MIHICTEPCTBO OCBITU I HAYKU YKPAIHU

KUIBCHKMI HALIIOHAJIbHUI VHIBEPCUTET
BYIIBHULITBA TA APXITEKTYPU

P N ITOJILCbKA AKAJIEMISI HAVK
(ITPEJICTABHUIITBO B YKPATHI)

PSR A AR ATEMIA NAllk

POBOYA TIPOTPAMA TA TE3U JIOTIOBIJIEHN
Il HAYKOBO-TIPAKTUYHA KOH®EPEHIIIS

[MTPUCBAYEHA 35-i1 PITYHULII
ABAPIi HA YOPHOBUJIBCHKIN AEC

BYAIBJII TA CIIOPY/IHN
CIHEIIAJIBHOI'O ITPU3HAYEHHSA:
CYUYACHI MATEPIAJIM TA KOHCTPYKUII

22-23 kBitHA 2021 poky

KHIBCbKNI HAIIIOHAJIbHUM YHIBEPCUTET BYJIBHULITBA TA
APXITEKTYPU

VYkpaina, m. Kui, [ToBitpodmorcekuii mpocnekr, 31



OPI'AHI3ATOPU KOH®EPEHIIII

KNiBCHLKUI HAIIIOHAJIbHUY YHIBEPCUTET BYJIBHUIITBA TA
APXITEKTYPU

CHIBOPI'AHI3ATOPU KOH®EPEHIIIT
[MOJIbCHLKA AKAJIEMISI HAVK (ITPEJICTABHUIITBO B YKPAIHI)
KOH®EPEHIISA BIABYIETHCSH 3A YUACTI

MiHICTEpCTBO OCBITH 1 HAYKH YKpaiHu,
MiHictepcTBO 000pOHU YKpaiHu,
Axkaznemis OyiBHUIITBA Y KpaiHU.

HAYKOBUMH KOMITET KOH®EPEHIIIT

Kymnikos [1.M. — ronosa

XKypascbkuii O./].- 3aCTYNHUK FOJIOBH

Asizos T.H., Kaimos HO.A.,
baouu €.M., Kanmenko €.B.,
baxxenoB B.A., Jlanenko O.1.,
bambypa A.M., Hocoscbkuii A.B.
bapa6am M.C., [TaBmikoB A.M.,
bimuk C.1., [TymkapsoBa K.K.,
bnixapcekuit 3.4., CaBuupkuii M.B.,
bsmac M., CrembOepr I1.,
Bohdan Demchyna Cyxanesny M.B.,
['oponenpkuit O.C., Yepuumes /1.0.
Hopodees B.C., Mmyknep B.C.,
META KOH®EPEHIIIT

CucreMHe OCIIKEHHS MTPo0IeM IPOSKTYBaHHS, pO3PaXyHKY Ta eKCIuTyaTalii
OyJliBeJIb Ta CIOPY/] CIEHIAIbHOTO MPU3HAUYCHHS

MICHE NPOBEJEHHSA KOH®EPEHIIII

KuiB KuiBchkuii HallioHabHUN YHIBEPCUTET OYIIBHUIITBA 1 ApXITEKTYPH
[ToBiTpoduioTchkmil mpocmekT, 31.

Kondepenuisi Oyne npoBeaena y nucranuiHiin gopmi
Ha miardgopmi Microsoft Teams



TEMATHUKA KOH®EPEHIIII

* CyuacHi Oy/liBeJIbHI MaTepiaiu Ta TEXHOJIOTI] 1 Oy 1iBeb CIemialbHOTO
pU3HAYCHHS.

* Metoau po3paxyHKiB Oy/iBeJIb Ta CIIOPY/I.

* EkciepuMeHTalIbH1 JOCIIKEHHS KOHCTPYKIIH 11 Oy/iBEIIb Ta CIIOPY
CHen1aJbHOr0 NPU3HAYEHHS.

* [IpoexTyBaHHs Oy1iBeNb Ta CIIOPYJ CHEIIATHPHOTO MPU3HAYCHHS.
* TexHIYHUM CTaH, pEKOHCTPYKIIIS Ta IMICKIICHHS Oy IiBEJIb Ta CIIOPY/I.

* Komn'toTepHe MOenI0BaHHs KOHCTPYKLIM OyaiBeNb 1 CIIOPY]T CIIEHIaIbHOTO
npuzHadeHHs 3a gonomoroto [TK "JIIPA-CAIIP"

EKCHO3UIIMHA ITPOTPAMA

[lin 4Yac mpoBeneHHS KOH(epeHIil OakalouuM yYaCHUKaM HaJa€eThCs
MOMUIMBICTh JIJIS TIPE3EHTAIlll HAyKOBO-TEXHIYHUX PO3POOOK 3 OyaiBedb 1 CHOPY

CHEIabHOTO TPHU3HAYCHHS,  HOBITHIX OYIIBENbHUX MaTepiaimiB Ta BUPOOIB,
HAyKOBO-METOJUYHUX Ipalb Ta PpeKIAMHO-IHPOpMaLIHHUX APYKOBAHUX MaTEplaiB.
IIYBJIIKALII

3a pesynbraTaMud KOH(QEpeHIlii, KpamiM poboTam OyJe 3ampornoHOBAHO
omyOIiKyBaTH HayKoBI1 mpaiil B 8 Bumycky 30ipHHMKa HAayKOBUX mpais «byniBenbHi
KOHCTPYKIIii. Teopis 1 mpakTukay.

Jlo 30ipHMKa yBIAAYTh CTarTi, MO OYIyTh NOJAHI 1 BIANOBIZAIOTH YCIM
BUMOTraMm J10 OOpPMJIEHHS, MICTSITh HAYKOBY 1 MPAKTUYHY HOBU3HY.

BiamnoBigaapHICTh 3@ 3MICT Ta PEAAKINO HECEe aBTOP CTATTI.

OPTAHIBAIIIMHUN KOMITET

[kypatoB O.1. — ronosa (KHYBA) [HoBkiBcbka B.B. (KHYBA)
KomsakoBa B.M. — 3aCTynIHUK roioBu

(KHYBA) Bekcnsapebka T.B.(KHYBA)
Kypascbkuii O./1. (KHYBA)

bonnapenko O.I1. (KHYBA) Kypascrruii J1.0. (KHYBA)



HNAPTHEPU KOH®EPEHIIIT

OprkoMiTeT BUCIOBIIIOE HUPY MOISKY:

N

POLSKA AKADEMIA NAUK

.,

OIITHMA

JaaL




PETJIAMEHT KOH®EPEHIIIT

3axin
PeecTpauis
Binkpurrs
KOH(epeHuii, NJIeHApHe
3acigaHHs

ByaiBenbHi KOHCPYKUIL
Ta TEXHOJIOTII

CyuacHi OyaiBebHi
Marepiajan

Komn'torepue
MO/JEJIIOBAHHA
KOHCTPYKUIiH OyaiBeJb i
CIIOPY/ CNeHiaJbHOr0
NPU3HAYEHHS 32
aonomororo IIK "JITPA-
CAIIP".

Jara Yac npoBeaeHHs
22.04.2021 09:00-10:00
22.04.2021 10:00-13:00
Cekuisn 1

22.04.2021 14:00-18:00
Cekunisn 2

23.04.2021 10:00-13:00
Cekuin 3

23.04.2021 10:00-13:00

TpuBaJicTh BUCTYHIB:

[Tnenapni - 7o 20 xB.

Cexiigl — 10 10 xB.

Cekuisn 1.
Cekuis 2.
Cekuin 3.

3 ¢pinancoBux
NUTAHb

KOHTAKTH

Koaskosa Bipa MapkiBHa
bonpapenko Oubra IlerpiBHa

Bbapa6am Mapisa CepriiBaa

IloBkiBchka BikTopis BacuiiBaa

e-mail: knubazbk@gmail.com

IHocuiaanus

IlpueanaTuco, 10

KoHbepeHii

IpueanarTuck 10
KoHbepeHii

IpueauarTuck 10
KOH(pepeHii

IlpueanaTuch 10
KOH(pepeH il

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

066 460-00-01
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POBOYA NIPOIT'PAMA KOH®EPEHIIII

PEECTPALIA YUYACHUKIB
https://forms.gle/ WEVTMT7RhwsTB1Wr7

IIJIEHAPHE 3ACIJJIAHHS
Ilin’eqnaTuch 10 KoHbepeHil

22 xkBiTua 2021 p.

9:00 — Peecrparist y4acHHKIB
10:00 — Bigkputts KoH(EpeHIlii, mepiie mieHapHe 3aciTanHs
13:00 — ITepepna

1. Biransue cioBo ['omoBu HaykoBOTO KOMiTeTy, pektopa KHYBA
npogh. Kynixoe I1.M.

2. Bitanpae cnmoBo ['0y10BM opraHizallifiHOTO KOMITETYy, MPOPEKTOpa 3 HAyKOBOi POOOTH
KHVYBA.
npog. IllIkypamoe O.1.

3. Bitanbne cnoo Ilpe3naenra akanemii OyaiBHAIITBA Y KpaiHH
npo¢h., Hazapenxo I.1.

4. BitanbHe CJI0BO AUPEKTOpa IHCTUTYTY HpodiieM Oe3neku aToMHUX enekrpoctanuiin HAH
Ykpaiau
npogp., Hocoecokuit A.A.

5. IlepcriekTuBbl perieHHUs SHEpreTHYeckux mnpodsnem ['py3uum u YKpawHbl Ha OCHOBE
npumeHeHust ADC Masiol MOITHOCTH
k.m.H. T'ueunewnmeunu /1.4 (OO0 «IIPOI'PECHY, 2. Tounucu, I py3us)

6. Po3paxyHok criopy/1 B cucteMi "Ha3eMHa criopyza - (yHIaMEeHTHI KOHCTPYKLIi - TpyHTOBa
OCHOBa
npog. I'opooeuvkuii O.C. (TOB JIIPA-CAIIP)

7. CyuacHi pimieHHs 11 OyaiBHuLTBa KoHpaitmenty YAEC
oou. Ilanuenxo O.B. (TOB CIKA Ykpaina, KHYBA)

8. Bruan [{I1 H/IIBK y BupimeHHi HayKOBO-TEXHIYHHIX 3a7a4 3 JikBigarii aBapii Ha IV
osorti YoproOminscrkoi AEC.
npog. bamoypa A.M. (/{I1 Haykoso - docnionuii incmumym 0y0i8enbHux KOHCMpPYKYitl)

9. Ornsin mepcneKkTuB cyyacHoi GpopTudikamii
oouyenm, Muxanvuenko C.B. (KHYFA)

10. BuB KOMIOHEHTHOTO cKiagy Ha TpascroptT ioniB ClI” ta SO4% B muIakomysKHOMY
OeToHI.
acn. Bouko 0., c.n.c. Kosanvuyx O. (H{IBM, KHYFA)

11. Po3poOka TEXHOJOTIYHUX METOIB 3amo0iraHHs Ta MPUITMHEHHS JIY)KHOT KOpo3ii 0eTOHY
MIPY BUKOPUCTAHHI peakiifHO 3JaTHUX 3aIIOBHIOBAYIB.
acn. 3o3yauneus B., c.n.c. Kosanvuyx O., cm. Pyozeu /I. (H/[IBM, KHYbA)

12. Oninka Hecy4oi 31aTHOCTI 3a1i300€TOHHUX KOHCTPYKILIN B MPOLEC] X KUTTEBOTO IIUKITY 3
BUKOPHUCTAHHSM TexHoJorii BIM.
npog. bapabaw M.C. (TOB JIIPA-CAIIP)

13. CyuacHi eHeproe)eKTHBHI TEXHOJIOTIT B OYIBHUIITBI
npog. Hazapenxo 1.2, x.m.u Iepezineus 1.2, suxnadoay CniocapB. 3, (KHYEAY, ABY?, IHO
KHYBA?)


https://forms.gle/wEVTMT7RhwsTB1Wr7
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CEKIISA 1

«byodieenvHi KOHCMPYKUIi ma mexHonoziiy
IIpueaHaTuch 10 KoH(pepeHIrii

14:00 — CekuiiiHe 3acigaHHs

1. JlocnimkeHHs xapakTepy pyHHyBaHHS 3a11300€TOHHUX KOJIOH B MIPOCIUHINA 000iiM1
npo¢. HiImyxnep B.X, npogp. Iozoeee C?, k.m.n. Ilemposa O* (*XHYMTI ineni O.M. Bexemosa,
2YITTF im. Iepois Yoprobuns HYL[3 Vpainu)

2. ExcriepuMeHTaIbHO —T€OPETUYHI JTOCHIDKEHHS KOHCTPYKIIiH 17151 OyaiBeNb Ta CIIOPYI.
k.m.H. I'anonosa JI., (XHYMI imeni O.M. Bexemosa)

3. BapiatuBHwuii crioci6 momnryKy pamioHaJqbHOI KOH(Iryparii mimipHuX CTiH
npog. IlImyknep B., Kanmukoe O., (XHYMI imeni O.M. Bexemosa)

4. ExcriepuMeHTaIbH1 JOCIIHKEHHS TI0CKOT 3a11300€TOHHOT TUTUTH MiACHICHOT 30BHIITHHOIO
HaIMpyXEHOI0 apMaTyporo
k.m.H. Kypaecvkuit O., acn. Tumowyk B. (KHYBA)

5. beronu Ha OCHOBI MPOAYKTIB PEUUKIIIHTY Oy IiBEIHHUX BiIXOiB
acn. Cmupnoe A, npogp. Casuuyvkuit M., npog. Hixigpopoesa T. ([[BH3 [[/[AFA)

6. Ilixcunenns cpipbuacTUX apOK KOMIIO3UTHOK apMaTypPOIO Ha ENOKCHUIHOMY KIIEIO
npogh. Muxaitnoscokuit /I.B., acn. Aodypaxmanos Ill. (KHYFA)

7. NocmimxeHHs: €EKTUBHOCTI MIJCUICHHS BUCSUYNX METAIEBUX KOHCTPYKIIN HACKPI3ZHOTO
repepi3zy 30BHIMIHIM apMyBaHHSIM METOJIOM HaKJICIOBaHHS (i0pOapMOBaHUX CUCTEM
oou. Pyonesa I., (KHYFA)

8. Hogwuii Ge3neunuii koHaHMEHT — 10CBi KoMmaHii Sika
kep. nanpamxy I'iopoizonauia 3axapoe A.}, oou. Cooxo 0.2, (*TOB «Cixa Ykpainay,
2HY «JIbgi6cbka nonimexuixa»)

9. Hanpy:xeHno-nepopMoBaHU CTaH MOHOJIITHOTO PEOPUCTOTO MEPEKPUTTS CUIIOCY MPH
MaKCHMalbHUX HAaBaHTAKEHHSX
ooy. Adamenko B. (KHYFA).

