallmMX K TEeXHOJIOTHYEeCKUM
OTBEpPCTHSM (T.€. B MECTax PACIHOJIOKEHHUSI TPAHCHOPTHBIX M SBAKYAI[MOHHBIX JIOKOB, OCHOBHBIX
TEXHOJIOTUYECKUX MPOXOAOK U T.I1.);

B JanpHeumeM — B mpoMexyTok BpemeHu t=50-100c¢ (T =139-147°C)— Bo3HHKaeT w
IIpOrpeccupyeT B 30HE, MPWJIErarolled K MPUONOPHOMY YTOJIIEHHI0, KOTOpoe o0OecrnedynBaeT
XKecTkoe coenunenue mumnapa 30 ¢ onopHo# tmTol Ha otMeTke 13.200 Mm;

BIIOCJIE/ICTBUM — BIUIOTH JIO MOMEHTa 3aBepIlleHusl pacueTHoro nepuoja BpemeHu t= 600 c
(T =150°C) — pacnpoctpansiercss mo Bceit noBepxHoctd ['CO 3a HCKITIOYEHHEM JIOKaJbHON
KpPYTrOBOM 30HBI, IpUJIETaloIeil K BepIINHE KYIoJa.

Takum o00pa3oMm, pe3ynbTaThl pPAcye€TOB CBHUJETEIBCTBYIOT O MOTEHIMAIbHONH BO3MOXKHOCTH
HapyILIEHUS LETOCTHOCTU CTaIbHON repmMoo0iuioBkyd 30 B YCIOBHUSX TEXHOJIOTHYECKON aBapuH B
PO.

[TockobKYy BO3MOXKHOCTH TPUMEHEHHOTO TPOTPAaMMHOTO CpEICTBAa HE  ITO3BOJISLIIH
CMOJIETUPOBATh Mpoliecc oOpazoBanus u pa3BuTus nopexacHuit 'CO (B 4aCTHOCTH, ONIPENETUTh
KOHKpETHBIE pa3Mepbl U KoHurypamnuio nospexaenuit ['CO), To ykazannsie uccnenoBanus HJC
I'CO, npunuMasi BO BHUMaHHe WX aKTyaJbHOCTH Ul aHalu3a Oe3onmacHocTH 3kcmryatanun ADC,
0€3yCIIOBHO JIOJDKHBI OBITh BBINOJIHEHBl. Kpome TOro, B ciiyyae OTCYTCTBUSI pPE3yJbTAaTOB
HCCIIEIOBAaHHM, KOTOPBIE IOCTOBEPHO MOATBEPkKAaI0T coxpaHeHue nenoctHoctu ['CO B aBapHifHbIX
YCIIOBUSIX, OKCIUlyatupyoomas opranuzauus ADC nomxkHa pa3pabdoTaTh U pealin30BaTh
TEXHUYECKHE MEPOIPHATHS, KOTOPhIE HCKIIOYaT BO3MOXXHOCTH TAaKOTO OTKasza (pa3pylieHws,
MOBpEXAeHUs, HapylieHus neiaoctHoctu) I'CO.

KuarouoBi cioBa: 3amuTHas o0osouka, TepMETH3UpYIOLIas CTallbHas OOJIMIIOBKA,
TEPMOMEXaHUUECKOE COCTOSHUE, PAacyeTHOE MOJIEIMpPOBaHUE, HAMPSKEHHO-IEPOPMUPOBAHHOE
COCTOSIHHE.
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JocainkeHHs: po00TH HEPO3PiZHUX 3113006 TOHHUX 0AJT0K 32 il MAJIOIUKJIOBUX
MOBTOPHHUX TA 3HAKO3MiHHUX HABAHTaKeHb

T'puzopiii Maciox*, Onexcandp FOuyx®
1’ZHaL[iOHalanI/IfI YHIBEPCUTET BOJAHOT'O T'OCIIOIAPCTBA Ta IPUPOJOKOPUCTYBAHHS
g.h.masyuk@nuwm.edu.ua, orcid.org/0000-0001-5207-3111
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JlomoBiap TpHUCBAYEHA IOCIIIKEHHIO POOOTH HEPO3pI3HUX 3aTi300€TOHHHMX Oajok 3a mii
MQJIOLMKJIOBUX IIOBTOPHUX Ta 3HAKO3MIHHUX HaBaHTaxeHb. [l BHU3HAU€HHS HaIpPyKEHO-
1e(OPMOBAHOTO CTaHy HOPMAJIBHHUX IEPEpi3iB Ta HECY4doi 3aTHOCTI HEPO3pI3HHX Oanok Oymu
MIPOBE/ICHI EKCTIEPIMEHTAIIBbHI JOCIIPKEHHS 3 BUIPOOYBAaHHIM TaKUX OaJOK 3a Jii MaJIOIMKIOBHX
MOBTOPHUX 1 3HAKO3MIHHUX HABAaHTa)XCHb. 3aIi300€TOHHI OaJKW BHTOTOBJISUIHCH 13 OCTOHY Kjacy
C25/30 i apmyBayMCh JBOMA 3BapHUMH KapKacamu. ApMyBaHHs 0aJlOK IMO/BIifHE CHMETPUYHE — IO
JIBa TOB3JIOBKHIX CTEP)KHI 3HU3Y 1 3BEpXy IOIMEpeuHoro mnepepizy Oanku. PoOoua moB310BKHS
apMarypa npuiinara giamerpom 12 mm i3 kiacy A400.

BumnpoOyBaHHs eKCHEpUMEHTAlIbHUX 3pa3KiB 3AIHCHIOBAIOCh 3a TaKUMH pPEKUMaMU
3aBaHTa)KE€Hb: OJJHOPA30BUM CTATUYHHUM HABaHTAXXCHHSM J0 PYMHYBaHHs JUIsl BCTAHOBJICHHS PiBHIB
HaBaHTAXXCHb; MAJIOIIMKIOBIM MOBTOPHUM HaBaHTKEHHSM 3 BepXHiM piBHeM 0,6 MU i HMXHIM —
0,3 Mu 3 pyifHyBaHHSM TICJIS JECATH IUKIIB, MAJIOIUKIOBUM 3HAKO3MIHHUM HABAHTAKEHHSM 3
pieHem 0,6 MU 3 pyliHyBaHHSAM TiCIIsl IECATH LUKJIIB.

3a pe3ynpTaTaMu eKCIEPUMEHTAIBHUX BUIIPOOYBaHb MPOBOAMINCH TEOPETHYHI JOCIIHKSHHS
BH3HA4YeHHS Hecy4oi 3/1aTHOCTI Ta iHmuX napametpis HIC.

Hecyua 3naTHicTh Bu3HauaeThes 3a popmysioro JIBH 3 BBeneHHsIM KoedilieHTa poOoTH.

Tpudakropauii KOEQIUWIEHT ¥y cpe BUBEAECHMH HAa OCHOBI aHai3y poOIT JOCHIIKEHHS
aBTOpIB Ta 1HIIKX JIOCJIIIHUKIB, 1 TPUMHITUNA HA OCHOBI CTATUCTUYHOI OOPOOKHU BCIX JaHUX.

Ha ocHOBI aHamizy eKClepUMEHTAIbHO-TEOPETUYHHUX JOCHIKEHb CJiJ 3a3HA4MTH, 110
MILHICTh HOPMaJbHHUX IMEpEpi3iB B HEPO3PI3HUX 3aTi300€TOHHMX Oankax, K 3a3HalTh [ii
MaJIOIIMKJIOBUX TIOBTOPHUX 1 3HAKO3MIHHMX HAaBaHTa)X€Hb, MOXXHA BHKOHYBAaTH 3a (opMyJIaMu
JIBH, ane 3 ypaxyBaHHSM BIJNOBIAHMX KOE(IIIEHTIB YMOB pOOOTH Ha SKi HEOOXIJTHO MHOXKHUTHU
PO3paxyHKOBHUI omip OeTOHY f,q.

Kuarouosi caoBa: HepospiszHi Oanku, HampyxeHo-nepopMOBaHUN CTaH, Majo LHUKIOBI
MMOBTOPHI 1 3HAKO3MIHHI HABAHTAKCHHS.

Investigating the work of non-cutable reinforced concrete beams on the
effects of low-cycle repeated and variable-loaded loads

Higory Masyuk®, Olexander Yushchuk®
L2National University of Water Management and Nature Resourse use
! g.h.masyuk@nuwm.edu.ua, orcid.org/0000-0001-5207-3111
pk1342ba@gmail.com, orcid.org/0000-0001-6266-3465
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The report is devoted to the study of the work of non-permeable reinforced concrete beams
for the effect of low-cycle repetitive and sign-loaded loads. For the determination of the stress-
deformed state of normal sections and the bearing capacity of indistinguishable beams,
experimental studies have been carried out to test such beams for the effects of low-cycle repetitive
and sign-loaded loads. Reinforced concrete beams were made of concrete of class C25 / 30 and
reinforced with two welded frames. The reinforcement of the beams is double symmetrical - two
longitudinal rods from below and from above the cross section of beams. Working longitudinal
reinforcement is adopted with a diameter of 12 mm from class A400. Testing of experimental
samples was carried out according to the following loading regimes: one-time static load before
fracture to establish load levels; low-cyclic repeated load with a top level of 0.6 Mu and lower - 0.3
Mu with a destruction after ten cycles; low-cycle shift load with a level of 0.6 Mu with a
destruction after ten cycles. According to the results of experimental tests, theoretical studies were
carried out to determine the bearing capacity and other parameters of the NDS.

The bearing capacity is determined by the DBN formula with the introduction of the
coefficient of operation.

The trivial coefficient ¥,,,., . is derived on the basis of an analysis of the research work of
authors and other researchers, and adopted on the basis of statistical processing of all data.