10. AnkepyBanHs cTaneBoi GiOpHu 31 3arHYTHMHU KIiHIIMH Y IpiOHO3epHUCTOMY OETOHI
npog. Kinaw P12, acn. Bioenxo 1.2, (*HTY AGH y Kpaxosi (ITorvwa), > JTHAY)

11. OcobnuBocTi GararomapoBuX KOHCTPYKIINA 30BHIIIHIX CTIH
oou. Mazypax A., acn. Kanvuenko B., oouy. Maszypax O., (JIHAY)

12. Anami3 paMHUX BY3JIiB Tpy0O0OETOHHOT KOJIOHU Ta CTAJIEBOI OAJKK B aCTICKTI
MPOrpecy0vYoro pynHyBaHHS.
acn. Jlagcokun O. (KHYEA)

13. Ocob6nuBOCTI IPOEKTYBAaHHS BEPTOAPOMHOIO MaiilaHuMKa Ha J1axy OyiBii
npogh. Ilepuwaxoe B., npogh. benamunckuii A., npogp. Axkmanoinosea O. (HAY)

14. bankosa modenb npu po3paxyHKy MiYyHOCMI 3a1i300eMOHHUX NAUM NPU NPOOABTIOBAHHI
npog. Knimoe 10. (KHYFA)

15. [l{omo parioHaIbHOTO apMyBaHHS BY3JIOBHX 3’ €JHAHb MOHOJIITHUX TUTHT IMEPEKPUTTS 3
BEPTUKAIbHUMHU €JIeMEHTaMU
oou. Agpanacweeea JI., cmyo. Mockanenxo M. (KHYFA)
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16. Pe3ynbpTaThl SKCIEpUMEHTAIBHBIX HCCIICTIOBAHUNA THOKUX JKeJIe300€TOHHBIX KOJIOHH,
apMHUPOBAHHBIX BHICOKOTIPOYHOI apMaTypO.
ook.mexH.nayk /[ymkesuyu Maueii, oouenm I'punée B. (Vnusepcumem nayku u mexnuxu, (2. bviocow,
Tonvwa).

17. Tanensb 3 monepevHO-KJICEHOT IEPEeBUHU apMOBaHa KOMITIO3UTHUMH CTPIUKAMU
npog. Muxaiinosecvkuit /., acn. Komap M. (KHYFA).

18. TexHOJOr1UHI aCTIEKTH PEKOHCTPYKLII IPU MiACUICHH] 3a11300€TOHHUX KOHCTPYKIIiH
KOMITO3UTHUMH MaTepiaiaMu
maz. Jlucrok A., npogh. IllInaxosa I'. (KHYFA)

19. I'eonte3nyHMi MOHITOPHHT JieopMarliii KOHCTPYKIII OTOPOPKEHHS KOTIOBaHY Ta
MEPEKPHUTTIB MIPH PO3POOII KOTIOBAHY METOIOM «UP downy
acn. Akosenxo M. (KHYFA) .

20. BpaxyBaHHs peaibHUX Aedopmariiii pyHIaMEHTHUX KOHCTPYKIIIM BUCOTHOTO OyIMHKY
IIPYU YUCIIOBOMY MOJIEIIOBAaHHI HOT0 B3a€MOIIi 3 IPYHTOBOIO OCHOBOIO
oou. Hocenko B., acn. Kawoioa O. (KHYFA)

21.TT0s10KUCTI apKH 3 KJICEHOT IEPEBUHU apMOBaHI KOMIIO3UTHUMH CTPiYKaMU
npog. Muxaitnosecokuit /., ac.. Cknapoea T. (KHYFA)

22. BumpoOyBaHHS TEHTPaJIbHO-CTUCHYTOI KOJIOHH, BHKOHAHOI 3 TOHKOCTIHHHUX THYTHX
npodiniB
oou. I'nimin O. ac. Padeywvkuii C. (KHYFA)

23. TeopeTnyHi mapamMeTpu CTajaeBUX TOGpPOBaHUX OATTOK ONTUMAIBLHOT BUCOTH
oou. Jlaepinenxo JI. (KHYbA)

24. AcniekTH ynpaBiiHHS 3MiHAMH [IPU peaizalii 010MIMETHYHUX OY/iBEIbHUX MPOEKTIB
ooy. lllnaxoe A., npogh. llInaxoea I'. (KHYFA)

25. 3miHa Hampy>KeHb y 3a711300€TOHHUX (DyHIaMEHTaX 3epHOCYIIMIBHUX KOMIUIEKCIB IPU
BpaxyBaHHI TapaMeTpPiB IPYHTIB
oou. Ilionyyvkuit B., ac. Tumeun O. (KHYFA)

26. Hanpy>xeHo-nedopMoBaHnii CTaH HECYIHX KOHCTPYKIIIH HETIITHOT OyiBIIi 3
ctanediOpoOETOHHUMH TUTUTAMU TIEPEKPUTTS
ac. Ckopyk O. (KHYFA)

27. TlepcrieKTUBY HayKOBUX JIOCIIIKEHb 3 MOKIMBOCTIO BUKOPUCTAaHHS OirtogiTy ass Oyi-
BEJIbHUX MaTepiaiB.
oouy. /Kypaecvka H., (KHYBA)

28. TpiIMHOCTIMKICTh MOXMIINX NEPEPi3iB HEPO3PI3HUX OAJIOK 3 apMaTypPOIO HANIPYKEHOIO Ha
06eToH
oou. Kozax O. (KHYFA)

29. JlocaimKeHHS IpoIecy pO3AUICHHS OCaay MPOMHUCIIOBUX CTIYHUX BOJ 3 BHITYYCHHSIM
HIKEII0.
ooy. 3opsa 0., ooy. Tepnosues O. (KHYHA)

30. AnexBaTHICTb 1 B3a€MOBIUIMB KOHCTPYKTUBHUX 1 PO3PaxXyHKOBUX CXeM OyaiBIIi
npog. Kpinak B., oou. Konakoea B., inoc. /lemuenxo /1., (KHYFEA)

31. Komb6iHOBaHI MeTaioiepeB’siHi IBOTaBPOBi OaJIKH
oou. Cxnapoe 1. (KHYBA)



32. HamiBa”HaiTHYHUN METOJ CKIHYEHUX €JIEMEHTIB B JIHIMHUX 1 HENHIAHAX 3amadax
nedopMyBaHHS, pyiHYBaHHS Ta (POPMO3MIHEHHS IPOCTOPOBUX TNl 3 ypaxyBaHHIM HEKaHOHIYHOCTI
(opMU Ta CKJIaJHOI CTPYKTYpHU
npog. Maxcum’rox KO, ookmopanm Mapmuniok I., acn. Maxkcum’wk O. (KHYFA)

33. BuxopucranHs MiceBuX OyZiBeIbHUX MaTepialiiB mpu OyAiBHULITBI TOCTYITHOTO
MaJIOTIOBEPXOBOTO JKUTIIA
ooy. Tumoxk B, oou. Emenvanoea O. (KHYHA)

34. Po3paxyHOK 3a;1i1300€TOHHOTO CXO/IOBOTO MapIily Ha BOTHECTIHKICTh 13 3aCTOCYBaHHSIM
YTOYHEHUX METO/IB
acn. baiimana X, insc. /loneus T., kano. mexu. nayk @ecenko O. (11 «THITIBK»)

35. Oco0aMBOCTI MPOEKTYBAHHS CTajIe3a1i300eTOHHUX KOHCTpyYKLii 3rigno JJCTY-H b EN
1994-1
ooy. Ilocmepnax M. ac. Ilocmepnak O. (KHYBA)

36. Oco0aMBOCTI po3paxyHKy OyiBelb 1 CIIOPY/T 3 YpaxyBaHHSIM CTaJiil 3BeIeHHS
oouy. Cxopyk JI. (KHYBA)

37. Bukopuctanas MypTOBHUX 3’€JTHaHb 301pHO-MOHOJIITHUX CTOBMYACTUX (YHIAMEHTIB
npog. Toukaueee I'., acn. Hocau K. (KHYFA)

38 T'eome3nyHuii KOHTPOJIb CTilikocTi (yHIaMEHTIB NHpu OyAIBHMLTBI Ta eKCIUTyaTawii
BUCOTHOI OY/IiBIIi 32 1HAMBITyaJIbHUM IIPOSKTOM
npos.inxc. 3opin €.2, acn. Axogenxo M.*> (KHYEFA, TH/IFK)

39. KoHCTpyKTHBHE pillIeHHS AEPEBOMETANIEBOTO MEPEKPUTTS IJIs TIOpUIHUX Oy NiBeb
acn. beponukoe M., ooy. Illexopkina C., npog. Casuyvkuit M. (/[BH3 I1/[AbA)

40. OuiHKa CTIMKOCTI 10 MPOrpecyroyoro oOBaieHHs cTaHIlii TpaHCIOPTHOTO KOMIUIEKCY
mBiKicHOro TpamBarto 1o npoct. JI.Kyp6aca B m.Kuesi
K.m.H., Maxcumenxo B.II. (H/[IbB)



CEKIIIS 2

«CyuacHi OyoieenvHi mamepiaiu
IIpueanatuch 10 KoHdepeHuii

23 kBiTHa 2021 p.

10:00 — CekuiiiHe 3acigaHHs

1. Ximiuni TexHoJ0riT HaHOMOAUDIKAIllT IEMEHTHUX KOMIIO3HIIIHHIX MaTepiaiB.
npog. Cyxanesuu M., cm. Qoapuenxo /., cm. Ocmanosuu I. (KHYFA)

2. PapianiitHo-3aXMCHI BIIACTUBOCTI Ta pajiialliiHa CTIHKICTh IPIOHO3EPHUCTHX OCTOHIB.
oou. Anonko /1., oou. I'onuap 0., cm. Mapynuax M. (KHYHA)

3. AHaJi3 BIUIMBY yJapHUX HaBaHTAXCHb HA CTPYKTYPY IIAPIB MOKPUTTS JOPIT 3 MaTepialiB
Ha OCHOBI BUCOKOMOJICKYJIIPHUX MOJIMEPHUX CIHOIYK.
ac. I'openenko O. (KHYFA)

4. OxpeMmi acieKTH BU3HAYCHHS €()EKTUBHOCTI BOTHE3aXHCTy TKaHUH.
oou. bonoapenko 0., npo¢h. llanko IO., cm. Amayk A. (H{IBM, KHYFA)

5. IlepciekTuBM OTpHMMaHHS Cy4yaCHMX MarTepiajiB Ta BUPOOIB HA OCHOBI TEXHOTE€HHHUX
MIPOJYKTIB.
oou. I'onuap 0., ooy. Anonko /1., cm. Pyoszen /. (KHYBA)

6. TexHomorii BiIHOBJIEHHS 3aJ1i300€TOHHUX CIIOPY/l 3 BUKOPUCTAHHSAM HaHOMOAM(IKOBAHUX
LEMEHTHO-TIOJIMEPHUX PO3UMHIB.
npog. Cyxaneeuu M., cm. Tkau B., cm. I'aniya B. (KHYbA)

7. OcobnuBocTi MOPO30CTIHKOCTI oeToHy Ha OCHOBI MO (IKOBAHOTO
[IJTAKOTIOPTIIAH/IIEMEHTY.
oou. bonoapenko 0., cm. I'oy /., cm. Bpoooecvkuii C. (KHYFA)

8. JlocmimKeHHsT TepMIYHOTO pO3KJIaxy KapOOHATHOI IMMXTH Ta TPOIECiB (HOpMYyBaHHS
KEepaMiKH CIeIiaIbHOTO TPU3HAYEHHS.
oou. Kyniuenko B., ooy. Bimoseuvka T., cm. Peea O. (KHYFA)

9. Oco0nuBOCTI OTpUMaHHS O€TOHIB MIABUIIEHOI TPIMIMHOCTIMKOCTI JJI JOPOXKHIX
CTPUMYBATBHUX KOHCTPYKITiH.
oou. Kouesux M., cm. Illeguenxo A.

10. 3axucHi TOKPUTTSA Ha OCHOBI JY)XHOTO AJTFOMOCHIIIKATHOTO 3B’SI3YyIOUOr0 SIK 3aci0d
3ano0iraHHs TPAHCTIOPTY CyNb(paT-i0HIB B OETOHI.
oou. Koncmanmunoecovkuit O., cm. Tumincoxuii /. (KHYBA)

11. Ocob6nuBocTi riApaTaiii MiHepaJiB MOPTIAHALEMHTHOTO KIIHKEPY B MPHUCYTHOCTI
KapOOHATHUX JI00ABOK.
cm. Masyp B., npogp. Ilywixapuvosa K., ooy. Kywneposa JI. (KHYBA)

12. Ponb KaoNiHITOBOI TJIMHM B €BOJIOLIl CTPYKTypHM 1 BIACTUBOCTEH IIIAKOIYXKHHUX
LIEMEHTIB.
oou. I'enesepa 0., cm. Cxapnam C. (KHYBA)

13. BrumiB KHCJIOT Ta iX pO3YMHIB Ha (POPMYBaHHS CTPYKTYpH 0a3aIbTOBOTO BOJIOKHA.
ooy. beponux 0., ooy. Maiicmpenko A., cm. Conozyo A. (KHYFA)

14. Tlopomkogi 1akohapOOBi MOKPUTTS VIS 3aXUCTY BiJl KOPO3ii METAIEBUX KOHCTPYKIIIHI
oouy. Jlacmiska O., ooy. beponux O., cm. Tomin /. (KHYEA)

10


https://teams.microsoft.com/l/meetup-join/19%3a209011e218294b12b4d1019f51b8fea8%40thread.tacv2/1618148211618?context=%7b%22Tid%22%3a%2253accf99-0147-476b-a787-42337aeb7273%22%2c%22Oid%22%3a%2289d0daec-8ea0-4e5c-897b-50ce641347bd%22%7d

CEKLIIA 3

«Komn'tomepne mooeniogannus KoncmpyKkuyii 0yoieesv i cnopyo cneyiaibHo20
npusnauennsn 3a 0onomozoiw IK "JIIPA-CAIIP"»
IpueanaTuch 10 KoHdepeHuii

23 kBiTHa 2021 p.

10:00 — 15.00 — Cexkuuilige 3aciganus

1. Po3paxyHok crane3anizodetonHux koHcrpykuiit B [IK JIIPA-CAIIP
k.m.n. enzepcoxuit FO. (TOB JIIPA-CAIIP).
2. Meroau po3paxyHKy BOTHECTIHKOCTI 3ai11300eTOHHUX KOHCTPYKIIiH B [1IK «JITPA-CAIIP»
k.m.n., bawuncoka O. (TOB JIIPA-CAIIP).
3. Po3paxyHok 3anizo0eronnux koHctpykuii 3a JIBH B I1K JIIPA-CAIIP
k.m.n. I'enzepcoxuit 1O. (TOB JIIPA-CAIIP).
4. Ctep>KHEBi aHAJIOTH JJIs1 MOZEIIOBAHHS Oy 1iBEIbHUX KOHCTPYKITIH
K.m.H., Pomawxina M. (TOB JIIPA-CAIIP), acn. Tomawescokuit A. (HAY,, m. Kuig).
5. Itepamiiini ckinuensi enementu B [1IK "JIIPA-CAITP"
Kk.m.H. ITikyne A. (TOB JIIPA-CAIIP, KHYBA ).
6. 3agane apMyBaHHS, MOXJIMBOCTI peaizarlii Ta Bukopuctanus B [IK JIIPA-CAIIP
npos.inc. Timox B.I1. (TOB JIIPA-CAIIP).
7. MogpemtoBanHs manensHuX Oynisens B [IK CATIDIP
npoe.inc.mexu.niompumku, Jlazapee O. (TOB JIIPA-CAIIP),
inorc. mexu. niompumku, Apmamonosa O. (TOB JIIPA-CAIIP).
8. Excrieptuza 3amizoberonnux koHcTpykuiid y ITK «JITPA-CAIIP»
acn. Tomawescokuit A (TOB JIIPA-CAIIP, HAY, m. Kuis).
9. Oco6nMBOCTI NiF0Y0i HOPMATHBHOT METOJMKH PO3PAXyHKY TPIITHTHOCTIHKOCTI HOPMAITBHIX
nepepi3iB 3a11300€ TOHHUX KOHCTPYKITIH
k.m.n. [Imumpenko €. (TOB JIIPA-CAIIP, HYBIII, m. Kuis).
10. ®opmyBaHHS KpecieHb 3a1i300€TOHHUX KOHCTPYKTHBHUX efleMeHTiB B CATIDIP-3bK
inorc. FOcunenxo C. (TOB JIIPA-CAIIP).
11. MopentoBaHHA 3a1i300€TOHHUX KOHCTPYKLIH 3 BUKOPUCTaHHAM TexHousorii BIM.
dopmyBaHHS KpeclieHb 3113006 TOHHUX KOHCTPYKTUBHUX eneMeHTiB y CATIDIP-3BK.
npoe.inc.mexu.niompumku, Jlazapee O. (TOB JIIPA-CAIIP),
inotc. mexn. niompumxu, Apmamonosa O. (TOB JIIPA-CAIIP).
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TE3U JONOBIJAEN
CEKIIIA 1

«byoiseenvni koncmpykuii ma mexmnonozii»
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[MocesimaeTcs y4eHbIM, IeJaroraM 1 KoJuleraM 3aHHMAaBIINXCS
crpoutenscTBoM YADC u co3aarensiM NpoeKTa BTOPOTo
capkocara 4-ro 61oxa.

IlepcnekTHBBI pelieHUs JHePreTHYecKux npoodJem I'py3nu 1 YKpanHbl Ha OCHOBe
npuMeHeHusi AJC mManoil MOIIHOCTH

JIrconu Iuecuneinmeunu, Kanouoam mexHUYecKux Hayk, OOKMop UHICeHepuu, npogeccop
I'pysunckuii Texnuueckuti Ynueepcumem, OOO ,, IIPOI'PECH “.

B pabote mpociexuBaeTcsi TeCHasi B3aMMOCBSI3b CO CTPEMHTEIIbHBIM POCTOM YHUCJICHHOCTH
HaceJgeHuss 3eMJIM M CIPOCOM Ha JJIGKTpOodHepruro. Pabora mpemHaszHadeHa s TeX, KOTO
OCCIIOKOUT BIIMSIHUE YEJIOBEKA HAa OKPYXKAIOIIYI0 cpeay, Oyayliee MUpa U CyIIeCTBOBAHHE CaMOTO
yenoBeka. Kak u OOJIBIIMHCTBO CTpaH BO BCeM MHpe, ['py3uss ' YKpanHa CTOUT MEpel KECTKUM
BBEIOOpPOM HamOoJjee MeIeco00pa3sHOro MPUEMIIEMOTO W MEPCIICKTUBHOTO Pa3BUTHS MOTPEOISIEMBIX
BHUJIOB DHEPIUM JJIsl HYXKI HaceleHusa. B I'py3uu TpagullMOHHO aKUEHT AENaeTCs Ha pa3BUTHE
THIPOIJICKTPOCTAHIINM, OJHAKO CTpaHa HMMEET OOJbIINE MEPCIeKTHUBBI W BO3MOXKHOCTH JUIS
TapMOHUYHOI'O Pa3BUTHUS THIPOIHEPTETUKU U SAECPHON dHEPreTUKU. CTPOUTEIBCTBO COBPEMEHHBIX
MaJIbIX MOJYJIBHBIX PEAKTOPOB HAIOJITO PEIIMIO ObI HE TOJIBKO MPOOIEMBI YHEPTETHKH.

OcHOBHas 3ajadya COBPEMEHHOCTH, IO OOECIeYeHHUI0 OanaHca MEXJy BO3JCHCTBUEM Ha
9KOJIOTHIO, IOCTYIIOM K CYIIECTBYIOUIUM HPHUPOIAHBIM SHEPropecypcamM, ¢ y4eTOM COXpaHEHUs u
COCpEeKECHHsI OPTraHUYECKUX HMCKOMAEMbIX U Ne(PHUIMTHBIX y4acTKoB 3emiin?! OTBETOM SBIISICTCS
OCBOCHHE SKOJIOTUYECKH YUCTON U JOCTYITHOW BO30OHOBIISIEMOM SI/IEPHOM SHEPTUH JJIsI MHOMKECTBA
PETHOHOB 3EMJIH.

C 1980 mo 1990rr B I'py3um st HyXI CTPOUTEIHCTBA (B OCHOBHOM TIECOK W IIEOCHB),
no0ObIBalIM U mepepadaThiBasid 0a3abTOBBIE KAMHU B KoiaudecTBe 1.2-1.5MiH. M3 KaKIbIi TO/I.
Jlaxke mpu caMUX CKPOMHBIX MOJCYETaX, MPU 00OTallleHUH 3TUX PYJ, CTpaHa MOTJIA MOJIYYUTh OT
1500 mo 175tonH TmTaHa, 25-40TOHH Topus W 7-8 TOHH ypaHa, a TaKXke APYTUX IEHHEHIITMX
MartepuaioB [1,2,3]. TepmosiiepHas SHEPTHs CETOAHS TaKXKe HE SBISICTCS aOCOMIOTHO 0€30IMMacHOM,
OJTHAKO, TEOPETHYECKHU ATO BO3MOXKHO M TIOTpeOyeTCs, HABEPHOE, eMIE HECKOIBKO ACCATHICTHH, TS
JIOBEJICHUSI TEPMOSIACPHBIX YCTAHOBOK JIO IMapaMeTPOB HEOOXOAMMOW MpPOU3BOAUTEIHLHOCTH U
TeXHU4YecKol HanékHocTu. [loxoke, B OmmkalIMe roapl 4YeTOBEYECTBO OyJET HCIIOJIB30BATh
peakTophl Ha OBICTPBIX HEUTPOHAX, CKUTas IOCTATOYHO PACTIPOCTPAHEHHBIN ypaH U Topuil. PaboTsl
HaJl CO3JaHUEM TEPMOSAEPHBIX PEAKTOPOB HYKHO TMPOJOJKaTh, IMOTOMY YTO HMMEHHO UX
pa3paboTKa CMOKET JIaTh HOBBIN TOJYOK PA3BUTHIO YEIIOBEUECTBA Ha ONMKaiiiiee OyayIiee.

HeoOxoaumo o0beaMHEHHE BCEX YCHIMKA COBPEMEHHBIX M MHHOBAIIMOHHBIX TEXHHUYECKHX
penieHuid s co3nanus dPPEKTUBHBIX U HAEKHBIX YCTAHOBOK IS TPOU3BOJICTBA TEPMOSIICPHOMN
sHeprun. Ilocie perieHus: Toro Bompoca TepMOsIepHas dHEpPreTHKa OyJeT criocoOHa Ha MHOTHE
ThICSTUENCTHS W30aBUTH JIIOJIEH OT Yrpo3bl JHeprerudeckoro rojona. [Ipu Oosiee aKkTUBHOM
3aMHTEPECOBAHHOCTH JIIOJIE M 00IIecTBa YK€ CKOpPO TepMOsJIepHask dHEPTHs CTAHET Ha CIIYXOy
genoBedecTBy. OHAKO, M YCIEIIHOTO PEIICHHUS JTOW 3aJa4u MOTPeOyIOTCS MHOTOJICTHUE H
YIIOPHBIE YCWIHS YUYEHBIX U MHKEHEPOB MHOTMX CTPAaH MHUPA, YTO B MHTEPECAX BCETO YEIOBEUYECTRA.

1. TurunefimBumm JDkoHW. SlmepHast eHepreTWKa sl HAC HE HWMeEET albTepHATWBHL. Pecmybmmka ['pysms.
22.08.2007r. cTp.2-4.

2. TwuruneimBumu  JI.4.. bBasaneroBele kamHM [I'py3un. Hcropuueckas chmpaBka U HEPCHEKTHBHI
MIMPOKOMACIITAOHOTO TIPUMEHEHWS] W3JICNIMA Ha OCHOBE TIepepaboTku 0a3anbToB Ui pasHbIX oOsacTeit
MPOMBIIICHHOCTH U cTpouTenbcTBa. HayuHo-texanueckuii sxypHan «CtpoutenserBoy. Tommucn. Nel (50). 2019.
Crp. 6-17.

3. TwurunevimBumm J[.5I. CaBenxo B. “Hawano HOBo#t 3ppl mpuMeHeHHs Oa3ampTOBOTO KamHsa . Haydro-
TEeXHUYECKHH KypHaI BuHOXuIHKK U pannonanu3atop («Hayka u texaukay). Kues. Nel (125). 2019. Crp. 14-19.
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Dedicated to scientists, teachers and colleagues involved in the construction
of the Chernobyl nuclear power plant and the creators
of the project of the second sarcophagus of the 4th Block

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

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

Georgian Technical University.
Ltd PROGRESI.

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

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

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

From 1980 to 1990 in Georgia for the needs of construction (mainly sand and crushed stone),
was mined and processed basalt stones in the amount of 1.2-1.5 mIn. m3 every year. Even with the
most conservative estimates, when enriching these ores, the country could receive from 1500 to 175
tons of titanium, 25-40 tons of thorium and 7-8 tons of uranium, as well as other valuable materials
11,2,3/.

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

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

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

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

3. Hyhyneishvyly D.la. Savenko V. “Nachalo novoi arei prymenenyia bazaltovoho kamnia”. Nauchno-
tekhnycheskyi zhurnal «Vynokhydnyk y ratsyonalyzator» («Nauka y yekhnykay). Kyev. Nel (125). 2019. Str. 14-
19.
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JlocaizkeHHs XapaKTepy pyiHHYBaHHA 3a/1i300eTOHHUX KOJIOH B IPOCiYHii 000MI

Banepiii Illmyknep', 0okm. mexu. nayx, npog., 3ae. kagheopu 6ydisenvHux KOHCMPYKYill
Cepeiii IT030€€6?, 0okm. mexu. HayK, npog., 201061l HAYKOEULI CRIEPOOTMHUK
Onena Iempoea®, kano. mexu. nayx, cm. euki. kageopu 6y0ieenbHUX KOHCMPYKYill

lXapKiGCbKuﬁ HayioHanbHull yHigepcumem micokoeo eocnodapcmea imeni O.M. Bexemosa
2Yepracvkuii incmumym noxcexcroi 6esnexu in. Iepoie Yopnobuna HYI]3 Vrpainu

Po3rnsiHyTO Ta BHpIIIEHO 3aBJaHHS IOIIYKY pPaliOHAJbHOIO KOHCTPYKTHBHOTO PILIEHHS
3a11300€TOHHOI KOJOHM B 000HMI 3 NPOCIYHO-BUTSKHOTO JIMCTA, HIAKPIMIEHOI apMaTypHUMH
kubipimu [1]. IToGyioBa nmponenyp parioHanizanii 3aCHOBaHa Ha eKCIUTyaTalil migxoay OloHIYHOT
ONTHUMI3alll KOHCTPYKTHBY [2], (yHZOBaHOTO, B CBOIO YEpry, EHEPreTUYHHUMH KpUTEPISIMU
BacunbkoBa-llImyknepa. OTpumani pe3ysibTaTH MONEPEAHBOr0 YUCEIBHOTO aHai3y KOHCTPYKTHBY
B IIK «Jlipa» Oynu nani BepudikoBaHI NIISAXOM NPOBEACHHS EKCIIEPUMEHTAIBHUX HATYpPHHUX
JOCIiJKeHb. B X071 ekcrnepuMeHTaabHUX BUIPOOYBaHb PO3MIIIHYTO TPU cepil 3pa3kiB KOPOTKHX
OCTOHHMX KOJIOH Ha [0 CTaTHYHHUX Ta MAaJIOIMKJIOBUX BIUIMBIB IMpH 2-X cXeMax Iepeaaul
HaBaHTaxeHHA. BunpoOyBano uncro OeronHi 3pazku (BC-0, 61t.), OeTOHHI 3pa3ku B MPOCIUHIN
o0oitmi (BC-II, 6mT.), GeToHHI 3pa3ku B MpociuHii 0OoiMi 3 apmaTypHumH Kuiblsgmu (BC-ITLI,
6mrT.). Bucora 3paskiB ckianana 1000mm, niametp — 450mm. OTpuMaHo, 110 3pa3Ku B MPOCIUHIN
0001#iMi Ta B 000¥Mi 31 ITAHTOyTaMU BUTPUMYIOTh HaBaHTakxeHHs Ha 5-30% 1 23-40%, BinnoBigHO,
OlbIIIe, HK YMCTO OETOHHI 3pa3Ku B 3aJICXKHOCTI BiJ] CXeMH Mepeadi HaBaHTaKEHHS.