On the basis of the analysis of experimental and theoretical studies, it should be noted that the
strength of normal sections in non-perforated reinforced concrete beams, as undergoing the effects
of small-cycle repetitive and sign-loaded loads, can be performed according to the formulas of the
DBN, but taking into account the corresponding coefficients of work conditions for which it is
necessary to multiply the calculated resistance of concrete fcd.

Keywords: Unbreakable beams, stress-strain state, short cyclic repetitive and sign-loaded
loads

HccnenoBanue padoThl Hepa3pe3HbIX KeJ1e300eTOHHBIX 0aJIOK 3a AeiiCTBUS
MAJIOUMKJIOBBIX MOBTOPHBIX U 3HAKONEPEMEHHBIX HATPY30K

I'puzopuii Macwox’, Anekcanop IOmyk2
L2 HanmonansHbrii YHUBEPCHUTET BOJHOTO XO3SMCTBA U MPUPOIOTOJIH30BAHUS
1. g.h.masyuk@nuwm.edu.ua, orcid.org/0000-0001-5207-3111
2. bk1342ba@qgmail.com, orcid.org/0000-0001-6266-3465

Jloknag TOCBSAIIEH HCCIEAOBaHUIO pabOThl HEpa3pe3HBIX IKeNe300€TOHHBIX Oajok 3a
JNEUCTBHAS MAJOIMKIIOBBIX ITOBTOPHBIX M 3HAKONEPEMEHHBIX Harpy3ok. [lnsg omnpeneneHus
HaNpsHKEHHO-/1e()OPMUPOBAHHOTO COCTOSIHUSL HOPMaJbHBIX CEUYEHHH U Hecylled CrnocoOHOCTH
HEPa3pE3HBIX OaJIOK ObLIH IMPOBEACHBI JKCIICPUMEHTAJIIBHBIC HCCICIOBAHHA C HMCIIBITAHHUEM TaKHWX
0aok 3a AeMCTBUSI MAJIOIMKIIOBBIX TOBTOPHBIX U 3HAKOIIEPEMEHHBIX Harpy3ok. JKenezo0eToHHbIE
0anmku M3roTOBISUMCH U3 OeToHa kimacca C25 / 30 m apMyBaluch ABYMS CBapHBIMU KapKacamw.
ApmupoBanue 0anok JABOWHOE CHMMETPHUYHOE - MO JBa MPOJOJBHBIX CTEPKHU CHU3Y M CBEPXY
MOTIEpEYHOro ceueHusl Oanku. Pabodas mpojmonbHas apMaTypa NpHHSTA AUaMeTpoM 12 MM u3
kimacca A400. VcnplTaHUS ONBITHBIX OOpa3lOB OCYIIECTBISIIOCH IO CIEAYIOIINM pPEKUMaMU
3arpy30K: OJHOPA30BbIM CTaTHYECKOW HArpy3KoOW 10 pa3pylIeHUs ISl YCTAHOBJICHHS YpPOBHEH
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Harpy3oK; MaJOIMKJIOBOTO TMOBTOPHBIM HAarpy3kou ¢ BepxHuMm ypoBHeM 0,6 Mu u HmwkauMm - 0,3
Mu ¢ paspymieHHeM IOociie JECSITH IMKJIOB; MAaJOLUMKIOBOIO 3HAKOIEPEMEHHBIM Harpys3kam C
ypoaeM 0,6 Mu ¢ paspyuieHreM nocie AecaTd UUKIoB. [lo pesynbpratam 3KCIEpHUMEHTAIbHBIX
UCTIBITAHUN TPOBOJMIUCH TEOPETUUYECKHE MCCIEAOBAHMS ONpEAETICHUs HEeCyIlel CIIOCOOHOCTH U
npyrux napamerpos HJIC.

Hecymas crnocobnocts omnpenemnsiercs no ¢opmyne JIBH ¢ BBemenmem koadduimenta
paboTHI.

TpudaxropHOro KO3GGUUUEHT ¥yy cve BHIBEAEH HA OCHOBE aHauM3a pabOT HCCIENOBaHUS
aBTOPOB M JPYTUX HCCIIEAOBATeNeH, W MPHUHAT HAa OCHOBE CTAaTHCTUYECKOH 00paboTKM Bcex
JTAHHBIX.

Ha ocHoBe aHaim3a SKCIEPUMEHTAIBHO-TEOPETUUECKUX HCCIIEOBAHUIN CIIEAyeT OTMETHUTh,
9TO TMPOYHOCTh HOPMAIBHBIX CEUCHHH B HEpa3pe3HBIX IKEIE300CTOHHBIX OankaxX, Kak
MOJIBEPTAOTCS BO3/JICHCTBHIO MAJIOIIMKJIOBBIX MOBTOPHBIX M 3HAKOIIEPEMEHHBIX HArpy30K, MOXHO
BBINOJIHATH 110 opmyiiam JIBH, HO ¢ y4eToM cOOTBETCTBYIOMIMX KOI(D(DUIIMEHTOB YCIOBHIT pabOThI
Ha KOTOpbIC HEOOXOIMMO YMHOXKATh PACUETHOE COTIPOTUBIICHHE OeToHa fry.

KuroueBblie ciioBa. Hepaspesnsie 0anku, HanpsHKeHHO-Ae(OPMUPOBAHHOE COCTOSTHUE, MAJIO
LUKITy TOBTOPHBIC U 3HAKOMIEPEMEHHbIE HarPy3KH

Hanpy:keHno-gegopmoBaHuid CTaH Jiarpiia 3 KJIE€HOI JePeBUHHU 32 Pi3HUX THUIIIB
(¢pyHnameHTiB

o« ~ 1 ° 2 * 3
Henuc Muxaiinoscokuii -, FOnia Kazauonok °, bozoan Oxpimenko
123K yiBCHKHI HALiOHABHIIT yHIBepcUTEeT OyNIBHUIITBA 1 apXITEKTYpH

Jiarpig - JiaroHaJbHO-CITYacTi Hecydl KOHCTPYKIII, fIKi HE3Ba)KalOUM Ha CBOKO BiJI'€MHY
raycoBY KpUBU3HY, OYAYETbCA 3 MPSIMUX OaJIOK.

Taka KOHCTPYKIIiSl € )KOPCTKOIO, HaBITh BPAaXOBYIOUH IIIO BCi €JIEMEHTH 3'€JHaHi IIApHIPHO,
rinep6oJoiHa KOHCTPYKIisl BCe OAHO Oyzae 30epiraTé CBOIO CTIHKY (GopMy MiJ Ji€l0 30BHILIHIX
cui1. 3aCTOCYBaHHS I11€1 KOHCTPYKTUBHOI (POPMU B CydacHIN apXiTEKTypl CTaJO OJHIEI0 3 TOJOBHUX
3aco0iB POPMOYTBOPEHHS aBaHTapAHUX OyAIBEJIh Ta XMapOUOCiB.

Pobora mnpucBgueHa [OCHIIKEHHIO HAaNpy>KeHO-1e(OpPMOBAHOTO CTaHy JllarOHaJIbHO-
CITUACTUX HECYYMX KOHCTPYKIIH BUKOHAHMX 3 KJIEEHOI JACPEBUHM 3 ypaxyBaHHSIM DPI3HUX THIIIB
(byHIaMEHTIB Ta MOJICJIIOBAHHS IPYHTOBOI OCHOBH.

JlociimkeHHs: MpOBEACHI HAa OCHOBI MpoekTy Hyperion, 1mo ckiagaeTbes 3 Bexi, sika mae 36
noBepxiB 1 3araibHy BHCOTY 117 metpiB. 3a ¢opmoro cekiii Bexi - e OJHONOPOKHUHHHUNA
rinep6osioin o0epTaHHs.

Bynisns mae B ocHOBI KoJ10 giameTpoM 40 M, TTOTIM OyaiBIISI TUTABHO 3BYXKYETHCS, JOCITAI0UN
MiHIMabHOTO miamerpa B 30 meTpiB. [ami OymiBisi 3HOBY pO3MIUPIOETHCS Aocsraroun aiamerpa 40
M. Spo KOPCTKOCTI BUKOHAHO 3 MOHOJIITHOTO 3aJ11300€TOHY.

B sKocTi OCHOBHMX HECy4yHMX KOHCTPYKIIM OyaiBii NpuiiHATa KJ€€Ha JepeBHHA Kilacy
mirHocTi GL 36h, BHroToBiieHa HUISXOM CKJICIOBAHHSM BOJOCTIMKHUM KIIGEM JCKIIBKOX IIapiB
JIOIIOK 3 MPAKTUYHO MapajeIbHUM pO3TaLIyBaHHIM BOJIOKOH, po3Mipamu nepepizy 700 x 300 mm.

Jl1s OCHOBHUX €JIEMEHTIB, CTIH Ta IUIUT NEPEeKPHUTTS MPUHHATI MMaHeli 3 NepexXpecHO-KIeeHO01
nepeBunH (B cBiti OubIn Bigoma sik CLT - Cross Laminated Timber).
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PosrasinyTo HanpyxeHo-aehopMoBaHU CTaH OCHOBHUX HECYUYHX €JIEMEHTIB KapKacy OyiBii
3 KJIGEHOI JIEPEeBHHHM 3a YMOBH iJ€ajli30BaHOTO 3aKPIiIUICHHS HIKHIX E€JIEMEHTIB /10 YMOBHO
HEPYXOMOT OITOpH Ta 3 MOJICTIOBAaHHSM IUIUTHOTO Ta CBAMHOTO ()YH/JIaMEHTIB HA IPYHTOBIH OCHOBI 3
00’€MHHX CKIHYEHHX €JICMCHTIB.

[Tig yac 3aBHaHHS BITPOBOTO HABaHTa)KEHHs, OyJIM yTOYHEHI aepoAMHaMIiuHI Koe(]ilieHTH B
nporpamMHomMy komiuiekci ANSYS, y 3B’sa3ky 3 TuMm, mo ¢opma OymiBial BiIPIZHAETHCSA Bia
MPSMOKYTHOT, XapaKTep pO3MOJILIy aepoAruHaMIYHUX Koe]ilieHTiB Ha fioro (acamax MOXKe iICTOTHO
Bimpi3HATHUCS Bix HaBeneHux B JIBH B.1.2-2:2006 "HaBanTaxxeHHs 1 BILTUBH'".