3 METOI0 OTpUMaHHS OUIBII JIETaNbHOI KAapTHHU PYHHYBaHHS OYyJO BUKOHAHO CKIHYEHHO-
€JIEMEHTHE MOJICTIIOBaHHS 3pa3KiB JOCIITHUX CEpid B Cy4aCHOMY MPOrpaMHOMY cepenoBuill «LS-
DYNA». OcoOnuBicTIO JaHOI CHUCTEMH € MOXIIMBICTH TOYHOTO OIUCAHHS 30HH KOHTAKTY
ckinueHaux enemeHTiB (CE), mo marote pizHy po3mipHicTs [3]. Jnsg maHoi 3amaui 1ie 0coOJMBO
BaXJIMBO, aJKE KOHCTPYKIIiS cKianaeThes 3 TpboxBuMipHux CE Oerony, noxsumipnux CE citku
Ta aOCOJIOTHO TBEPIUX Til T'yOOK mpecy. B pesynpTaTi MoaentoBaHHs Oyl OTpUMaHi K pyHHIBHI
HaBaHTAXECHHS, TaK 1 XapakTep pyHHyBaHHs 3pa3KiB B aHIMaIliifHOMY BUTIsAI (puc. 1).
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3pa3ok cepii BC-0 3pazok cepii bC-I1 3pazok cepii bC-IIIII

Puc. 1. Xapakrep pyiiHyBaHHS 3pa3KiB JUIsl HABAaHTAXXEHHS: Yepe3 TyOKH mpecy(3:1iBa) Ta yepes cTaiesi
OTOJIOBHHKH (CITpaBa)

CriBcTaBleHHSl pe3yibTaTiB HATYpHUX BHUIPOOyBaHb Ta MozentoBaHHI B «LS-DYNA»
MOKa3aJI0 TIOBHE SIKICHE CIHIBMAIiHHS KapTUHH pyiHyBaHHA. [loxmOka y BH3HAa4YeHHI PyHHIBHHX
3ycuiib cknaia 6mm3bko 20% ams pi3HUX 3pa3KiB Ta CXeM pyHHyBaHHS, IO MOB’S3aHO, TOJIOBHUM
YUHOM, 13 SIKICTIO BHTOTOBJICHHSI JIOCHIJHUX 3pa3KiB KOJIOH. 3arajioM, MOXXHAa BBaXKaTH, IO
noOy/loBaHa pPO3paxyHKOBa MOJEJIb MiJABHIIEHOI KOPEKTHOCTI 3[4aTHAa CTaTH BUIIPABIAHOIO
QIbTEPHATHBOIO CKJIAJHUM Ta BEJIbMH KOIITOBHMM HATypHUM 1 HaBiTh Ja00OpaTOpHUM
BUNIPOOYBAHHIM, a OTPUMaH1 pe3ybTaTy B3araji MiATBEPIKYIOTh €EKTUBHICTh 3alIPOINIOHOBAHOTO
KOHCTPYKTHUBHOTO PiIlICHHS.

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

2. llImyxnep B.C., Jlyruenko O.1., A.Haxem. UncenpHa Bepudikaiis 01HOTrO Miaxoay Oi0HIYHOT parioHaizarii
KOHCTPYKIiX. 30ipHUK HaykoBHX npanb YkpAY3T. Bum. 189. 2020. C. 37-53.

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

V. Shmukler?!, Dr.Sc., prof., head of the Department of Building Structures
S. Pozdieiev?, Dr.Sc., prof., chief researcher
O. Petrova?l, PhD, senior lecturer of the Department of Building Structures

10.M.Beketov Nationak University of Urban Economy in Kharkiv, Kharkiv, Ukraine
2Cherkassy Institute of Fire Safety named after Chernobyl Heroes of National University of Civil Protection
of Ukraine, Cherkassy, Ukraine

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

In order to obtain a more detailed picture of the destruction, a finite-element modeling of the
samples of the experimental series was performed in the modern software environment "LS-
DYNA". A feature of this system is the ability to accurately describe the contact zone of finite
elements (FE) having different dimensions [3]. This is especially important for this task, because
the structure consists of three-dimensional FE of concrete, two-dimensional FE of the mesh and
absolutely solid bodies of the press sponges. As a result of modeling, both the destructive loads and
the failure nature of the samples in the animated form were obtained (Fig. 1).
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Fig. 1. The failure nature of the samples for loading: through the sponges of the press (left) and through
the steel headers (right)
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Comparison of the results of field tests and modeling in "LS-DYNA" showed a complete
qualitative coincidence of the pattern of destruction. The error in determining the destructive forces
was about 20% for different samples and schemes of destruction, which is mainly due to the quality
of the prototypes of the columns. In general, we can assume that the constructed calculation model
of high correctness can be a justified alternative to complex and very expensive field and even
laboratory tests, and the results generally confirm the effectiveness of the proposed design solution.

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

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

3. Chiapetta, R.L. & Bartel, H.D.: Efficient Large Scale Non-Linear Transient Analysis by Finite Elements.
International Journal for Numerical Methods in Engineering, 10 (1976) 1. P. 579-596.
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ExcnepuMeHTANBHO —T€OPETHYHI T0C/IIIKEeHHSA KOHCTPYKILii 1J151 OyaiBesib Ta COPYA.

JIrwomuna I'anonosa, kano.mexu.nayx, ooyenm xagheopu 6yoigeibHuUx KOHCMpPYKYiil

Xapxigcokuil HaYiOHATbHULL YHIGEpCUMem MiCbK020 20Ch00apcmea
imeni O.M. bexemosa (m. Xapkis)

Meta  JOCHi/DKEHHS - BH3HAYCHHS  YCEPEIHEHOIO  TEPMIYHOTO  OMOpYy  3pa3ka,
EKCIIepUMEHTAIbHE BUBUCHHS PO3MOUTYy TEMIEpaTyp B Pi3HUX XapaKTEPHUX 30HAX SIK BCEPEAWHI,
TaK 1 Ha MOBEPXHI KOHCTPYKIIi 3 TOYKH 30py BH3HAUCHHS MOXJIMBUX 30H IPOMEp3aHHS 1
KoHjeHcaii Bosoru [1]. BunpoOyBanHs npoBoawiIncs B KJIIMaTHYHIN kaMepi Ha Ga3i maboparopii
kadenpu OyniBenbHuX KOHCTPYKIiH XHVYI'X imeni O.M. bekeroBa. 3oBHIIHIA BUTISAT 1
KOHCTPYKTHMBHA CX€Ma KJIIMaTUYHOI KaMepH HaBezieHi Ha puc. 1,2, 3.

Puc.1 — 3aranbHuit BUTIsin Puc. 2— YcraHoBka [uis BUIIpo-OyBaHb Puc. 3 - BuyTpimmHiit Buz
KIIIMaTUYHOT KaMepH KOHCTPYKTUBHO — aHI30TPOITHOI IUTUTH HIDKHBOTO BiJICIKY KaMepH

KnimMaTtnyna kamepa Maja B HIBKHbOMY BIJICIKY BEHTHJISITOP; JAaTYMK KOHTPOJIIO TEMIIEpaTypu
MOBITPSI B BEPXHBOMY Ta HMKHBOMY BiJICiKaX KaMepH; 00irpiBad; BiJICIK JUIsI HU3BKUX TEMIIEPaTyp
(cyxuit min); BumpoOyBaHuil 3pasok. I[lpum MopnemoBaHHi y 00’eMi KIIMaTHYHOI Kamepu
CTBOPIOBAJIUCS METEPEOJIOTIUHI MapaMeTpH, sAKi 3a0e3leuyroBaId YMOBH Yy KIIMATHYHINA Kamepi
JTIACHUM yMOBaM EKCIUTyaTallii Oropo/Kyro4oi KoHCTpykiii. [IpoBeneHi 4ucenbHi MOCTIHKEHHS
aHOMAJTPHUX KJIIMAaTHYHUX BIUIMBIB Ta aBapiiiHl TeMIiepaTypHi pexxumu (puc. 4, 5.) HecTarioHapHOT
TEMIEpaTypHOT 3a/1adi, B pa3i aBapiiHOTO BiJKIIOYEHHS CUCTEMH OIAJICHHS B XOJOAHY I'STUACHKY
1 3HIDKEHHSI TeMIIepaTypH BHYTPIMTHEOTO TOBITPS B mpuMimieHHi 10 + 5 © C Ha pedpi KOPCTKOCTI
KOHCTpYKIIi (Ipu MOCTiiHIi TemmnepaTypi 30BHIIIHBOr0 noBiTps -23°C mpotsrom 5 ai0) cBigyarh
mpo Te, MmO TeMmIepaTrypa Ha pebpi xopctkocti nocsirHe 0°C, B TOW e 9ac 1O BCIA IUIOMNI
KOHCTPYKIIII TeMIeparypa uepes 5 110 3MeHIIUThCs 10 3,9°C.

Puc.4. - [3omosns TemMnepatyp KOHCTPYKTHBHO- Puc. 5. - Hecrauionapuuii po3paxyHOK NpH aBapuitHii
aHI30TPOITHOM KOHCTPYKIIIT Y HApYKHIN Temreparypi cuTyallii, aHOMallbHa Hapy)kHa TemrepaTypa — 40°C.
Minyc 42°C payTtp. +18°C. BuyTpimias +5 °C HecrarioHap - 5 cyTok

UucenbHUN aHaNi3 pe3yNbTYIOUUX TEMIIEpPaTypHHUX IOJNIB JaHUX 3HAYeHb TEMIepaTryp Ha
MOBEPXHI KOHCTPYKIIi, IO KOHTAaKTy€ 3 HABKOJHUIIHIM CEpPEIOBHUIIEM 30BHIMIHBOTO TOBITPS
nokasye, 110 uepe3 3,5 TOJMHM Ha TMOBEPXHI KOHCTPYKIIi BCTAaHOBUTHCS CTaIllOHApHE
TeMmreparypHe mosie. AHaii3 iHpopMallii Mmoka3ye, Mo Hecydi KOHCTPYKIli [2] MaloTh J0IaTKOBI
MO3UTHBHI BJIACTHUBOCTI, MPO IO CBIAYUTH iX BUCOKMH TepMiuHuil omip. IIpM KOHCTPYKTHMBHIN
cxemi, ab0 TIpW YMOBI CTBOPEHHS IMapy TEPMOI30JIAIii 3 CHEIliadbHOI CyMimll, Il KOHCTPYKIIi
MalOTh MOXKJIMBICTh BHUKOPHUCTOBYBATHCSA $IK OTOpPOJUKYBalbHI (B JIOCUTh BEIIMKOMY I1HTEpBali
TEMIEepaTyp 30BHIIIHBOTO NOBITPst: -23°C<T<+41°C).

1. Tanonosa JI.B. PimienHs remnepatypHoi 3aiadi Jyisi HeoJHOPiAHOT OararouiapoBoi koHcTpykuii / JI.B. ['anoHoBa,
C.C. I'pebenuyk // 30ipuuk HaykoBHX npais «CydacHi TEXHOJIOTIT Ta METOIU po3paxyHKiB y OyaiBauiTB» JIHTY.
—2016. — Bum. 5. — C. 199-214.

2. Tlarent Ha xopucHy mojenb Ne89464 Vxpaina, E 04B 1/B (2006.01) Kapkacua Oymins «Monodant» / B.C.
HImyxnep, B.M. babaes, C.O. byraescekuii, K.B. bepexna, I.A. Kapsikin, B.1. Kongpamenko, .M. Ceipcki. — Ne u
2013 11919; 3asBka 10.10.2013; myomikaris 25.04.2014. bromx. Ne§.
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Experimental-theoretical studies of structures for buildings and structures.

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

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

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

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

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

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

=
=
=
]
-]
H]

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

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

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

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

Banepiu IlImyxnep, 0okm. mexH. HaAyK, npodh., 3as. kageopu 6y0iseibHUX KOHCMPYKYIU
Onez Kanmukos, xano. mexun. Hayk, cm. 8uki. Kageopu 6yoigebHUX KOHCMPYKYill

Xapxiscokuil HayionanvHuil yHigepcumem micokozo eocnooapemea imeni O.M. Bexemosa

KoHcTpykTHBHI eneMeHTH OyaiBenb 1 Copy[, sIKi CHpUAMArOTh OIYHHMM THUCK BiJl CHITy4OTO
CEpeIOBUINA, BIAHOCATHCS [0 TaKUX CHCTEM, B SIKHX BEJIMYMHA 1 XapaKkTep HaBaHTA>KEHHS
Oe3mocepelHbO  3aleXaTh BiJ KOH(QIrypamii TOBEpXHI KOHCTPYKLIi, $Ka cHpuiiMae 1e
HaBaHTWKCHHS. SIKIIO TMOBEPXHI KOHCTPYKINi, IO cOpuiiMae OIYHUKA THUCK BIJ CHITy4OrO
cepeloBUINa, HA/laTH BiAMIHHUH BiJl IUIOLIMHA 0OpHC, XapakTep O14YHOTO THCKY NpUKME BiAMIHHUN
BiJl KJIJACHYHOTO TpUKYTHHKA po3nonin [1]. CkazaHe € mpuUBOIOM JUIsl PO3MIISLLY HpoOJieMH, II0
MOJISITAa€ B MOLIYKY 30BHIIIHBOI reOMETpii KOHCTPYKIIIi, SIKa 3a/1a€ HAWOUIBII MPUHHATHUN PO3MOALT
OIYHOTO THCKY CHITY4OTO.