B pesynprari mpoBeNEHHX YHCEIBHHUX JIOCIIIPKEHb MOXKHA 3pPOOMTH BHCHOBKH, IO
3aCTOCYBAaHHS €JIIEMEHTIB B (opMi miarpifia 3 KJICEHOI JEPEBUHU IMPHU 3BEACHI 0araromoBEepXHX
OyaiBeTb € IIKOM MPUHHATHUM Ta MOJAETh KOHCTPYKIIi T03BOJISIE PO3MOIUINTH HAaBAaHTAXECHHS 110
BCIfi TUIONII PIBHOMIPHO HE3aJeXHO Bif TNy (yHIaMeHTIB. IneanmizoBaHa cxema 3aKpilUICHHS
€JIEMEHTIB KapKacy Ha YMOBHO HEPYXOMi OTOPH Ja€ OUTbINI 3HAYCHHS HANPYKCHb B €JICMEHTAX
KapKacy 3 KIEEHOI JEPEBHHHM HIXK CXEMH 3 MOJCIIOBAHHIM IPYHTOBOI OCHOBH 3 00 €MHHX
CKIHYEHHX €JIEMEHTIB.

KarouoBi ciioBa: niarpij, KiieeHa AepeBHHA, HAPYKEHO-Ie(POPMOBAaHHI CTaH.

Directly-deformed stan diagrid to the glass trees for different types of
foundations

Denis Mikhailovskyi *, Yuliya Kazachonok ?, Boghdan Okhrimenko *
123K jev National University of Civil Engineering and Architecture

Diagrid — diagonal mesh support structures, which, despite its negative Gaussian curvature,
are constructed of straight beams.

Such a construction is rigid, even though all the elements are connected hingedly, the
hyperboloid design will still maintain its stable shape under the influence of external forces. The
application of this constructive form in modern architecture has become one of the main means for
the formation of avant-garde buildings and skyscrapers.

The work is devoted to the study of the stress-strain state of diagonally-mesh bearing
structures made of glued wood, taking into account different types of foundations and modeling of
the soil base.

The studies were carried out on the basis of the Hyperion project, consisting of a tower that
has 36 floors and a total height of 117 meters. The shape of the tower section is a one-sheeted
hyperboloid of revolution.

The building has a base circle with a diameter of 40 m, then the building gradually tapers,
reaching a minimum diameter of 30 meters. Further, the building is again expanded to reach a
diameter of 40 m. The stiffening core is made of monolithic reinforced concrete.

As the main bearing structures of the building, glued timber of the strength class GL 36h,
made by gluing several layers of boards with almost parallel arrangement of fibers, glued with
waterproof glue, with dimensions of the section of 700 x 300 mm was adopted.

For the main elements, walls and slabs panels are adopted with cross-glued wood (in the
world more commonly known as CLT - Cross Laminated Timber).
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The stressed-deformed state of the main load-bearing elements of the frame of a building
made of glued wood is considered with an idealized fixing of the lower elements to a conditionally
fixed support and modeling of the foundation and pile foundations on a soil basis from the volume-
finite elements.

When setting wind load, the aerodynamic coefficients in the ANSYS software complex were
refined, because the shape of the building differs from a rectangular one, the distribution of the
aerodynamic coefficients on its facades may differ significantly from those given in DBN B.1.2-2:
2006 "Loads and impact ".

As a result of numerous studies, it can be concluded that the use of elements in the form of
diagrids from glued timber when building a multi-storey building is quite acceptable and the design
model allows you to distribute the load throughout the area evenly, regardless of the type of
foundations. An idealized scheme for securing the frame elements on conditionally fixed supports
gives large values of stresses in the elements of the frame made of glued wood than the schemes
with modeling of the ground base from the volume finite elements.

Keywords: diagrid, glass trees, directly-deformed stan.

HanpsizkeHHO-1e()OpMUPOBAHHOE COCTOSIHUHE TUATPHUAA U3 KJIECHOH peBeCHHbI
NP Pa3JIMYHbIX TUIIOB ()YHAAMEHTOB

. .1 2 3
Jenuc Muxaiinoeckuii-, Onusa Kazauonok®, bozoan Oxpumenko
1'2'3KI/ICBCKI/II>'I HaHHOHaHLHBIﬁ YHUBCPCUTET CTPOUTCIILCTBA U APXUTCKTYPhI

Huarpun - JAMAroHaJbHO-CETYAThlE HECYIIUWE KOHCTPYKLHH, HECMOTpsS Ha CBOIO
OTPHUILATENIbHYIO FayCCOBY KPUBU3HY, CTPOUTCS U3 MPSIMBIX OaJOK.

Takas KOHCTpYKLMS SIBISETCS >KECTKOM, JAa)K€ YUUTBIBAsi YTO BCE DJIEMEHTBI COEIUHEHBI
HIAPHUPHO, TUIEepO0IONTHAST KOHCTPYKIUS BCE PAaBHO OY/ET COXPAHATh CBOIO YCTOWUUBYIO GOpMY
MoJl JEHCTBHEM BHEIIHUX CWI. lIpuMeHeHue 3TOH KOHCTPYKTUBHOH (OPMBI B COBPEMEHHOM
apXUTEKType CTajllo OJHOW M3 TJIABHBIX CpPeACTB (opMOOOpa30BaHUS aBAHTAPJIHBIX 3/aHUN U
HEOOCKpeOOB.

PabGora  mocBslieHa ~— MCCIEAOBAHUIO  HANPSHKEHHO-A€(OPMUPOBAHHOIO  COCTOSHUS
JMaroHaJIbHO-CETYaThIX HECYIIMX KOHCTPYKLMH BBIIIOJIHEHHBIX U3 KJIEEHOW IPEBECHHBI C YYETOM
Pa3IMYHBIX TUIOB (PYHAAMEHTOB U MOJECINPOBAHUS TPYHTOBOI'O OCHOBAHHUSI.

HccnenoBanust mpoBeJeHbl Ha OCHOBE npoekta Hyperion, cocrosimuii U3 OamrHu, KOTOpas
umeeT 36 staxeit u o6yt Beicoty 117 merpos. Ilo ¢popme ceknuu OGalrHU - 3TO OJTHOMOIOCTHBIH
runepOOoIOn]] BpalleHusl.

31aHue UMeeT B OCHOBE Kpyr auamerpoM 40 M, 3aTeM 3/1aHuE IUIABHO CY)KAETCs, JOCTUTast
MHHUMaJIBHOTO nuameTrpa B 30 meTpoB. [lanee 3manue cHOBa pacimupsieTcsa gocturas auamerpa 40
M. SApo JKeCTKOCTH BBIMIOJIHEH U3 MOHOJIMTHOTO JKeIe300eToHa.

B kadecTBe OCHOBHBIX HECYIIMX KOHCTPYKLIMH 37aHUS MPUHATA KIeeHas JpeBecHHa Kiacca
npoyHoctd GL 36h, u3roroBieHHas myTeM CKJIEHBAHHUS BOJOCTOMKUM KJI€eM HECKOJIbKHX CIIOEB
JIOCOK C MPAaKTUYECKU MapaJlJIeNIbHBIM PACIIONOKEHUEM BOJIOKOH, pasmepamu ceuenus 700 x 300
MM.

JUIs OCHOBHBIX AJIEMEHTOB, CT€H M IUIUT NEPEKPBHITUS NPHUHATHl NAHEIN C IEPEKPECTHO-
KJICCHO# peBecuHbl (B Mupe Oosee uszBectHas kak CLT - Cross Laminated Timber).
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Paccmotpenoe HanpsikeHHO-1e(OpPMHUPOBAHHOE COCTOSIHME OCHOBHBIX HECYIIUX 3JIEMEHTOB
KapKaca 3/1aHus U3 KJIEEHOH APEeBECUHBI IPU UACATU3UPOBAHHOM 3aKPEIIJIEHUH HUKHUX 3JIEMEHTOB
K YCJIOBHO HEIOJIBWKHOH OMOpe M ¢ MOJCTUPOBAHMEM IUIMTHOTO M CBAaifHOrO (h)yHJAMEHTOB Ha
I'PYHTOBOM OCHOBE C 00bEMHO KOHEUHBIX 3JIEMEHTOB.

[Ipu 3amaHuK BETPOBOW HArpy3KH, OBUIM YTOUYHEHBI a’pOJWHAMHUYECKHE KOI(P(UIIMEHTHI B
nporpaMmmMHOM KoMmiiekce ANSYS, B cBsi3m ¢ Tem, uyTo QopMa 3HaHHS OTIUYACTCS OT
MPSIMOYTOJIBHOM, XapaKTep paclpelesieHus a’poJAUHaMUYecKuX Kod(¢uiueHToB Ha ero ¢acaaax
MOXET CYIIECTBEHHO OTiau4yaTbcss oT mnpuBeaeHHeix B JIBH B.1.2-2: 2006 "Harpy3ku u
BO3JICUCTBUA".

B pe3ynbpraTe npoBEAEHHBIX MHOTOYHUCIEHHBIX MCCIIEI0BAaHUN MOYKHO CIEJIaTh BBIBOJBI, YTO
NpPUMEHEHHE »JIIEMEHTOB B (opMe [uarpujga U3 KICCHOH JpeBeCHHBl IMpPH BO3BEJICHHUU
MHOTO3TaKHOT'O 3JIaHUSI BIIOJIHE IPUEMIIEMBI U MOJENb KOHCTPYKLMHU IO3BOJISIET PaCIpeneIuTh
Harpy3Kky Io BCEH IUIoL[av paBHOMEPHO HE3aBUCUMO OT Tuna (GyHnameHToB. WneannsupoBaHHas
CcXeMa 3aKpelieHUs SJEMEHTOB Kapkaca Ha YCIOBHO HEMOABM)KHBIX OINOpax JaeT OoJjbline
3HAUEHUS HANpPsDKEHUH B OJIEMEHTax Kapkaca U3 KJIECHOH JpeBECHHBbI, 4YeM CXEMBI C
MOJIETTUPOBAHUEM TPYHTOBOTO OCHOBAHMS U3 OOBEMHO KOHEUHBIX JIEMEHTOB.