[TocranoBka 3amaui Oa3yeThCsl Ha TIMOTE3ax 1 MPUITYIIEHHX, BiAmoBimHux Teopii Kymona.
PosrnsnaeTscs kKpuBoiHiliHA 000JIOHKA (MIAMIpHA CTiHA), IO YTPUMYE MACHUB CHITy4Oro. 3TigHO
NPUAHATHX TIMOTE3 3ajada pO3TJIIAEThCA K IUIOCKA, a PO3PAaXyHKOBA CXEeMa SBIIE COOOIO
YKOPCTKO 3a/IJTaHUK 01711 OCHOBHM KPUBOJIIHIHHUN KOHCOJIBHHM CTEPKEHb.

B mpononoBaHoMy migxofi mependadaeThes qUQEpeHIialis TOCHiIKYBaHOT KPUBOTIHIHHOT
CUCTEeMH Ha N IiHIHHUX eneMeHTiB. [Ipu 1pOMy, €JeMEHTH MaloThb OJIHAKOBY BEPTHKAJIbHY
npoekuito h, a cucrtema B 1{IoMy Ma€e 3a/1aHi 30BHIIIHI F€OMETPUYHI TAPAMETPH - TOPU3OHTAIBHY
(B) i BepTukansny (H) mpoekitii. KoykeH eleMEeHT Ma€ BJIaCTUBUI TUIBKK HOMY KyT HAXHITY di, AKAKH
JIKUTH B Alana3oHi ai € [¢; 90 °], ne ¢ - KyT BHYTPILLIHBOTO TEPTS CUIy4OIr'0 CEPEIOBHILA.

Jlnst momyKy parioHanbHOI KOHGIrypamii crpuiiMarodoi OIYHHUN THCK CHITYYOTO ITOBEPXHIi
3aCTOCOBAaHMI EHEPreTUYHUI MiaXiJ, 3alpoloOHOBaHMW Ta apryMeHToBaHUl B poboti [3].
BBaxaeTncs, mo cepexn yciel MHOXHHM KOH(DIrypariii JOCHiKyBaHOTO THITY ITIOBEPXOHb
pamioHaneHOi Oyne Ta, y skoi moreHmiiiHa eHepris nedopmanii (ITE/), B pamkax 3amaHux
00MEXEHb Ta MMPHU BapitOBaHHI 3MIHHUMU MTapaMeTpaMHu CUCTEMHU, 3aliMe MiHIMaJIbHE 3HAYCHHS.

IIpn 3amaHMX XapakTepuCTHKax cumydoro cepenosuiia BenuuuHa [IEJ] uepe3 Husky
anreOpalyHUX MepeTBOPEHB ONMMCaHa Yyepe3 KOMOIHAIIII0 KYTiB HAXWITY i KOXKHOTO 3 €JIEMEHTIB, a B
3araJlbHOMY BUTJISIII TaKuX KoMOiHamiii HeoOMekeHa Oesiniy. BapitoBanHs KoH}irypariero 6igHOi
MMOBEPXHI MiAMIPHOT CTIHK, MOXKJIMBO 3HAWTH TaKy ii reoMeTpiro, npu sikii BeauuuHa [1E]] mpuiime
MiHIMaJbHE 3HAYeHHS. TakuM YWHOM 3ajava 3BeJeHa J0 TMOIIYKY Takoi KOMOIHAMil o, TP SKii
BBEJICHHUI KpHUTEPii (B po3MIsiHYTiH moctanoBIli - [TEJ]) 3aiime cBoe MiHIMaabHE 3HAYCHHS.

Peamizamiro pimieHHs TOCTaBIEHOI 3agadi BUKOHAHO METOJOM HAaBEICHOTO Tpajli€HTa B
cepenoBuie Microsoft Excel, uwepes nanOynoBy «Ilomyk pimenHs». [IponoHoBaHHMA mmiaXia
BITKPUBA€E MOXKJIMBICTh BHU3HAYCHHS PAIIOHAIBHOI 30BHINIHBOI TeOMETpii KOHCTPYKIIH, IO
CIpUIMalOTh OIYHUI THUCK BiJ CHITYYOTO CepeIOBHIIIA.

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

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

3. B.C. llImyknep, FO.A. Kiiumos, H.II. Bypak, KapkacHble crcTreMbl OOJErdeHHOro THIA. XapbKOB: 30JI0ThIE
ctpanwuiipl, 2008, 336 c.
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Variative method searching rational configuration of retaining walls

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

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

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

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

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

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

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

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

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

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

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

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

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

4. V.S. Shmukler, Yu.A. Klimov, N.P. Burak, Karkasnyie sistemyi oblegchennogo tipa. Harkov: Zolotyie stranitsyi,
2008, 336 s.
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ExcnepumeHTaNBHI T0CTIIZKEHHS TVIOCKO]I 3271i300€TOHHOI IVIUTH
NiJICKJIeHOI 30BHIIIIHBOK0 HANIPYKEHOI0 AapMaTyPoIo

Onekcandp JKypascokuil, xano.mexH.Hayk, 3agioyeéay Kagedpu 3anizo0emoHHuUx ma
Kam SIHUX KOHCMPYKYIU
Bnaoucnae Tumowiyk, acnipanm kageopu 3anizobemonHux ma Kam ssHux KOHCMpYKYitl

Kuiscokuii Hayionanvrnui ynisepcumem 0yoisnuymea i apximexmypu (m. Kuig)

Meta noChiKeHHsI — MPOBECTH MOPIBHSHHS POOOTH EKCIEPUMEHTAIBbHOI Ta TEOPETUYHOI
MO, a TaKOXX MOPIBHSHHS EKCIIEPUMEHTAIBHUX JTaHUX 3 TEOPETHUUYHHMMH, IO OTpHUMaHI B
pe3yNbTaTi HEeTIHIHHOTO PO3paxyHKy. 3OBHINIHIM BUTIISA 1 KOHCTPYKTHBHA cXeMa 3alli300eTOHHOL
IJTUTU gaBez[eHi Ha puc. | Ta 2.
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Puc.1 - 3arampHuit Burmsg 3anizo0etoHHoi mtu Puc.2 - Po3paxyHkoBa Mojeib 3alli300€TOHHOT
MiACHUIIEHOT 30BHIIIHBOIO HAMIPY>KEHOIO apMaTyporo IUIUTH TiACKUICHOI 30BHIIIHBOIO HAIPYKEHOIO
apMaTyporo
ExcniepumMenTanbHa Mojiennhs Oyiia BUKOHaHa Ha 6a31 mabopaTopii kadenpu 3ami300€TOHHUX Ta
KaM’STHUX KOHCTPYKIii KHiBChbKOro HalliOHAJILHOTO YHIBEPCUTETY OYAIBHUIITBA 1 apXITEKTYPH.
Kiac 6erony C 35/40. ApmyBaHHS IIUTH 3BapHa citka @ 3 MM 3 kpokom 100x100 mMm.
Kpox xosnon — 1000 mm.
ToBmmAAa IIATH — 25 MM.
[HuKaTOpH Ui BUMIPIOBaHb — TOJAMHHUKOBOrO Tumy. s nedopmanii 3 MiHOKWO MOAUTKA
0,001 mm, mst mporuniB 0,01 mm. baza nnst iHaukaropiB aedopmariiii L=250 mm.
HaBantaxxeHHs Oys10 MOAiIEHO Ha 4 eTany :
- 1 eTan — cymapHe HaBaHTa)keHHA 251 KT.
- 2 eTamn — cyMapHe HaBaHTa)XeHHA 581 kr.
- 3 eTan — cyMapHe HaBaHTaXEHHA 677 K.
- 4 eramn — cymMmapHe HaBaHTa)XeHHA 773 K.
HaBanTa)keHHST CTBOPIOBAJIOCS 3a JOTIOMOTOI0 CTAJIEBUX MPYXHWH Baroto Big 15 mo 19 kr, Ta
MIIIKaMH 3 MICKOM Baroto 3 Kr.
B pesynbrarti ekcriepuMeHTy OyJio BCTAaHOBJIEHO BiJIMOBIAHICTD PE3YJIbTATIB PO3PAXYHKOBUM.

1. Xypascekuit O.J]., Tumomyk B.A. Po3paxyHOK TUIOCKHX 3alli300€TOHHHUX IUIHT, MiJICHICHUX 30BHIMTHBOIO
HaInpyXeHow apmaryporo. byniBenbHi koHcTpykuii. Teopist 1 mpaktuka: 36. Hayk. mp. KuiB, KHYBA, 2017.
Bun.1., ¢.193-198.
2. Kypascokuii O.J]., Tumomyx B.A. [ocmimkeHHs MIOCKOT 3a1i300€TOHHOT IUIMTH MiJICHIEHOT 30BHILIHBOO
Harnpy>XeHolo apmarypoto. byniBenbHi koHcTpykiii. Teopis 1 mpakruka: 30. Hayk. np. Kuis, KHYBA, 2020.
Bun.7.c.4-11.
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Experimental research of the flat reinforced concrete slab
with strengthening by external prestressed reinforcement

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

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

Kyiv National University of Construction and Architecture

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

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

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

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

Step of columns - 1000 mm.

Plate thickness - 25 mm.

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

The load was divided into 4 stages:

- Stage 1 - total load 251 Kkg.

- Stage 2 - total load 581 kg.

- Stage 3 - total load 677 Kkg.

- Stage 4 - total load 773 Kkg.

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

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

1. Zhuravskyi O.D., Tymoshchuk V.A. Rozrakhunok ploskykh zalizobetonnykh plyt, pidsylenykh zovnishnoiu
napruzhenoiu armaturoiu. Budivelni konstruktsii. Teoriia i praktyka: zb. nauk. pr. Kyiv, KNUBA, 2017. Vyp.1.,
5.193-198.

2. Zhuravskyi O.D., Tymoshchuk V.A. Doslidzhennia ploskoi zalizobetonnoi plyty pidsylenoi zovnishnoiu
napruzhenoiu armaturoiu. Budivelni konstruktsii. Teoriia i praktyka: zb. nauk. pr. Kyiv, KNUBA, 2020. Vyp.7.5.4-
11.
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beTroHun Ha 0CHOBI NPOAYKTIB peUMKJIIHTY OyaiBeJIbHUX BiIX0iB

Aumon Cmupnoes, acnipanm,
Muxkona Casuubkuii, 0.m.H., npogh., pekmop,
Temsana Hikigpoposa, 0.m.u., npo., oexan byodisenvrozo ¢haxyromemy,

lepoicasrnuil suwuti HABYAILHUL 3AKIAO
«IIpuoninposcvka depaicasna akademis O6yodieHuymea ma apximexmypuy (m. /[ninpo)

VY 2017 p. KMY cxBanenHo HarmionanbHy cTpareriro ynpasiiHHS Bixogamu B YKpaiHi 10
2030 p. Ha tperbomy etami ii peamizamii (2024-2030 p.p.) nependadaeThcsi 3MIHCHEHHS 3aXO/liB
1010 MOJIEpHi3allii MaTepialbHO-TEXHIYHOT 0a3u 3 mepepoOIeHHs Ta yTHiIi3amii BIIXO/IB, a caMe:
MPUMHSTTS HOPMATUBHO-TIPABOBUX aKTIB JUIsl CTUMYJIIOBAHHS NEepepoOIeHHs BIAXO/1IB, CTBOPEHHS
e(peKTUBHOI 1HQPACTPYKTYPH TOBO/DKEHHS 3 OyIIBENbHUMM BiJIXOAAMH, BKJIIOUEHHS IUIAHIB
yHOPaBIiHHSA BIXOAAMHU JIO IPOEKTHO-KOILITOPUCHOT TOKYMEHTALll].

3 iHmoro OOKy, HE3BaXKAaIOUM Ha BUCOKY €HEPrOEMHICTh BUPOOHMIITBA, OETOH 3aJIUILAETHCS
HaWNOIIMPEHIIUM OyIiBeJbHUM MaTepiajioM. JIOTIYHMM € NMHUTaHHS MOKJIMBOCTI 3aCTOCYBAHHS
noipiOHeHoro OyiBeIbHOr0 OPyXTYy 3aMiCTh BUKOITHUX CKJIAJI0BUX OETOHHUX CyMiIIEH.

BceranoBieno, mo miJ 4yac BUPOOHUIITBA KPYIHOTO 3allOBHIOBaua 3 OETOHHOTO OpyXTy
BUTpavyaeThCsl B 8 pa3iB MEHIIE €Heprii, HiK Ha BHJIOOYTOK NHPUPOAHOro medOHs. PesymbraTtn
nociipkenb [1, 2] cBimuaTh, 110 3acTOCYBaHHS MIeOHS 3 OETOHHUX BIIXOJIB B KOMOIHAmMIi 13
KBapIIOBUM IIICKOM B SIKOCTI ApIOHOTO 3alOBHIOBaYa MPAKTHYHO HE 3HUXKYE (Di3MKO-MEXaHIuHI
BJIACTUBOCTI OE€TOHY MOPIBHIHO 3 OETOHOM Ha MPUPOJHOMY IIeOHI. 3a pe3yibTaTaMu JOCI1KEHHS
[3] BcTaHOBNEHA BiAMOBIAHICTH 36PHOBOIO CKJIAQy BTOPHHHOIO IIEOHS Pi3HHX (pakiiii BUMOram
JACTY b B.2.7-75-98.

B po6Goti [4] 3a3HavaeThCs, L0 BaXKIMBOIO YMOBOIO OTPUMAHHS SKICHOTO OETOHY €
COpPTYBaHHSI OAPIOHEHOTO OETOHHOTO OPYXTY.

B nocnimxenni [5] BUKOHyBalIMCh BHIPOOYBaHHS CaMOYIIUIbHIOBAIBHUX OCTOHIB 13
3actocyBaHHsM 100% BTOpuHHOTO ApiOHOTO 3amoBHIOBada. B  3ajmeXHOCTI BiJ YacTOK
IIacTU(IKATOPIB Ta KPYIHOTO MEpepoOISHOro 3all0BHIOBaYa OTPUMaHi MIIHOCTI Ha CTUCK Bif 32
no 57 MIla. Tako BHUSBJICHO, IO 3aCTOCYBaHHS OUIBIIOI YaCTKW BTOPUHHHX 3allOBHIOBAYIB
MPU3BOJUTH J0 3HI)KEHHS TEIUIONPOBIAHOCTI OETOHY.