KiroueBble cjioBa: muarpu, KieeHas IpeBecuHa, HapsKeHHO-1e(pOPMHPOBAHHOE
COCTOSIHHE.

ExcnepuMeHTAJbHI TOCII?KEeHH KOHCTPYKTHUBHUX €JIEMEHTIB 3 HI3JAPIOBaTHX
0eTOHIB, aDMOBAHUX HETPAAULIHHUM APMYBAHHAM

‘e 1 2
HOpiit @amynsax, bozoan /lemuuna
! JTbBiBCHKHMIT HAI[IOHATBHE arpapHuil yHIBEpCHUTET,
’HartioHanbHuiA yHiBepcuTeT «JIbBIBChKA MOMITEXHIKA»

VY Ham yac BUpOOM 3 HI3IPIOBATUX OETOHIB HAOyBalOTh Ji€Jalli IIMPIIOrO 3aCTOCYBaHHS y
OyniBenbHIM npaktuii. HaiGinbml nommMpeHUMH pi3HOBUAAMU TaKOro OETOHY € TiHO- Ta
razo0eronu. Taki pi3HOBHIU OETOHY, SIK KOHCTPYKTHUBHUN MaTepiall, BiIIrpatoTh CYTTEBY POJIb JUIS
€KOHOMII KOIITIB, IKi BUTPAa4yaloTh B MpoIleci eKcIuTyartanii OyniBeib. EKOHOMIIO y 1aHOMY BUIIAIKy
JOCSITaI0Th 32 PaXyHOK JJOCUTh HU3bKOI TEIJIONPOBITHOCTI HI3/IpIOBATOr0 OETOHY.

Cepen po3maitTa OyAiBeNbHHX MaTepiaiiB JApIOHOMITYYHI CTIHOBI MarTepialil € OCHOBOIO
IHAUBIAYaNbHOTO OyMIBHUITBA. 3-TMOMDK YCIX aJbTEpHATUBHUX BHUAIB TaKOro Marepiainy
HaWIPUMHATHIIIMMHU 32 LIHOIO € MIHO- Ta ra300€TOHHI BUPOOHU, 110 Jat0Th 3MOTY 3HU3UTU BapTICTh
KHUTIIOBOTO 1 MpoMuciioBoro OyaiBHUITBA y 2-3 pa3u. BupoOu i3 miHO- 4 Tra300€TOHY NpU3HAUEH]
JUTs MypyBaHHSI TIEPETOPOIOK 30BHINIHIX Ta BHYTPIIIHIX CTiH, TEIMJIOI30JISIIii TOKPIBEIb, TOPHIIL,
MiJIOTH, 3aIIOBHEHHS ITYCTOT, 3BYKOI30JIAIII1 3aJ11300€TOHHOTO NEepeKpuTTs. Bonu nerki, Henopori,
MaloTh JOCTATHI TEIUIO- Ta 3BYKOI30JIAIIIHI BIACTUBOCTI, €KOJOTIYHO Oe3MeuHi; OKpIM TOTO, TaKi
BUPOOM MO>KHA MUJISITH, CBEPIIIUTH, ppe3epyBaTH.

HiznproBari OetoHu, sk 1 Oyab-fKi 1HINI MarepiaJd Ha OCHOBI IIEMEHTY, 3 4YacoMm
HAKOMMYYIOTh MilIHICTh. IX BBA’KAIOTh HETOPIOYUMHM OY/IiBENTBHMMH MaTepialaMH.

TexHosiorist BUTOTOBJIEHHS MiHO- YW Ta300€TOHY JOCUTh MpOCTa: A0 MPUTOTOBAHOT
IIEMEHTHOI CyMIlll JTOAAIOTh IMHY 31 CHeHiaJIbHOTO arperary — MiHoreHeparopa, abo
ra3oyTBOpIOBaIbHY cymimi. [licok Mo)kHa 3aMIHMTH Ha UUIaK, 30Jy, ApPIOHWNA BamHAK. 3a
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€KOJIOTIYHUMH BJIACTUBOCTSIMH HI3PIOBATUI OETOH HAOMMKAETHCS 10 JIEPEBa, aje JOBTOBIUHIMINMN.
[Ticna mepemMinryBaHHS KOMIIOHEHTIB CYMIIll TOPUCTOI CTPYKTYpU T'OTOBA JUIs (JOPMYBaHHS OyIIb-
AKUX OyniBeIbHMX BHPOOIB y KaMepax 3 arMOC(epHHM THUCKOM. 3aBISKU MPOCTIH TEXHOIOTil
BapTICTh TaKWX BUPOOIB JOCUTh HU3bKAa. CydacHa TEXHOJIOTiA Ja€ 3MOTY BHIOTOBIISITH
KOHCTPYKTHBHO-TEILIOI30 SIiHHI BUPOGH TYCTHHOIO He Gimbme, Hik 500-800 kr/m.

Bomnouac HizmproBari OETOHM HallekaTh 10 KPUXKHX OCETOHIB, sAKI 0€3 JTOJaTKOBUX
eNIEMEHTIB Ba)KKO BHKOPHUCTOBYBAaTH SIK TPOJITHI KOHCTPYKIIi, II0 Ma€ BAXKJIMBE 3HAYCHHS B
OyniBenbHIM 1HAYCTpii. HasgBHI HOCTIHKEHHS Ta PO3POOKH CTOCYIOTHCS MEPEBAKHO TPAIUIIIIHOTO
apMyBaHHS CTAJIEBOIO apMaTypOIO.

3acTocyBaHHS TPATUIIMHOTO CTAJIEBOTO apMyBaHHS B MiHO- YW Ta300€TOHHUX €JIeMEHTax
BHUMArae CIeLiaJIbHOTO Pi3aIbHOTO 1HCTPYMEHTY UIi HOro oOpOOKHM, HANpPUKIIAA, KOJU YaCTHHY
1oro HEOOXiTHO Bipi3aTu.

Tomy Oarathox mpobiieM MoOKHA Oyn0 O YHUKHYTH, SIKIIO OM BAAOCs 3aMIHUTH poOOdy
apMaTypy TaKMX KOHCTPYKLINA Ha Taky, sika O Jierko miagaBanacs oOpoOlli, HaBiTh 3BUYATHUMHU
IHCTPYMEHTaMH IIHPOKOTO BXKHUTKY.

Sk Oyno cka3aHo BUIIE, Y MPOJITHUX KOHCTPYKTUBHUX €JIEMEHTaX 13 Hi3[proBaTHX OETOHIB,
3BHYAIHO BHKOPHCTOBYIOTh CTaJ€BY apMarypy TIJIAJKOTO YH MEPIOAUYHOrO mpodiro.
ExcniepuMeHTanbHO-TEOPETHYHI JOCHI/PDKEHHS 1HIIMX THIIIB apMyBaHHs, 3acCTOCYBaHHS IX B
Oy/iBeTbHIN MPAKTHUII, METOJUKH PO3PAXYHKY TAKUX KOHCTPYKIIN 13 HETPATUIITHUM apMyBaHHIM
BHBUYCHI Ta 3aCTOCOBYIOTH HeAOCTaTHhO. OJMWMH 31 NUIAXIB BUPIMIEHHS NpoOIeMH — 3aMiHa
TPaAULIHHOTO apMyBaHHS Ha HeTpajuiliiiHe (HAmpUKIAL, HAa Marepiaid Ol0JOTiYHOTO YHU
OpraHiYHOTO TIOXO/DKCHHS, Pi3HI BHAM CITOK TOomo). KpiM TOro, 3aBAsKd TO3MTHBHUM
BJIACTUBOCTSIM HI3JpIOBaTUX OETOHIB, iX MOXHa JOCTaTHbO €(EeKTUBHO BHUKOPHUCTOBYBATH SK
Matepial A HeCy4yMX KOHCTPYKLiM, He JUIIe OIHOPIIHUX, aje W y MOE€IHaHHI 3 IHIIUMHU
Mmarepiajamu.

KuarouoBi cioBa: miHOOETOH, Tra300€TOH, HETpPaAMIliiiHE apMyBaHHS, MIIHICTb,
ne(pOopMaTUBHICTb.

Experimental researches of construction elements with uncertable
concretes constructed by non-regular reinforcement

Yuriy Famulyak', Bogdan Demchina’
!Lviv National Agrarian University,
National University "Lviv Polytechnic"

Nowadays, uncentable concrete products are becoming increasingly widespread in building
practice. The most common types of such concrete are foam and aerated concrete. These types of
concrete, as a constructive material, play a significant role in saving money spent on the operation
of buildings. The savings in this case are achieved due to the fairly low thermal conductivity of
alkyd concrete.

Among the variety of building materials, fine-grained wall materials are the foundation of
individual construction. Among all alternative types of such materials, the most affordable are foam
and aerated concrete products, which allow to reduce the cost of residential and industrial
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construction 2-3 times. Foam or aerated concrete products are intended for masonry of partitions of
external and internal walls, thermal insulation of roofs, attics, floors, filling of cavities, sound
insulation of reinforced concrete floor. They are lightweight, inexpensive, have sufficient thermal
and acoustic properties, are environmentally friendly; in addition, such products can be sawn,
drilled, milling.

Pitched concrete, like any other cement-based materials, eventually accumulate strength.
They are considered non-combustible building materials.

The technology of manufacturing foam or aerated concrete is quite simple: to the prepared
cement mixture add foam from a special aggregate - foam generator, or a gas-forming mixture.
Sand can be replaced with slag, ash, small limestone. According to the environmental properties of
the nicer concrete is approaching the tree, but more durable. After mixing the components, the
mixture of the porous structure is ready for the formation of any building products in atmospheric
pressure chambers. Thanks to the simple technology, the cost of such products is quite low. Modern
technology makes it possible to make structural and thermal insulation products with a density of no
more than 500-800 kg/m?.

At the same time, pitted concrete belongs to fragile concrete, which, without additional
elements, is difficult to use as flying structures, which is important in the construction industry.
Available studies and developments relate mainly to traditional steel reinforcement.

The use of traditional steel reinforcement in foam or aerated concrete elements requires a
special cutting tool for its treatment, for example, when part of it needs to be cut off.

Therefore, many problems could have been avoided if it were possible to replace the
working armature of such structures with one that could easily be processed, even with ordinary
tools of general use.

As it was mentioned above, in flying structural elements of pitched concrete, usually used
steel fittings of smooth or periodic profile. Experimental-theoretical studies of other types of
reinforcement, their application in building practice, methods of calculating such structures with
non-traditional reinforcement have been studied and used insufficiently. One way to solve the
problem is to replace traditional reinforcement with non-traditional ones (for example, materials of
biological or organic origin, various types of nets, etc.). In addition, due to the positive properties of
pitched concrete, they can be used effectively enough as a material for supporting structures, not
only homogeneous, but also in combination with other materials.

Keywords: foam concrete, aerated concrete, non-regular reinforcement, strength,
deformability.

3KCHepHMeHTaJIbeIe HCCJICT0OBAHUA KOHCTPYKTUBHBIX 3JIECMCHTOB U3
AYEUCTOro 6eTOHa, APMHUPOBAHBLIX HETPAAUIIMOHHBIM apMHUPOBAHUEM

. 1 2
HOpuit @amynax-, bozoan /lemuuna
!JIbBOBCKHMIT HAIMOHATBHBIIT arpapHbIil YHUBEPCHTET,
HarioHa bHBII YHUBEPCUTET «JIbBOBCKas MOJIMTEXHUKA

B name Bpemss u3genus M3 AYEHCTHIX OETOHOB MpPUOOpeTaroT Bce Oojiee HIMPOKOe
IPUMEHEHHE B CTPOUTENIbHOW mpakTHKe. Hanbosee pacnpocTpaHeHHBIME BHAAMHU TaKOro OeToHa
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SIBJIAIOTCS TICHO- W Tra300eToH. Takwe pa3sHOBUIHOCTH OETOHA, KaK KOHCTPYKTHUBHBIH MaTepuall,
UTPAIOT CYIIECTBEHHYIO POJIb JJIsi IKOHOMHUU CPEJCTB, KOTOPBHIC TPATAT B MPOIECCE IKCILTyaTallun
3MaHUi. DKOHOMUIO B JAHHOM CITydae IOCTHUTAIOT 3a CYET JOCTATOYHO HU3KOH TEIJIONPOBOIHOCTH
SIYEMCTOT0 OETOHA.

Cpenu pa3HOOOpa3wsi CTPOUTEIBHBIX MATEPUATIOB MEJKOIITYYHBIE CTCHOBBIC MaTEpUaIbl
SIBJISFOTCSI OCHOBOM HMHJIMBHIYaJIbHOTO CTPOHUTENILCTBA. M3 BCeX allbTEPHATHBHBIX BHJOB TAKOI'O
MaTepuaja IPUEMJIEMBIM I10 IIEHE SBIISIOTCS IEHO- U Ta300€TOHHBIC U3/ICNIHS, KOTOPBIC TTO3BOJISIOT
CHU3UTh CTOMMOCTH MHIIMIIIHOTO U MPOMBIIIICHHOTO CTPOMTENILCTBA B 2-3 pa3a. M3aenus u3 neHo-
WIM ra3o0eToHa MpeaHa3HAuYeHbl JUIS KJIAIKA IIEPEeropoJIOK BHEIIHMX M BHYTPEHHHUX CTEH,
TEIUIOM3OJISIIMA  KPOBENIb,  YEPJAaKOB,  TIOJIOB,  3allOJIHEHUS  MYCTOT,  3BYKOHM3OJISALIHUU
KEIe300eTOHHOTO TepekpbiTusi. OHM JIETKUE, HEIOpOTHe, WMEIOT JOCTAaTOYHBIC TEIJIO- H
3BYKOM3OJISIIIUOHHBIC CBOMCTBA, YKOJOTHYECKH Oe30IMacHbIe; KPOME TOTO, TaKHE W3JCTHS MOXHO
MWIATH, CBEPIIUTH, PPE3epOBaTh.

Sldeucteie OCTOHBI, KaK WM JIFOOBIC JPyrue MaTepualibl Ha OCHOBE I[EMEHTA, CO BPEMEHEM
HAKAIJIMBAIOT IPOYHOCTh. X CUMTAIOT HErOPIOYHMMHU CTPOUTEIIEHBIME MaTepHalaMu.

TexHOIOrus 3rOTOBJICHMS MIEHO- WJIM Ta300€TOHA JIOCTATOYHO MPOCTA: K MPUTOTOBICHHOM
[IEMCHTHOW CMecH JOOaBISIFOT IEHY W3 CICHUAIBHOTO arperara —  IEHOTeHeparopa WU
razoo0pasyromiyto cmech. [lecok MOXHO 3aMEHHUTh Ha IIUIAK, 301y, MEJIKHM u3BecTHsK. [lo
IKOJIOTHYECKUM CBOWCTBAM SIYCUCTBIA OCTOH MpUOIIMIKAETCs K ApeBecruHe, HO AoiroBednee. [locie
MEPEMEITUBAaHUS KOMIIOHCHTOB CMECh IMOPHCTON CTPYKTYPBI TOTOBA JJIsi (DOPMHUPOBAHHS JTFOOBIX
CTPOMTEILHBIX U3JEINN B KaMepax ¢ aTMOChEpHBIM JaBlieHHeM. biiaromaps mpocToil TeXHOJIOTHH
CTOMMOCTh TaKHX HM3JCIUH J0CcTaroyHo Hu3kas. CoBpeMEHHAas TEXHOJIOTHS I103BOJIIET
W3rOTaBIMBATh KOHCTPYKTHBHO-TEIUIOM3OJSIIIMOHHBIE U3JENHsl IJIOTHOCThIO He Oonee, ueM
500...800 Kr/m°.

B To ke Bpemsi s4eHcTble OETOHBI OTHOCATCS K XPYOKUM O€TOHaM, KOTOphle 0e3
JIOTIONIHUTEBHBIX DJIEMEHTOB TPYJHO HCIIONB30BAaTh KAaK MPOJETHBIE KOHCTPYKIIUH, YTO HMEET
BXHOC 3HAYCHHWE B CTPOUTEIHHOW HWHIyCTpHH. VIMeromuecs WCCIeIoBaHUS W pa3paboTKu
KacaroTcs B OCHOBHOM TPAJUITHOHHOTO apMHUPOBAHUS CTAITBHON apMaTypOi.

[IpuMeHEeHHe TPAAWIIMOHHOTO CTAJBHOTO AaPMUPOBAaHUS B IIEHO- WM Ta300€TOHHBIX
JJIEMEHTaX TPeOyeT CIennaaIbHOr0 WHCTPYMEHTA JUIsl €ro 00paboTKH, HampuMep, KOrjaa 9acTh €ro
HE00X0/AUMO OTpe3aTh.

[ToaTromy MHOTMX mpoOieM MOXXHO Obulo Obl HM30€kaTh, €cau Obl yAaIoch 3aMEHUTH
pabouyro apmMaTypy TaKMX KOHCTPYKLMN Ha Takyro, KOTopas Obl JIETKO MojABepraiach oopadboTke,
nake 0OBIYHBIMH MHCTPYMEHTAMU IIUPOKOTO MOTPEOICHUSI.

Kak ObUTO CKa3aHO BBINIE, B TPOJICTHBIX KOHCTPYKTUBHBIX JJIEMEHTAaX C SUCHUCTHIX OETOHOB
OOBIYHO UCHOJB3YIOT CTAIBHYIO apMaTypy TJQJAKOTO WJIH TEPUOJIHYECKOTO  MpodmIs.
DKCIepUMEHTATEHO-TEOPETHICCKUE UCCIICAOBAHUS IPYTHX TUIIOB apMHUPOBAHMS, IPUMEHEHHUE HX B
CTPOUTEIILHOM TPAKTHKE, METOJWKH pacyeTa TaKWX KOHCTPYKIIMA C HETPATUITUOHHBIM
apMUPOBAHHEM H3YyU€HBl U MPHUMEHSIOT HefgocTtaTouyHo. OIUWH W3 MyTeH pelieHus] MpoOIeMbl —
3aMeHa TPAJUIMOHHOTO apMHUPOBAaHUS Ha HETPAJUIMOHHOE (HANpUMep, Ha MaTepHajbl
OMOJIOTUYECKOTO WM OPTraHMYeCKOro MPOMCXOXKICHHS, Pa3IMyHble BHIBI CETOK W T.I.). Kpome
TOTO, Oyarojmapsi TOJIOKUTEIHHBIM CBOMCTBAM SYEHCTHIX OETOHOB, MX MOXHO JOCTaTOYHO
3¢ (HEeKTHBHO MCIOJB30BaTh KaK MaTepuall ISl HECYIIUX KOHCTPYKITUI, HE TOJIBKO OJTHOPOIHBIX, HO
Y B COYCTAHHH C JAPYTUMH MaTepHUAIaMH.
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KnroueBble ciioBa: meHOOCTOH, Ta300€TOH, HETPAJHIMOHHOE apMHPOBAHUS, MMPOYHOCTH,
ne(popMaTUBHOCTb.