V 3BiTi [6] 32 pe3yabTaTamMu OaraThOX JOCHIHKEHb CPOPMYIIbOBaHI 0COOTUBOCTI OETOHIB Ha
BTOPUHHOMY KPYITHOMY 3allOBHIOBAYi:

— BOJIOTIOTJIMHAHHS BTOPHHHOTO 1IeOHs B 5-10 pa3iB Oinblle 3a HATypaNbHUH 1e0iHb;

— BIUIMB BTOPHHHOTO 3amoBHIOBaya dYacTkoio 20-30% Big Macu BChOTO 3alOBHIOBaYa

HE3HAYHUM;

— TIOPHUCTICTh BTOPUHHOTO 3alOBHIOBAYa MPOTATOM 5 POKiB 3MEHIIY€eThes Ha 45%;

— TpU OJHAKOBOMY BOJIO-IIEMEHTHOMY CITiBBITHOIICHHI KapOOHi3allisi Ta MPOHHKHICTDH
XJIOPHU/IiB BUIII B OETOHAX HA BTOPUHHMX 3aIlIOBHIOBAYAX.

1. besrogos U.M., [Taxparnunor A.A., Tkau E.B. ®usnko-MexaHHYECKIE XapaKTEPUCTHKH OETOHA Ha McOHE U3
npobneroro 6etona. Becmuuxk MI'CY. Mocksa, 2016, Nel0, C.24-34.

2. IlleBuenxo B.A., IlarpoBa C.A. HccnenoBanne BO3MOXXHOCTH IOJyYCHUS 3aMOJIHUTENS AJIsl OETOHOB M3
06eToHHOTO JIoMa. Dnoxa Hayku. Aauuck, 2017, Ne9, C.165-168.

3. Tonoun H.I'., Anumos JI.A., Boponun B.B. [Ipobnema yrunnzaimn xene3o0eToHa 1 Mouck 3pdexTHBHBIX
myTeit ee pemenusi. Becmuux MI'CY. Mocksa, 2011, Ne2. C.65-71.

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

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

6. Hannele Kuosa. Reuse of recycled aggregates and other C&D wastes. Research Report VTT-R-05984-12.

23



Concretes Based on Recycling Products

A. Smyrnov, 1st year postgraduate student
M. Savytskyy, Doctor Sc. (Techn.), Prof., Rector of the PSACEA
T. Nikifirova, Doctor Sc. (Techn.), Prof., Dean of the Faculty of Construction of the PSACEA

Prydniprovska State Academy of Civil Engineering and Architecture, Dnipro

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

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

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

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

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

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

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

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

negligible;

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

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

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

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

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

4. Richardson A.E., Coventry K., Graham S. Concrete manufacture with un-graded recycled aggregates.
Structural Survey. Bingley, UK, 2009, No27. P.62-70.

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

6. Hannele Kuosa. Reuse of recycled aggregates and other C&D wastes. Research Report VTT-R-05984-12.
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ITincuneHHs CTPIILYACTHX APOK KOMIIO3MTHOIO APMATYPOI0 HA €MOKCHIHOMY KJIeI0

Jenuc Muxaiinoscokuii, 0.m.H., npogecop «rageopu memanesux ma Oepes sIHUX
KOHCMPYKYIU
1Llleekem A60ypaxmanoe acnipanm Kagheopu memanesux ma 0epes ssHux KOHCMPYKYitl

Kuiscokuii hayionanvruil yHieepcumem 0yoienuymea i apximexmypu (m. Kuis)

Bucoki Temnu Ta piBeHb Cy4acHOro OyAIBHULTBA Hpei SBISIOTh SKICHO HOBI BUMOTHU [0
OyIiBelNbHUX MaTepiaiiB Ta KOHCTpyKUid. [Ipu npomy Benuka yBara npuauIS€Thcs BUPOOHULITBY
CY4YaCHHUX KOHCTPYKLIN KJIC€HUX JepeB’sHUX. Taki KOHCTPYKII uyepe3 psJi TeXHIKO-€KOHOMIUYHUX
MMOKA3HUKIB JIOMIHYIOTh HaJl METAJIEBUMHU Ta 3aJ1i300€TOHHHMMH, a caMe: MAalOTh Mally MOHTaXHY
Macy, BiIHOCHO BUCOKY MILIHICTb Ta >KOPCTKICTb IIPU AOCTATHIN HAaIIHOCTI Ta JTOBrOBIYHOCTI.

OnuH 13 NUIAXIB YCYHEHHsS] HEOJIKIB Ta IMiIBUIIECHHS TEXHIKO-E€KOHOMIYHOT €()EKTUBHOCTI €
apMyBaHHS Iepepi3iB KOHCTPYKIIH 3 KJI€€HOi JepeBUHN KOMIIO3UTHOIO apMaTypoto. Lle no3Boisie
CYTTEBO CKOPOTHTH BHUTPATH [E€PEBHHHW, 3MEHIIMUTH MOHTA)XHY Macy, IiJBUIINTH SKICTh Ta
HaIMHICTh JAEpeB’sIHUX KOHCTPYKLIH, 10 MPALOIOTh B OCHOBHOMY Ha 3TMH Ta CTHCK 31 3TMHOM.
Bucoka MIIHICTP KOMIIO3UTHOT apMaTypH MPU HEBEJIMKIM MUTOMIM Ba3i, HECXWIBHICTh 0 KOPO3ii,
yHiKaJIbHa XiMi4Ha CTIHKICTh € OCHOBHUMH ii IepeBaraMu HaJi CTajeBoIo.

Ha cporomuinmHiii 7€Hb apMyBaHHS €JIEMEHTIB 3 KJICEHOI JCPEBUHHU CTAJIEBOIO apMaTyporo €
IPYHTOBHO JOCHI[UKEHUM 1 IIMPOKO BHKOPHCTOBYETHCSI MpPHU BUPOOHUUTBI  JIepeB’THUX
KOHCTpYKIiid. [IpoTe mnHMTaHHS BUKOPUCTAHHS KOMIIO3MTHOI apMaTypu MOTpedye IT0IaTKOBHX
JIOCJIIKEHD.

Mera noCHiPKeHb HOJSArae B MIJCHIEHHI €JIE€MEHTIB CTPUIbYACTHX apOK KOMIIO3UTHOIO
apMaTypoOIO Ha EMOKCUJHOMY KJIEHO, JJIs MiJBUILEHHS HECy4oi 3JaTHOCTI HmpU iX poOOTI Ha 3TUH
BHKOPHCTOBYIOYM METOAMKY 3a aHaioriero [1]. EneMeHT cTpiib4acTix apok 3 KICEHOI IepeBUHH
apMYIOThCS KOMIIO3UTHOIO apMaTyporo, /Ul IIbOTO BUPI3aI0ThCS ITPOOU AT YKIIaJaHHS apMaTypH,
TICJISE 9OTO BOHM 3alIOBHIOIOTHCS €TIOKCHJIHI KJIGEM 1 B HUX BKJIQJIAETHCS KOMITO3UTHA apMarypa.
(puc. 1.) ApmyBaHHSI J103BOJIsi€: 30UIBIINTH HECydy 3JaTHICTh, NMPH 30€pexeHHI TeOMETPUYHHX
PO3MipiB MOMEPEUHUX MEPEPI3iB.

S5 ApMyBaHHA
BEPXHBOI 30HH

aApMYBaHHs
" HIDKHBOI 30HU

Puc. 1. [lorepeunnii nepepis CTPiIbYACTOi apKH 3 KIICEHOT JIEPEBUHH,
apMOBAHOI KOMITIO3UTHOIO apMaTyporo

Ha ocHOBI mpoBeseHOro aHajiizy po3paxyHKOBHX MOKa3HHMKIB €KOHOMIYHOI €(eKTHBHOCTI
BCTaHOBJICHO JOIUIbHICTh BUKOPHCTAHHS CKJIOIUIACTHKOBOI Ta 0a3albTOINIACTUKOBOI apMaTypH B
KOHCTPYKIIISX 3 KJIEEHOT JepEeBUHM, SIKI eKCIUTYyaTyIOThCs B CIIOPYJIaX 3 arpeCUBHUM CEPEOBUIIIEM
abo 31 cnenudiYHUMH yMOBaMH pPOOOTH TEXHOJOTIYHOTO OOJagHaHHSA, IO 3a0e3medye HIo
KOpO3iliHy CTiHKiCTh, JOBIIMKA TEpPMiH EKCIUTyaTallii, Oe3lnepenikojHe NPOHMKHEHHS pajio- Ta
€JICKTPO-MarHiTHUX XBWJIb J10 OOJIaHAHHS.

1. 1. B. MuxaiinoBcekuii, M. A. Komap. IHkeHepHa MeTOAMKa pO3paxyHKy €JIEMEHTIB 3 KIEE€HOi JIepeBHHH,
apMOBaHOI KOMIO3UTHOIO apMaTyporo / Muxainosckuii J{. B., Komap M. A. // ByniBenbHi KOHCTpyKii, Teopis i
npaktuka N7 KHYBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - C. 93 - 100. — 128 c.
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Reinforcement of arrow arches with composite reinforcement on epoxy glue

D. Mykhailovskyi, of Doctor of Philosophy, Professor of the Department of Metal and Wooden
Structures
Sh.Abdurakhmanov, postgraduate

Kyiv National University of Construction and Architecture

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

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

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

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

apMyBaHHs
BEPXHBOI 30HA

apMyBaHHS
~ HHXKHBOI 30HH

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

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

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

kompozitou armaturou / Mykhailovskyi D. V., Komar M. A. // Budivelni konstukchii, teoria i praktika Ne7
KNUBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - S. 93 - 100. — 128 S.

26



AJIeKBaTHICTH | B32a€MOBIUINB KOHCTPYKTHBHUX i PO3PaXyHKOBHX cXeM OyaiBJIi

Bonooumup Kpinak, xano. mexun. nayk, npogecop kageopu 3anizobemouHux i Kam sHUux
KOHCMPYKYIU

Bipa Konsakoea, kano. mexH. Hayk, Ooyenm Kagheopu 3ani300emMOHHUX [ KAM STHUX
KOHCMPYKYIU

JImumpo /lemuenko, indcenep

Kuiscokuti nayionanvnuu yuisepcumem 6yoisnuymea i apximekmypu (m. Kuig)

Ha mpuxiagi 9-tu moBepxoBoi OyaiBii mapkiHry, noOyaoBanoi Ha moyatky 2000 pokiB Ha
miomi [Tepemoru B M. Kuesi, po3risHyTo neski mpoOiaemMu B poOOTI KOHCTPYKIIIH, K1 MOBsI3aHil 3
BUOOPOM PO3PaxXyHKOBUX MOJIENIEH, BAKOPHCTAHUX NPH iX MPOEKTyBaHHI. BUKOHYBaucs iepeBipHi
pO3paxyHKH IO BHSBJICHHIO PE3EpPBIB MIITHOCTI B €JIEMEHTaxX Kapkacy 1 ¢yHAamMeHTax It
MOTEHIIATbHOT HAI0YTOBH.

KoHcTpykTBHO OyniBisi moOyjoBaHa B MOHOJITHOMY 3alli300€TOHHOMY 3B S3KOBOMY
Kapkaci mo Oe3purenbHii cxemi. BepTUKambHUMHM HECYYMMH €JIEMEHTaMH SBISIOTHCS MOHOJITHI
KoJIOHH Kapkacy mepepizom 500 x 500 mm 1 miadgparmu >xopctkocTi. PyHIAaMEHTH BUKOHAHI 3
OyponabuBHUX nasb d = 620 MM 3 OKpeMHMH 3a11300€TOHHUMHU pocTBepKamu (puc.l,a).

Komnonu 1 mani anpoKCMMOBaHI CTEPXKHSMH, TPUBEIACHUMH JI0 OC1 €JIEMEHTIB, a POCTBEPK —
IUTACTUHAMH, TPUBEIACHUMHU 10 CEPEIUMHHOI IUIOMMHHU 1 3’€IHAHUMM >KOPCTKHMMH BCTAaBKAMU
(puc.1,06). AHnamizyBaimcs 3yCWUIS B KOJOHaX MPU PO3PAaXYHKOBIA CXeMi 3 3alleMJICHUMH
KOJIOHaMHU B (hyHIaMeHTax (cxema Mo sKiii mpoeKTyBaBcs Kapkac OyIiBii) Ta MpHU CHUIbHIA poOoTi
KOJIOH 3 (PYHIaMEHTHHMMH KOHCTPYKIisIMU puc.l,r). Po3rmsmaBcs Takox BapiaHT KOJIHM JesKi,
OKpPEMO CTOsIY1 pOCTBEPKH, 00€THYBAITUCh Mk cO00I0 cTpiukamu puc.l,n).

Ha puc. 1 HaBeaeHi 3ruHaibHI MOMEHTH B MICIII TIPHEIHAHHS OAHIET 13 KOJIOH JI0 POCTBEPKY
MIPH Pi3HUX cIOc00ax MOJICIIIOBAHHS B3a€MO/IIT KapKacy 3 Q)YH‘{[al\/{veHTaMI/I 1 TPYHTOBOIO OCHOBOIO.