Kpurepii MinHOCTI 32113006 TOHHUX IJIOCKHMX €JIEMEHTIB NPH CHiJIbHIM Jil
3rHHAJILHUX TA KPYTHHUX MOMEHTIB, HOPMAJILHUX TA JOTUYHUX CHJI

Onekcanop Kypaecovkuii
KuiBcbkuii HaIllOHATBHUI YHIBEPCUTET OyIIBHUIITBA 1 apXITEKTypH
azhur@ua.fm; orcid.org/0000-0001-7065-3312

B poGoTi posrisgaeTbcsi KpUTEpii MIMHOCTI €IEMEHTIB, SKi MPAIlOI0Th Ha 3THMH B JBOX
HampsMKax (IUIMT TEPeKpPHUTTiB, (YHIAMEHTHUX IUIMT, MOHOJITHHUX TEPEKPUTTIB CKIAJHOI
KoH(iryparii), a Tako)X HECY4YHX CTiH, CTIH SJIEp >KOPCTKOCTI, MOJIOTUX OOOJIOHOK Ta IHIIUX
€JIEMEHTIB MiJJaHUX CMIAbHOI Mii 3rMHAIBHUX 1 KPyTHUX MOMEHTIB (My, My, Myy), HOpManbHUX i
npotudHuX cuil (Ny, Ny, Nyy), IpuKIageHux Ha piBHI cepeMHHOI NOBEpXHi eneMeHTiB. Lle nuraHHs
TAaKOX TIOB'3aHE 3 TUM, IO METOAM BH3HAYEHHS MIIHOCTI 3a3HAUYEHHX EJEMEHTIB He
PO3IIISLIAIOTECSL B ICHYIOUMX HOPMAaTHBHHMX JOKyMeHTaX. OJHak BOHM BHCTYNalOTh B SKOCTI
OCHOBHUX €JIEMEHTIB KOHCTPYKIIii Cy4acHUX OyaiBeslb 3 MOHOJIITHOTO 3a1i300€TOHY.

Po3rnsparoTecss MMTH, apMOBaHI apMaTypHHUMM CITKaMM, pPO3TALIOBAaHUMH HapaieabHO
CepeMHHOI TMOBEpXHI IUIUTH y HIKHIA abo BepxHi 11 moBepXxoHb ab0 OJIHOYACHO B 000X
MOBEPXOHB (B 3aJIKHOCTI BiJl XapaKTepy HAIPYKEHOTO CTaHy).

[TpwifHsITO Ba BN KPUTEPIiB MIITHOCTI:

e Kpurepii nepiioro Buay OLIHIOIOTh PYHHYBAaHHS €JIEMEHTIB BHACIIOK PO3BUTKY 3HAUHHUX
IJIaCTUYHUX JedopMalliil B apMaTypl, OyAydH KpUTEPIsIMU MJIACTUYHOTO pyHHYBaHHS 110 apMaTypi.

e Kpurepii npyroro BHIYy OLIHIOIOTH pPYyHHYBaHHS e€JeMEHTa IO OETOHY JI0 HacTaHHs
IUIMHHOCTI B apMmatypi. Kpurepidf, 1m0 XapakTepu3ylOThb Take pYyHHYBaHHS, BIJHOCATBHCS M0
KPUTEPIiB MIIIHOCTI [0 CTUCHYTOMY OETOHY.

Ha nepmomy erani o0UnCIIOIOTHCS SPOBI MOMEHTH BiJIHOCHO MOBEPXHI BEPXHIX SJIPOBUX
M

[Ticnss 1pbOrO BU3HAYAIOTHCS TOJOBHI SIIPOBI MOMEHTH BBIAHOCHO BEPXHBOI SAPOBOL

: . . i’ i i
TOYOK M M ..., Ta BITHOCHO HI)KHBOI IIOBEPXHI AAPOBHUX TOYOK My, My, M.,

cx? cx’

i
IMOBCPXHI1 Mcx-‘?‘lﬂ_l-‘; Ta BIZHOCHO HUXXHbBO1 AAPOBO1 ITIOBCPXHI1 M;xmu::.
min min

BusnauaroThest KyTH HaXuily IUIOMIAJIOK AOJATKU TOJIOBHUX SIIPOBUX MOMEHTIB OL Ta O..
[IpencraBneni kpurtepii MIIHOCTI 1 GopmMyan mo MiAOOPY apMaTypu 3ajeXxarh Bl CXeM
YTBOPEHHS TPIIIMH PYHHYBaHHS.
Po3pi3HAIOTH TpH OCHOBHI CXE€MH YTBOPEHHS TPILLUH PYHHYBaHHS:
e (Cxema «H» (TpimuHau pyliHYBaHHS YTBOPIOIOTHCS HA HUXKHIN MIOBEPXHI €JIEMEHTA).
e (Cxema «By (TpilinHU pyiiHYBaHHS yTBOPIOIOTHCS Ha BEPXHIN MOBEPXHI IUIUTH).
e (Cxema «HB» (TpimmuHu pylHHYBaHHS YTBOPIOIOTHCS OJIHOYACHO HA HIDKHIA 1 BEpXHIN
MOBEPXHSX IUIUTH).
e Cxema «Cy», KOTHM TPIIIMHNA HE YTBOPIOIOTHCS, alé MOKJIMBE PYHHYBaHHS €JIEMEHTa Bil
CTHCKY.
[Tpu po3paxyHKy KOHCTPYKLIH 3a MEPIIOIO0 TPYIO0 IPaHUYHUX CTAaHIB MIIHICTH OETOHY Ha
pO3TAT HE BpPaxoOBYeThCs. Y 3B'I3KYy 3 MM cxema «H» - pyiiHyBaHHS MO HIDKHIM TpIIIMHAX
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peani3yeThes, SIKIIO
M =o,M/__. <O

c,Mmex — c,max

Cxema pyiiHYBaHHS 10 BEpXHIX TpimuHax (cxema «By») peanizyerbes, K0
M <o,M__ =o0.

C.Max c,max —
CxeMa pyiiHyBaHHS IPH HasBHOCTI OJHOYACHO BEPXHIX 1 HWXKHIX TpimuH (cxema «HB»)

pealtizyeThCes, SIKIIO BUKOHYIOTHCSI OJJHOYACHO HEPIBHOCTI
I
M =0,M, = 0.

C.MMax C,MMax
Jlo cxemu «C» BIIHOCHTBCS pPYHWHYBaHHS €JIEMEHTIB, [UIA SKHX BHUKOHYIOTbCS YMOBH

ABOXOCHOT'O CTI/ICKy:
M <o,M ___<o0.

C.MMax C,MMax

Mc,min =0, M;,min < 0.
Tyt po3pi3HAIOTBCA 1Ba BUNIAJKH PyHHYBAHHS:
Bunanok I (pyitnyBaunns no mwiomi aii M ) M0, < ML,
sunaok Il (pylinysanns no mmomti mii M_ . ) M_,.. > M___ .

Kuro4oBi ciioBa: kpuTepiit MilIHOCTI, 3aJ11300€TOHH1 TUIOCKI €J1€MEHTH, YTBOPEHHSI TPIIIHH.

Criteria strength of reinforced concrete flat elements under the joint action of
bending and torsional moments, normal and tangential forces

Olexandr Zhuravsky
Kiev National University of Civil Engineering and Architecture
azhur@ua.fm; orcid.org/0000-0001-7065-3312

The criteria for the strength of elements working on bending in two directions (slabs,
foundation slabs, monolithic ceilings of a complex configuration), as well as bearing walls, walls of
stiffeners, sloping shells and other elements of subjects of joint action of bending and twisting
moments (My, My, Myy), normal and tangential forces (Nx, Ny, Nyy) applied at the level of the middle
surface of the elements. This issue is also related to the fact that methods for determining the
strength of these elements are not considered in existing regulatory documents. However, they act
as the main elements of the structures of modern buildings from monolithic reinforced concrete.

Plates reinforced with reinforcing mesh located parallel to the middle surface of the plate in
the lower or upper surface of the plate or simultaneously in both surfaces (depending on the nature
of the stress state) are considered.

Two types of strength criteria were adopted:

* Criteria for the first type assess the destruction of elements due to the development of
significant plastic deformations in the reinforcement, being criteria for plastic fracture in the
reinforcement.

* Criteria of the second type assess the destruction of the element in concrete before the flow
in the reinforcement. The criterion characterizing such destruction refers to the criteria for the
strength of compressed concrete.
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At the first stage, the core moments are calculated relative to the surface of the upper sound
points M, M, M, and relative to the lower surface of the sound points MZ,.,M/,.M/,..

After that, the main core moments are determined with respect to the upper sound surface
M__max and relative to the lower sound surface M;E.

T I

cx?

The angles of the slopes of the application areas of the main sound moments o and o ' are
determined.

The presented strength criteria and formulas for the selection of reinforcement depend on the
schemes for the formation of fracture cracks.

There are three main schemes for the formation of fracture cracks:

» Scheme "H" - fracture cracks are formed on the bottom surface of the element.

» Scheme "B" - fracture cracks are formed on the top surface of the plate.

» Scheme "HB" - fracture cracks are formed simultaneously on the lower and upper surfaces
of the plate.

* Scheme "C" - cracks are not formed, but it is possible to destroy the element from
compression.

When calculating the structures for the first group of limit states, the tensile strength of
concrete is not taken into account. In this connection, the "H" scheme - destruction along the lower
cracks is realized if

M =0,M___ <o0.

c.Mmax — C,MMax

The fracture scheme for the upper cracks (scheme "B") is realized if
M <o,M __ =0.

C.IMEx c,Mmax —

The fracture scheme in the presence of simultaneously upper and lower cracks (the "HB"

scheme) is realized if the inequalities
MG_.?‘J‘IEI ::: ':I-" M;,mﬂx ::: D'

Scheme "C" refers to the destruction of elements for which the biaxial compression
conditions are satisfied:

M <o,M ___ <o.

C.ITEX c,max
Mc,min =0, M;,min = 0.
There are two cases of destruction:
case | (destruction by area of action M ;) M, .., < Mimm ;
case Il (destruction by area of action Mimm) M, in = Mi i

Keywords: criteria strength, reinforced concrete flat elements, crack formation.

KpuTtepuu npo4HoCcTH KeJ1e300€TOHHBIX IJIOCKHUX 3JIEMEHTOB NPH
COBMECTHOM /IeiiCTBUM U3rM0AI0ONIUX U KPYTSIIAX MOMEHTOB, HOPMAJILHBIX 1
KacaTeJbHbIX CHJI

Anekcandp Kypaeckuii
KueBckuil HallMOHAJIBHBIN YHUBEPCUTET CTPOUTENIBCTBA U apXUTEKTYPBI

azhur@ua.fm; orcid.org/0000-0001-7065-3312
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B pabote paccMarpuBaeTcss KpUTEPUU MPOYHOCTH DJIEMEHTOB, pabOTarONIMX Ha HM3THO B
IBYX HANpaBICHUAX (IUIMT TEPEeKPHITUH, (YHIAMEHTHBIX IUIMT, MOHOJHMTHBIX TEPEKPHITUI
CIIO)KHOW KOH(UTYpaluu), a TaKKe HEeCYIIUX CTEeH, CTEH fAJep JKECTKOCTH, MOJIOTUX O0O0JOYEK U
APYTUX 3JIEMEHTOB MOAJAHHBIX COBMECTHOTO JICHCTBUS M3TMOAIONMINX M KPYTAIIUX MOMEHTOB (My,
My, Myy), HopManbHbiX U KacaTenbHbIX CHII (Ny, Ny, Nyy), IpHIOKEHHBIX Ha ypOBHE CPEAMHHON
IIOBEPXHOCTU 3JIEMEHTOB. OJTOT BONPOC TaKXE CBA3aHO C TEM, YTO METOIbl OIpE/eIeHUs
IPOYHOCTU YKA3aHHBIX 3JEMEHTOB HE pacCMaTpPUBAIOTCA B CYIIECTBYIOIIUX HOPMAaTUBHBIX
nokyMeHTaXx. OJHAaKO OHHM BBICTYNAIOT B KayeCTBE OCHOBHBIX JJIEMEHTOB KOHCTPYKLUH
COBPEMEHHBIX 3/1aHUI U3 MOHOJIUTHOI'O JKeJIe300€TOHa.

PaccmarpuBaroTcs TUIMTHI, apMHUPOBAaHHBIC ApPMATYPHBIMH CETKaMH, PacIOJIOKEHHBIMU
napayieIbHO CPEIMHHOW IMOBEPXHOCTH IUIMTHI B HIDKHEW MM BEpXHEH €€ TMOBEPXHOCTH WIIU
OJTHOBPEMEHHO B 00enX MOBEPXHOCTEH (B 3aBUCUMOCTH OT XapaKTepa HAMpsHKEHHOTO COCTOSIHUA).

[TpunsATO ABa BUJA KPUTEPUEB IPOYHOCTH:

* Kpurepuum nepBoro BuAa OLICHUBAIOT pPA3pPYyLICHHUsS 3JIEMEHTOB BCJEACTBUE Pa3BUTUSA
3HAYUTENbHBIX IJJACTUYECKUX JepopManuii B apmarype, Oyaydd KPHUTEpHUSIM IUIACTHYECKOIO
paspylleHHs 110 apMarype.

» Kpurepun BTOpOro BHJa OLEHHBAIOT pa3pylIEHUs 3JIEMEHTa M0 OeTOHY 1O HACTYIUICHUS
TeKyudecTH B apMarype. Kpurepwuii, xapakrepusyromue Takoe pa3pylieHne, OTHOCATCS K KPUTEPHUSIM
IIPOYHOCTH 1O CKXaToM OeToHa.

Ha mepBoMm 3Tarme BBIUUCIAIOTCS SAPOBBIE MOMEHTHI OTHOCHUTEIHHO MOBEPXHOCTH BEPXHHUX

SAApPOBBIX TOdek M .. M

MM M

cx’ cx’ cxy"

Mcx}' A OTHOCHUTEIILHO HIKHEH IMOBCPXHOCTU AOPOBBIX TOYCK

cx’ cx’

ITocae sToro OMPCACIOTCA TJIABHBIC AAPOBBIC MOMCEHTBI OTHOCHTCIIBHO BerHeﬁ H,Z[pOBOfI

i
MOBEPXHOCTH M max i OTHOCUTEIBHO HHKHEH SPOBOI MOBEPXHOCTH M _ max.
min ‘min

OHpeI[eJ'IfIIOTCSI YIJIbl HAKJIOHA TUIOINAJAOK HNPHIIOKCHUS I'JIAaBHBIX AAPOBBIX MOMCHTOB O U

[IpencraBieHHblE KPUTEPUU MPOYHOCTH M (HOPMYJIBI IO MOAOOPY apMaTyphl 3aBUCAT OT
cxeM 00pa30BaHUs TPEIIMH pa3pyLICHHUS.

PaznuuatoT Tpu OCHOBHBIX CXE€MbI 00pa30BaHUs TPELUIMH pa3pyLIECHUS:

* Cxema «H» - TpemuHbl pazpyieHus: 00pa3yroTcs Ha HUKHEH MOBEPXHOCTH AJIEMEHTA.

* Cxema «B» - TpemuHb! pa3pyuieHus o0pa3yloTcsl Ha BEpXHEeH MOBEPXHOCTHU TUIUTHI.

* Cxema «HB» - Tpenunsl pa3pyuieHus o0pa3yroTcs OJHOBPEMEHHO Ha HUKHEW U BepXHel
MTOBEPXHOCTAX TUINTHI.

* Cxema «C» - TpemuHbl He 00pa3yroTes, HO BO3MOXKHO pa3pyIlleHHe HIEMEHTa OT CHKaTHsl.

[Tpu pacuere KOHCTPYKIIMI 1O MEpBOM rpymnmne npeaesbHbIX COCTOSHUI MPOYHOCTh OEeTOHa
Ha pacTsDKEHUE He yuuThIBaeTcs. B cBa3u ¢ atum cxema «H» - pa3pymieHne no HuKHUM TpeIuHaM
peannsyercs, eCiiu

r
!

M =0,M

c,Mmex —

=< 0.

c,max

Cxema pa3pyliieHusi 1o BEpXHUM TpeluHaM (cxema «By») peanusyercs, eciu
M < 0,M/ = (.

C.IMEx c,Mmax —

Cxema paspyllieHus IIpY HAJIUYUM OJAHOBPEMEHHO BEPXHUX M HWKHUX TpEIIMH (cxema
«HB») peanu3zyercs, eciy BHIIOIHAIOTCS OHOBPEMEHHO HEPABEHCTBA

M =0,M ___=0.

C.IMEx c,max
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Cxeme «C» OTHOCUTCS pa3pylICHHs] AJIIEMEHTOB, IJiI KOTOPBIX BBIMOJIHSIOTCS YCIOBUS
JIBYXOCHBIE CHKATHUSL:
i
M = 0, M = 0.

C,MMax C,Max
i

i/

M pin < O,M._ <0.

311eCh pa3InyaroTCs ABa CIydas pa3pyLICHUS:

G,Mmin

< M’ ;

c,min c,min ’

M. = M

cmin”

ciydaii | (pas3pymienue o rromany aeicTBust M, ..., ) M

ciyuaii II (pa3pymienue nmo miomaau AeHcTBUsS M’

comin canin

KawueBble cjoBa: KpUTEpUH MPOYHOCTH, IKEJIC300C€TOHHBIC IUIOCKHE JJIEMEHTHI,
o0pa3oBaHKE TPEIIUH.

MeToau po3paxyHKy HeCy40i 31aTHOCTO IMiACUJIEHUX 3a/1i300€ TOHHUX NepepisiB
0aJI0OK, MOXUJIMUX J0 MO3A0BKHbLOI 0Ci

1 . 2 3 .
Anopiiu Maszypak, “léean Kosanuk, "Bacunps Muxaiineuko,
123 IpBiBCHKHIA HAL[IOHATBHII ArPAPHUH YHIBEPCHTET

B crarti momaHi MeTOIMKH PpO3paxyHKy 3ali300€TOHHHX OaJOK 3a HECYYOI 3AaTHICTIO
noxmwiux  mepepiziB.  [IpoBeneHO TOPIBHSUIBHUN — aHAN3  pPe3y/lbTATiB  PO3PAxXyHKy Ta
€KCIIEpUMEHTAJILHUX JaHUX, 3p00JICHI BiAMOBIIHI BUCHOBKH.

[IpoGnema mocmiKeHb 3ali300€TOHHUX €NEMEHTIB 3a HECyuOr 3JaTHICTIO MOXHIIMX
nepepiziB  po3risganack HEOJHOPA30BO 3 BHUCYBAHHSIM BEITUKO! KUTBKOCTI  MPOIMO3HUIIIN 11100
PO3PaXyHKY, SKi BIAPIZHAIOTHCS OKPEMHMH TOJIOKEHHSMHU MPOEKTYBAHHS 1 MPUHIIUIIOBO PI3HUMU
miaxonaMu. AJDKe 1 ChOTOAHI 1€ TPHU3BOAUTH O BUKOPUCTAHHS HEIOCKOHAIUX METO/IIB
pO3paxyHKy, IO B OJHUX BHUMAJKaX CIPUYMHIOE TIEPEBUTpATy MaTepiaiiB 1  yCKJIaJHEHHS
apMyBaHHS, a B IHIIUX — He3a0e31euye HalliHICTh MPOEKTOBAHUX KOHCTPYKIIIH.

JI1st TeOpeTUKO-eKCTIEPUMEHTAIBHUX JIOCHIIP)KEHb BUKOPUCTAHO METOJUKH OIIIHKA HECY4Oi
3ATHOCTI MOXWJIMX IMepepi3iB, sKi Oa3yBaJuCh Ha BITYM3HSIHHUX Ta 1HO3EMHHMX HOPMAaTHUBHHUX
JOKYMEHTaX a TaKOK MPOIO3UIIISIM MO PO3PAXyHKY OKPEMHUX aBTOPIB.