» : -

0) B)
Puc. 1. 3ruHanbpHl MOMEHTH B KOJIOHI:

a) KOHCTPYKIIist pyHIaMeHTy; 0) po3paxyHKOBa MOJIeb; B) IIPH 3alleMJICHHI B QyHIaMEHTI,
T') IPH B3aEMO/I1i 3 OKPEMHUM POCTBEPKOM; 1) IpU 00’ €THAHUX POCTBEPKAX.
PesynbraTy cTaTHYHUX PO3PaxyHKIB MOKA3aJdl 3HAYHUH MEPEepO3IOoIii 3yCHiIb B KapKaci MpH
pI3HHX crioco0ax MoJeoBaHHS poOOTH Kapkacy. SIKIIO IMO3I0BXKHI CHJIM B PO3TJISHYTIH KOJIOHI
Maiixke He 3MiHIThCS, Bim N = 3880 kH no N = 3470 xH (po306ixHicte B Mexax 10%), To
3THUHAJIbHI MOMEHTH PIi3HATBCS TyXe CyTTeBO, Big M = -20 kHm 0o M = 565 kHwm (puc.1, B, T).
3ruHa’gbHI MOMEHTH B TPOOJEMHUX KOJIOHAX MOYKHA 3HAYHO 3HU3HTH TMPU KOHCTPYKTUBHOMY
00’ € THaHHI BIJIMOBITHUX POCTBEPKIB 3 CYCITHIMHU 3113006 TOHHUMH CTpiukaMu (puc.l,m).
BucHoBku:
- BIUTMB CITUJIBHOI pOOOTH Kapkacy 1 GyHIaMEHTIB CyTTEBUH 1 IPOSBISIETHCS TUTBKH B MEXaX
JEKITbKOX HUXKHIX TTOBEPXiB KapKacy;

- PO3paxyHKH HECYYMX KOHCTPYKIIM Kapkacy cIiJi BUKOHYBaTH SIK CHCTEMU «OCHOBa —
(GyHIIaMEHT — cropy1ay;

- aJIeKBaTHA PO3PAXyHKOBA CXE€Ma J03BOJISE MMPOEKTYBATH HAJliiiHy KOHCTPYKTUBHY CHCTEMY
OymiBi.

1. Toponeuxuii A.C. u ap. [Iporpammusiit komruieke JINPA-CATIP 2013. Yuebnoe nocodue. -M.2013. -376 c.
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Adequacy and mutual influence of constructive and settlement schemes of the building

V. Kripak, candidate of technical Sciences, Professor, Department of Reinforced Concrete
and Stone Structures,

V.Koliakova, candidate of technical Sciences, Associate Professor, Department of Reinforced
Concrete and Stone Structures

D.Demchenko, engineer

Kyiv National University of Civil Engineering and Architecture

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

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

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

In fig. 1 shows the bending moments at the junction of one of the columns to the grille in
different ways of modeling the interaction of the frame with the foundations and the soil base.
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Fig. 1. Bending moments in the column:
a - the construction of the foundation; b - calculation model; ¢ - when pinched in the
foundation; d - when interacting with a separate grille; e - with combined grilles.

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

Conclusions:

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

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

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

1. Horodetskyi A.S. y dr. Prohrammnsrti kompleks LYRA-SAPR 2013. Uchebnoe posobye. -M.2013. -376 s.
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Hanpyxeno-gedopmoBanuii cTaH MOHOJIITHOTO peOpPHCTOr0 NEPEeKPUTTS CHIOCY NPH
MAKCHMMAJbHUX HABAHTAKEHHAX

Bauecnae Aoamenko., x.m.H., Ooyenm, OoyeHm Kageopu Mmemanesux ma Oepes'siHux
KOHCMPYKYIUl

Kuiscoxuii nayionanvnuil ynigepcumem 6yoienuymea ma apximexmypu (m. Kuig)

Jis MOHONITHUX pPeOpPUCTUX MEPEeKPUTTIB CHUJIOCIB XapakTepHa poOOTa MpH 3HAYHUX
KOPUCHHMX HaBaHTAXCHHSX, LUKIIYHOCTI MOro mpukianeHHs. s Takux cropyl, BpaxoBYHOUH iX
cneur(iky, MOXIJIMBE IEPEBAHTAXKECHHS MEPEKPUTTIB. Y [AHOMY BHUMAJKYy, IOCTa€ 3aBJaHHS
KOHTPOJIIO TEXHIYHOTO CTaHy NEPEeKPUTTS y MpoIeci LMKIIB 3aBaHTAXEHHS — PO3BAHTAKECHHS
cuiocy. [l SKICHOTO KOHTPOJIO, 13 OAHOTO OOKY CIig MaTH JOCHiIHI JaHi HAmpyXeHOo —
nedhopMOBaHOTO CTaHy, a 13 1HIIIOTO — aJIeKBATHY YHCIIOBY MOJIENb, sKa O 13 JOCTaTHIM CTYIICHEM
TOYHOCTI MOJIeTIOBaNIa (PaKTUUHUI HANPy>KeHO — 1e()OPMOBAHUI CTAaH MEPEKPUTTSL.

Cwuitoc st 36epiranas 500 tuc. kH mykpy — miCKy CKJIaIa€ThCs 13 MiJICUIIOCHOTO TIOBEPXY,
KM BUKOHAHO 13 MOHOJIITHOTO 3aJ1i300€TOHY; BJIAaCHE CUIIOCY, SKHH SIBJISIE€ COOOI0 IMIIIHAPHYHY
CTaJIeBy HECy4Yy KOHCTPYKIIIO 13 BHYTPIIIHIMH peOpaMu KOPCTKOCTi; HAJCHIOCHOTO OYHKEPY;
ranepei moJaBaHHs IyKpy; NAIEBOT0 (pyHIaMEHTY 3 pOCTBEPKOM.

3anmizobeToHHe peOpUcTe MEPEKPHUTTS, € CKIIATO0BOK YAaCTHHOK TMiACHIOCHOTO MOBEPXY, 1
SBJIIE COOOI0 MOHOJITHY KOHCTPYKIIIO JiaMeTpoM 45 M, sKa CKJIAJA€ThCsl 13 MOHOJITHOI
3a11300€TOHHOT TIUTH TOBIIMHOKO 430MM, 00pamiIeHOI MO 30BHINIHBOMY KOHTYPY KIJBIIEBOIO
6ankoro (bkl) Bucororo 955mMM, monomitHux 6anok (b1...B9) Bucororo 770MM, po3mimeHUX 1O
CiTIII KOJIOH 13 KpokoM 4,0x4,0m, epepizom 800x800, 1000x1000, 800x1000mMm.

Hocnigaa yactuHa poOOTH, BpaxOBYIOYH MAaCIITAOHICTh JaHOI CIIOPYIH 1 TPUBAIICTh LIUKITY
3aBaHTAXEHHS — PO3BAaHTAXKEHHsS cuiocy (O0mm3pko 10-TH MICAIIB), BKIIOYAla OTPUMAHHSI
EKCIEPUMEHTAIbHUX BEJIUYMH MPOTHHIB MOHOJITHHUX OallOK IEHTPAJIbHOI YAaCTHHU HEPEKPHUTTS
(tumy B9) mig 4Wac muKIy 3aBaHTaXEHHS — PO3BAHTAXEHHS CHIIOCY. BHUMIprOBaHHS TPOTHHIB
MOHOJITHUX 0aJIOK BUKOHYBAJIX 32 JOMTOMOTO0 1HIUKATOPIB TOAUHHUKOBOTO THITY (Xif 0...10MM).

Hemniniitne MozentoBaHHs poOOTH MOHOJITHOTO MEPEKPUTTS BUKOHAHO 3a jgomomoror [TK
«Jlipa-CAIIPy» [2]. ¥V npuiiHATIH Qi3U4HO HENiHIHHIN CKiHUEHHO-eJIEMEHTHIH MOJIeNi, MOHOJITHA
TJTUTA, 3a11300€TOHHI OaJIKH, 30BHIITHS MOHOJIITHA CTiHA 3MOJeNboBaHl (iznyHo HemiHiiHuME CE
Ne241, 242 1 244, kinbreBa 6anka ta kooHu — ¢iznaHo HemiHiitHUME CE Ne210. Peanbri miarpamu
nedopMyBaHHSI OCTOHY 1 apMaTypH 3akKJaJeHl y BUTJISAII S€KCIIOHEHIIMHNX KPUBHX, 3aJI€KHO BiJ
KJlaciB OETOHY 1 apMaTypu €JeMEHTIB MOHOJITHOro nepekpurts. Kiacu OeToHy mpu3HaveHi Ha
OCHOBI JTOJaTKOBO MpoBeAeHUX obctexxenb, C16/20 Ta C20/25. HaBaHTakeHHS Bij IyKpPYy — IICKY,
NIpU BUKOHAHHI HENIHIAHUX PO3paxyHKiB, MPUHHATO BUXOJIYM 13 MAKCUMAJIBLHOTO 3aBaHTAKCHHS
cunocy Ha maHomy mukiai — 400 120xH. /lane naBantaxenus B [IK «JIIPA-CAIIP», 3amano 3
ypaxyBaHHSIM KOHYCYy MNpUpoAHOro Bigkocy 33°. Bynmu oTpumaHi po3paxyHKOBI HENiHINHI i
JIOCITIJTHI TTPOTHHU Jutsi 1-1 rpynu Oamok mpu mouatkoBux (256 680xH), mikoBux (400 120xH) 1
KiHIIEBUX TIicIsl po3BaHTaxeHHs (256 680xH) HaBaHTaxkeHHsX, Ta 2-1 rpynu 6anok, 282 350kH —
400 120xkH — 282 350kH BixmosinHO.

CriBcraBieHHsl mpupocTiB HeniHiiHUX nporuHiB (400 120xH - 256 680xH) 3 mpupocramu
JOCTIAHUX MPOTUHIB, AN 1-1 rpynu 6amnok, mokasye y cepennbomy 10% mnepeBHILEHHS TOCITITHUX
MIPUPOCTIB MPOTHHIB HAaJl PO3PaXyHKOBUMH. AHAJIOTIUHE CITIBCTaBIEHHS /i 2-1 rpynu Oanok (400
120xH — 282 350kH), noka3zye y cepennbomy 14% mnepeBHILIEHHS JOCTIIHUX MPUPOCTIB MPOTHHIB
Ha/l PO3paxXyHKOBHMH. 3arajioM, CepeJHE TMEPEeBUIICHHS JOCIIIHUX TMPHUPOCTIB MPOTHUHIB HAal
po3paxyHKOBUMHU ckiafae 12%, ToOTO, OTpUMaHO 3aJ0BUIbHY 301KHICTh NMPHPOCTIB JOCIIAHUX
MPOruHIB 0ajOK Ta BIAMNOBIIHUX HPHUPOCTIB HENIHIMHUX pO3paxXyHKOBUX HPOrHMHIB MOHOJITHUX
0anoK peOpPHUCTOro MEPEKPUTTS CUIIOCY .

1. IBH B.2.6-98:2009. beronni Ta 3anmizo0eToHHi KOHCTpYKIii. OcHOBHI monoxxeHHs. — Kuis: Minperionoym, 2011.
2. Tlporpammusiii komiuieke JIMPA-CAIIP® 2013: Yuebnoe mocodue / I'oponenkuit [I.A., bapadam M.C. u ap.;
ITon pen. I'oponerxoro A.C. — K. —M.: DnexrponHoe usnanue, 2013, — 376 c.
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Stress-strain state of monolithic ribbed slab of the silo at maximum loads
V. Adamenko, Ph.D., Associate Professor, Metal and Wooden Structures Department,
Kyiv National University of Construction and Architecture

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

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

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

The experimental part of the work, taking into account the scale of this building and the
duration of the loading-unloading cycle of the silo (about 10 months), included obtaining
experimental values of deflections of monolithic beams of the central part of the slab (type B9)
during the loading-unloading cycle of the silo. Measurements of deflections of monolithic beams
were performed using clock-type indicators (stroke 0 ... 10 mm).

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

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

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

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

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

1. DBN V.2.6-98:2009. Betonni ta zalizobetonni konstruktsii. Osnovni polozhennia. — Kyiv: Minrehionbud, 2011.
2. Programmnyj kompleks LIRA-SAPR® 2013: Uchebnoe posobie / Gorodeckij D.A., Barabash M.S. i dr.; Pod red.
Gorodeckogo A.S. — K. —M.: Elektronnoe izdanie, 2013, — 376 s.
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banxosa moodenv npu po3paxynKy miynocmi 3a1i300emoHHUX NIUM BPU NPOOAGTIOGAHHI

HOniu Knimos, 0okmop mexuiuHux Hayk, npoghecop xkagheopu 3aniz00emoHHUX ma Kam sSHUx
KOHCMPYKYIUl

Kuiscokuti Hayionanoruii ynisepcumem 6yoisnuymea i apximexkmypu (Kuis)

[IpencraBinena OankoBa MOACHIB JUISl PO3PaXyHKY MIITHOCTI 3alli300€TOHHUX IUIAT TIPH
poAaBiioBaHHI. B pamkax miei Mozaeni rpaHMyHa TONEpEYHA CUja, Ky CIPHIMAaE IUIMTA TPU
IIPO/ABIIIOBAHHI, BU3HAUYAEThCA AK CyMa TIPaHMYHMX IONEPEYHMX CHJI, 110 CHpPUIMAarOTh JIBI
MEPIIEHANKYIIAPHI OanKky 3MiHHOI IIUPHUHH, AUB. puc la. ['pannyHa nomnepeyHa cuia, Ky crpuiimae

IUINTA TIpK mpojasiioBanni Vg Moxe posriasgarucs, sk cyma momepeunnx cun Vi, iV, sxi

CIIPUIMAIOTh JIB1 MEPIICHIUKYJISAPHI OAJIKU 3MIHHOI TUPUHH, TUB. puc 10.:
Va = Vs + V2 (1)
11 a
Vi1

T

a o
Puc. 1 — Mogenb mimuty y ¢popMi neprneHIuKyIIpHIX 0aiok (a) 1 HanpykeHo-AehOpMOBaHHH CTaH
0eToHy CTUCHYTOT 30HH (0).

XapakTep HaNpy»XEHOro CTaHy OETOHY CTHUCHYTOI 30HM OIIHIOBABCS 3 TMO3MIINA TOpii
racTUyHoCTI [1] mpu i 0ChOBOTO PIBHOMIPHO PO3MOALTICHOTO HABAHTAKEHHS HA OCHOBY yCIYE€HOTO
KIMHY, 1TuB. puc.10. Po3paxyHkoBa Mojenb Oajiku HaBeleHAa Ha PHC.2, JIe Y SKOCTI KPHTEPIO
JOCSITHEHHSI TPAHWUYHOTO CTaHy NPUHMAETHCS JOCSATHEHHS HANPY>KEHHAMH y OETOHI pO3TATHYTOi
30HM, IO CIIBMNAJA€ 3 MOXHIOK TPIIIMHOW, 3HAYEHb MIIHOCTI OCTOHY NPH OCHOBOMY PO3TATY

f ot -3YCHILIS y PO3TATHYTI 30HI BU3HAYAIOTLCA K IUIOLIA BIAMOBIAHOI EMIOPH HAIIPYKEHb PO3TATY:

Nete =Neeq +Nogo = feeAeer +@feAges (2)
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Puc.2. Po3paxyHkoBa MOJIENTh TPAaHIHYHOTO CTaHYy OAJIKU B TIOXHJIOMY TIepepi3y.