Jis 3ami300eTOHHUX OaIOUHUX KOHCTPYKINiH, SIKi HE BUMAraroTh MOMEPEYHOr0 apMyBaHHS, MIIHICTh
Ha 3CyB Ta 3pi3 € TOJIOBHUM KpPUTEpIEM NPH MPOSKTYBAHHI.KOHCTPYKIIM iX MiJICHJIEHHI Ta PEMOHTI.
OCHOBHUMHU TPHYMHAMH PYHHYBaHHS, sKi BaKKO OLIHUTH MNpPU TNPOCKTYBAHHI € KPHXKa MOBEIiHKA
KOHCTPYKLiH B MPH OMOPHIN 30HI 3 YaCTKOBUM ab0 MOBHMM jAedopMyBaHHSIM MaTepiany. He3Baxaioun Ha
YHUCIIEHH] JOCTIKEHHS B i1 001acTi, OIiHKA MMOXWJIMX Mepepi3iB B apMOBAHMX 1 TIONIEPETHBO HAMPYKEHUX
3aI1i300€TOHHUX KOHCTPYKIIISX, 3QJIUIIAETHCS CKIAIHUM SIBHUIEM HACTUIBKH, M0 HHUHINIHI TiJIXOIU YacTo
3MYIIEHI TPUBOAUTHCH B EMITIPUYHUX 200 CIIPOIICHNX BUTIIAIAX.

[IpoBiBIIM  TEOPETHKO-CKCIIEPUMEHTATBLHUN  aHai3 JOCTIIPKeHHh HECydol 3/1aTHOCTI
CJIEMEHTIB MOXMJIMX J0 TMO3J0BKHBOI OCi HOpMaTHBHHM JokymeHTam Eurocode 2, FIB 2010b ,
kommmHix HOpM CHuIT 2.03.01-84* Tta merommku RILEM TC 162-TDF, moxna 3po0utn
BHCHOBOK, MO0 TIJXOMW O BH3HAYEHHS HECY4YOi 3JAaTHOCTI 3a TOMEPEYHOI CHUJIOK 3HAYHO
BIIPI3HSIOTHCS OJIUH BiJl OJTHOTO Ta MarOTh PO30DKHOCTI B METOIUIlN PO3PaXyHKY, Pe3yiIbTaTOM
YOro crajia He 30DKHICTh Mik cO000 3HaUeHb PO3PAXYHKY 33 PI3HUMH METOIMKAMH.
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Knrowuosi cnosa: 3anizobetonHa 0anka, Hecyda 37aTHICTh, TIOTIEpEYHE apMyBaHHS, MOXHUJI1
nepepizu.

Methods calculation bearing ability increase reinforce-concrete cuts beams,
sloping to longitudinal axis

'4.Mazurak, *I. Kovalyk, *V. Myhailechko
123 | viv national agrarian university

In the article the given methodologies calculation reinforce-concrete beams are after bearing
strength sloping cuts. The comparative analysis results calculation and experimental data is
conducted, corresponding conclusions are done.

The problem researches of reinforce-concrete elements after bearing strength sloping cuts was
examined repeatedly with pulling out plenty suggestions in relation to a calculation, that differ in
separate positions planning and fundamentally different approaches. In fact and today it results in
the use imperfect methods calculation, that in one cases causes the overrun materials and
complication renforcement, and in other is does not provide reliability the designed constructions.

For theorist experimental researches methodologies of estimation of bearing strength of
sloping cuts that were based on home and foreign normative documents and also to suggestions
upon settlement of separate authors are used.

For reinforce-concrete beam constructions that does not require transversal re-enforcement,
durability on a change and cut is a main criterion at planning. By principal reasons of destruction,
that it is difficult to estimate at planning there is fragile behavior of constructions in at a supporting
zone with partial or complete deformation of material. Without regard to numerous researches in
this area, estimation of sloping cuts in the reinforced and preliminary tense reinforce-concrete
constructions, it remains the difficult phenomenon so that present approaches often force to be
driven to empiric or simplified variants.

Conducting the theorist experimental analysis bearing strength of elements sloping to the
longitudinal axis to the normative documents Eurocode 2, FIB 2010b, former norms SNiP 2.03.01-
84* and methodologies RILEM TC 162 - TDF, it is possible to draw conclusion, that going near
determination of bearing strength after transversal force considerably differ one from other and
have fundamental divergences in methodology of calculation, by a result what not convergence
became inter se different methodologies of calculation.

Keywords: reinforce-concrete beam, bearing strength, transversal re-enforcement, sloping
cuts.

Metoasbl pacyera Hecyliei ClIOCOOHOCTH YCHJICHHBIX JKeJ1e300€TOHHBIX CeYeHNH 0asI0K,
HAKJIOHHBIX K NPOAOJILHOM 0CH
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Anopeit Masypax, - Hean Koeanuk, > Bacunuit Muxaiineuxo,

123 . . oo
JIbBOBCKUI HAIIMOHAJIBHBIN arpapHbIi YHIBEPCUTET
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B crartee mnpenacraBieHsl METOIUKM pacueTa Kele300€TOHHBIX OaJlok M0 Hecyulen
CMOCOOHOCTH HAKJIOHHBIX cedeHui. [IpoBeseH CpaBHHUTENBHBIM aHAIM3 PE3y/IbTAaTOB pacyera U
SKCIIEPUMEHTAJIbHBIX JIaHHBIX, C/I€IaHbl COOTBETCTBYIOIUE BHIBOBI.

[Tpobnema wuccienoOBaHUI JKENE300€TOHHBIX JJIEMEHTOB IO HECyIIed CHOCOOHOCTH
HAKJIOHHBIX CEYEHHUH paccMaTpuBaNach HEOJAHOKPATHO C BBIABIIKEHHEM OOJBIIOTO KOJIWYECTBA
IIPEIJIOKEHUH 110 PACYETY, KOTOPBIE OTIMYAIOTCA U OTIEIbHBIMU IIOJIOKEHUSAMU IPOEKTUPOBAHUSA U
IPUHLMIIMATIBHO pPa3HbIMM INOAXOAAMH. Benp M cerogHs 3TO NPHUBOAUT K HCIOJIB30BAHUIO
HECOBEPUICHHBIX METOJOB PAacyeTa, YTO B OJHHUX CIIydasX BBI3BIBACT IIEPEPACXO] MaTEPHAIOB H
OCJIO)KHEHUE apMHUpPOBaHMs, a B JPYruX - He OOecHeurMBaeT HaJEeKHOCTb IPOEKTHPYEMBIX
KOHCTPYKLIHH.

J1s  TeopeTUKO-eKCIEPUMEHTAIbHUX HUCCIIEJOBAHUM HCIIOJIb30BAHbI METOAMKM OLIEHKH
HECyIIel CIIOCOOHOCTH HAKJIOHHBIX CEUEHHH, KOTOpble Oa3MpOBAaINCh HA OTEYECTBEHHBIX U
MHOCTPAaHHBIX HOPMATHUBHBIX JIOKYMEHTaX a TaKKe IPEIJIOKEHUSIM II0 pacueTy OTAEIbHBIX
aBTOPOB.

Jis xene300eTOHHBIX OaJO4YHBIX KOHCTPYKLbIM, KOTOpble HE TpeOyloT MONEepeYyHOro
apMHpPOBAaHMsI, IIPOYHOCTh HA CIBHUI M CpPE3 €CThb IVIABHBIM KPHUTEPUEM IPHU IPOEKTUPOBAHUU
yCWIeHUn M peMoHTe. OCHOBHBIMHM IPUYMHAMHU pa3pyLICHHs, KOTOpbIE TPYAHO OLEHUTH IIPU
IIPOEKTUPOBAHUM €CTh XPYIIKOE MOBEIECHNE KOHCTPYKIUI B IIPU OMOPHON 30HE C YACTHUUHBIM WUJIU
MOJTHBIM JIe(OPMHUpPOBaHNEM MaTepHuana. HeB3upas Ha MHOTOYHCICHHBIE WCCIEIOBAaHHUA B STOU
00JIacTH, OILIEHKAa HAKIOHHBIX CEYCHHWH B apPMHUPOBAHHBIX W TMPEIBAPUTEIBHO HAIPSIKEHHBIX
KEJIE300€TOHHBIX KOHCTPYKIHUSAX, OCTA€TCSl CIOKHBIM SBJIIEGHUEM HACTOJIBKO, 4YTO HBIHEIIHNE
IIOJIXOJIbl YaCTO BBIHYKI€HBI IPUBOJAUTHCS B SMIIMPUUECKUX WM YIIPOLUICHHBIX BUAAX.

[TpoBenss TeopeTHKO-eKCIEPUMEHTAIBHUN aHadu3 MCCIelOBaHUNH Hecylled CHoCOOHOCTH
3JIEMEHTOB HAKJIOHHBIX K MPOJOJIBHON OCH HOpMaTUBHBIMHU JokymeHTamu Eurocode 2, FIB 2010b,
obiBine HopMbl CHull 2.03.01-84* u meronpiku RILEM TC 162 - TDF, MoXHO clienars BbIBOJ,
YTO MOJXOABI K OINpPENEeNIEHUI0 HEeCylled CIIOCOOHOCTH 3a IONEpPeYyHOW CHUJIONW 3HAYUTEIHHO
OTJIMYAIOTCS OJUH OT JPYroro M MMEIT NMPUHLMIHAIbHBIE PACX0XKJIEHUS B METOIMKE pacuera,
pE3yabTATOM YErO CTajla HE CXOAUMOCTb MEKIY COOOM pa3HbIX METOIUK pacdera.

KiaioueBble cjoBa: kene300eTOHHAS 6an1<a, HECylIas CHOCO6HOCTI>, IMOIEPEUHOC
ApMHUPOBAHUEC, HAKIIOHHBIC CCUCHMUA.
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