I'pannuna momepeyHa cuia, SIKy cHpuiiMae Oanka, 3HAXOAWUTHCS 3 PIBHSHHS PIBHOBaru y
MOXUJIOMY TIepepi3i Ha BEPTUKAIbHY BiCh.
V, =2N_,cosa (3)

1. TenmeB I'.A., Kucctok B.H, Tionun I'.A. Teopus miacTuyHOCTH OeTOoHAa M Kene300eroHa. - MoOCKBa,
Crpoitznar, 1974, 316c¢.
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Beams Design Model for Punching Shear Capacity of Reinforced Concrete Slabs

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

Kyiv National University of Construction and Architecture (Kyiv)

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

beams of a variable wideness, see Figla. The ultimate shear force V perceived by a slab under

punching shear can be considered as the sum of ultimate shear V,; and V,,, received by two

perpendicular beams of a variable wideness, see Fig.1a:
Vg =Vp + V3, (1)

1-1 o

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

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

as a criterion of the ultimate limit state the reaching values of tensile strength of concrete f, ina

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

Nee = Ngeq + Nogo = feeAeer + 0fceAces (2)

d/tga by ditga
T K T T

3
Figure 2 - Design model of the beam ultimate limit state in a slopping section

The ultimate shear received by the beam is derived from an equilibrium equation of an a
sloping cut projected on a vertical axe, See Fig.2:
V, =2N_..cosa (3)

1. Henyev H.A., Kyssiuk V.N, Tiupyn H.A. Teoryia plastychnosty betona i zhelezobetona. - Moskva, Stroizdat,
1974, 316s.

32



AHKepyBaHHS cTaJieBol (pi0pH 3i 3arHyTUMM KiIHUSIMH y APiOHO3epHUCTOMY OeTOHI

Poman Kinaw.*:?, oox. mexn nayx, npog. kageopu zeomexanixu, 6yoisnuymsa ma
2€0MexXHIKU

ITsanna Bioenko °

, acnipanmxka Kagheopu mexnonozii ma opeauizayii 6yoienuymea

Y Hayxoso-mexnonoziunuii ynisepcumem AGH y Kpaxosi (ITonvwa)
2 Jlvsiscokuii nayionanshuii aepapnuii ynicepcumem (JTv6is)

JloTHuHi Hampy>KeHHS TMpH BUTATYBaHHS (iOpu 3 O€TOHy BIUIMBAIOTH Ha MIIHICTD
($i6pobeTony Ha po3TAT Mmija yac 3ruHaHHA [1]. ToMy ekcriepuMeHTaTbHO-TEOPETUYHI TOCITIIPKSHHS
npu po3poOili HOBUX THIIIB (GiOp HALLIIOIOTH Ha Te, 00 IX MIIHICHI, AedopMaliliHi i FreOMETPUYHI
napaMmeTpu  3a0e3neunin OTPUMAaHHS ONTUMAIIFHUX  MEXaHIYHUX  XapaKTEPHUCTHK
cranedidbpoderony. Oxnum i3 parionansHux TUMiB GiOp € craneBa (idpa 3 3arHYyTUMHU KiHLISMH,
TOMY JIOJJATKOBE BHBUCHHSI TUTAHb 3YCIUICHHS ii 3 OETOHOM € Ba)KJIMBHM, OCKIJIBKH 1€ BILTHBAE SIK
Ha pO3paxyHKOBY HECydy 37aTHICTh apMOBAHUX €JIEMEHTIB, TaK 1 Ha Je(OPMATUBHICTb.

[Ipu po3paxyHKy Hecy4doi 37aTHOCTI 3THHAJIBHUX CTajaediOpoOETOHHUX EJIEMEHTIB
BU3HAYAIOTh MILHICTh CTane(iOpoOETOHY Ha PO3TAr f.r., sKa 3aJeKUTh Bl KoedillieHTa 7, IO

BpaxoBye 3ueruieHHs GiOpu 3 6eroHoM [2]. Y HaumioHaspHOMY cTaHnapti A GiOpu 31 3arHyTUMHU
KIHISIMM BKa3aHo, L0 XapaKTepPUCTHYHE 3HAYCHHS MILUHOCTI GiOpu Ha posrir fr, Mae OyTh He
MenmM Hixk 800 Mlla, a xoedimieHT aHkepyro4oi 31aTtHOCTI 17 aus i€l ¢iOpu nopiBHioe 0,9.
KoediienT 7 npuzHadeHuid y mneprioMy HaOJNMKEHHI, TOMY JAETalbHI JOCTIKCHHS 34EIUICHHS
Takoi Gi0pu 3 OETOHHOIO MATPHUIICIO, BIAMOBITHA 00pOOKA EKCTIEPUMEHTAIBHUX JAHUX JO3BOJIUTH
OTpUMAaTH OOIPYHTOBAHI PO3PaxXyHKOBI MapaMeTpH, sKi MOXKHa OyJe BUKOPUCTAaTH B PO3paxyHKax
cTasiepi0poOETOHHUX KOHCTPYKIIii.

JlocmiiHi 3pa3Ku BUTOTOBIISUIN 13 IpiOHO3EPHUCTOrO OETOHY Ha IMICKY 3 MOJYJIEM KPYMHOCTI
2,1 MM 1 ankepHoi ctaneBoi ¢pi6pu Tuny HE 1050 nosxkunoro 50 mm 1 riametpom 1 MMm. Sk B spkyde
BUKOpPHUCTOBYBanu neMeHT Mapku 400 (axtuBHicTiO 42.3) Ansg OoTpuMaHHS APiIOHO3EPHUCTOTO
6erony kiacy C20/25 ta uement mapku 500 (axtuBHicTio 50.9) mns npiOHO3epHUCTOrO OETOHY
knaciB C25/30 1 C30/35. @opmu 3amoBHIOBAIM CYMIIIIIO, SKY YHIUIBHIOBAIM Ha BiOpocTodi, a
yepe3 3 TOAWMHU TIOKPUBAJIM TOBEPXHIO OETOHY IapoM Bojorux ommwiok. [licms roToBHOCTI
0eTOHHOI cyMilli BiiOMpanu 4acTUHy OeToHy, HeoOXigHoro it GopmyBanHs Ky6iB 150x150x150
MM 1 ipu3M 400x100x100 mM. BunpoOyBanns ¢i6pu Ha po3TAT 1 Ha BUTATYBAHHS 3 TOPLIB MPU3M
BUKOHYBaJIM Ha po3puBHii MamuHi P — 0.5 npu mBuakocti 3aBanTaskeHHs 0,05 mm/C. Yeporo 6yio
BHUTOTOBJICHO 1 BUTIPOOYBaHO 54 3pa3KH.

3a pesysbraTamMu BUIIPOOYBaHb BCTAHOBIICHO, 10 HANIPYKEHHS Y (10pi 32 BUTATYBAHHS d

MOYHa OIUCATH 3alexkHicTIo: oF = 0,4677 d—; feprism T 4412

Pe3ynbraTty eKcriepuMeHTIB 3aCBIIUMIIM, 1110 3a JOBXHHHM 3aknananss ¢iopu 10, 15125 mm y
npibuno3epructuii 6eton kmacis C 20/25, C25/30 1 C 30/35 nanpysxeHHs y Hill HE TOCSITAIOTh MEXi
MIIIHOCTI, 1 BcsA (iOpa BUCMHUKYeTbes. HampykeHHs y ¢iOpi 3a BUTATYBaHHS 3pOCTAIOTh TMPH
TIBUIIICHHI MIITHOCTI O€TOHY 1 301JBIICHHI JOBKUHU 3aKiananHs Giopu y 6eToH. Kinnesi ankepu
($i0pu 3a0e3meuyroTh MM Yac BUTATYBaHHS GiOpu HanpyxeHHs y Hii Outa 400 MIla. HeobxigHo
J0JJATKOBO BHBYUTH BIUIUB MIIHOCTI OeTOHY Ha poOOTy KiHIeBUX aHKepiB. KoedimieHt
aHKEPYyI04ol 37aTHOCTI 7] 3aJE€XKUTh BiJl JOBKHHU 3akjanaHHs (iOpu y OeToH 1 Biag MIIHOCTI

OCTOHY, 1110 BIMAarae J0JIaTKOBOTO OOTPYHTYBaHHS JIOIUIBHOCTI BUKOPUCTAHHS IBOTO KoedilieHTa
y Gopmyi A BUSHaYEHHS MIITHOCTI (i0poOEeTOHY Ha pO3THT.

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

2. ACTY-H b B.2.6.-218:2016 HactaHoBa 3 mpOeKTyBaHHS Ta BUTOTOBJICHHS KOHCTPYKIIIH 3 TUCIIEPCHOAPMOBAHOTO
6etony. [Yunnuii Big 2017-04-01] Bun. odiu. Kuis: A1 HAIBK, 2017. 32 c.
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Gripping of anchor steel fiber with curved ends in fine-grained concrete

R. Kinasz 12, PhD. D.Sc. Eng., Professor (Full) of the Department of Geomechanics,
Construction and Geotechnic

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

LAGH University of Science and Technology in Krakow, Krakow, Poland
2Lviv National Agrarian University, Lviv, Ukraine

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

By calculating the bearing capacity of bending reinforced concrete elements, the tensile
strength of reinforced concrete £.; is determined. It depends on the coefficient 1, which takes into

account the adhesion of fibers to concrete [2]. The national standard for anchor fiber states that the
characteristic value of the tensile strength of fiber f5. should not be less than 800 MPa, and the

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

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

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

can be described by the dependence: o, = 0,4677 i feprism + 4412,

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

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

2. DSTU-N B V.2.6.-218:2016 Nastanova z proektuvannia ta vyhotovlennia konstruktsii z dyspersnoarmovanoho
betonu. [Chynnyi vid 2017-04-01] Vyd. ofits. Kyiv: DP NDIBK, 2017. 32 s.
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Hocaigxenns: epeKTUBHOCTI MiACHICHHS BUCAYHUX MeTAJeBUX KOHCTPYKIii HACKPI3HOTO
nepepizy 30BHilIHIM apMyBaHHSIM METO/IOM HakJielOBaHHs GidpoapMOBaHMX CHCTEM

Ipuna Pyoueea, kano.mexn.nayx, 0oyeHm Kageopu onopy mamepianie
Kuiscvroeo nayionanonoeo ynisepcumema 6yoignuymea i apximexmypu (m. Kuis)

Bimomi uucneHHI NpPUKIAAM 3aCTOCYBAaHHA METAJeBUX KOHCTPYKLIH, 0coOiIMBO B
IPOMHUCIOBUX OYyHIBIAX Ta Yy BEJIMKONPOJBOTHUX CIOPYAax. 3acTOCYBaHHS METaJEBHX
KOHCTpPYKIL1H B OyA1BHUIITBI 3yMOBJIEHE, MEPIII 3a BCE, IX MEXaHIYHUMU BIACTUBOCTAMHU. AJle, K 1y
BUMNAJAKY 3 IHIIMMU THUIIAMH KOHCTPYKLIM, YHIKalbHI Ta BEJIMKOMNPOJIBOTHI CIOPYAH, SKI
MPOCKTYIOTHCA 3 METally, B pe3yJbTaTl TPUBAJIOI €KCIUTyaTallii, 6€3 CBOEYACHOTO TEXHIYHOTO
00CIIyroByBaHHSI Ta KaliTaJbHUX PEMOHTIB, HEAOCTAaTHHOI MIIIHOCTI MarepiajiB KOHCTPYKLIH, B
pe3yabpTaTi 3HOCY, KOHCTPYKTHBHUX NIe(EeKTIB, /I 301LIBIICHHS HECYdOi 3/IaTHOCTI B Pe3yibTaTi
3MIHM TOTOJHHUX YMOB Ta [IFOYMX HOPMATHBHHX JOKYMEHTIB, MIJBUIICHHS HAaIIHHOCTI,
MIPOJIOBKEHHS eKCIUTyaTallii, 30KpeMa, [0 MaroTh €JIEMEHTH, SKi MMPAlO0Th Ha 3THH, TOTPEOYIOTh
M1JCUJICHHS HECYYHUX KOHCTPYKIIiH.

Oco0nuBO BaXJIMBUM € BUOIp MakCUMalbHO €(EKTHUBHOIO METOAY, SK 3 TOYKHU 30pYy
HaAIMHOCTI, TaK 1 3 TOYKH 30pY pPEHTA0ENbHOCTI, HAa IO BIUIMBAE TpHUBAJE HPUIUHEHHS
eKCIUTyaTalli Ccrmopyau, 3yNHUHKa BUPOOHWUYOro Tpolecy ado HEMOXIIHMBICTh KOPUCTYBAaTHUCS
MIPUJIETIIO0 TEPUTOPIEIO ISl BUKOHAHHS poOiIT 3 pekoHCTpyKuii. [Ipu nbomy HeoOXigHO 30epertu e
TUIBKU OYJIIBJIIO B LIIOMY, aji€ 1 30BHIIIHIA apXITeKTypHUHA BUIIISLA criopyau. OTxe, BaKIUBOIO €
HE TUJIbKY €KOHOMIYHa, KOHCTPYKTHBHA, ajie 1 collialbHa CKJIa10Ba.

Tpaguuiiini MeToAM NiACWIEHHS, L0 3apa3 BUKOPUCTOBYIOTHCS JUIsl BIJTHOBJIEHHS abo
30UIbIICHHS HECydoi 3JaTHOCTI METaJeBHX KOHCTPYKIIiM, 3aCHOBaHI Ha 3aCTOCYBaHHI CTaJEeBHX
€JIEMEHTIB IUIAXOM iX KpIIUIEHHsI OonaTamMu abo 3BapIOBAaHHS, SIKI 30UIbIIYIOTh HaBAHTAXEHHS Ha
KOHCTPYKIIIIO 1 CXWJIbHI JI0 KOPO3ii 1 BTOMH.

ANBTEpHAaTUBHUM METOJIOM IIiJICHJICHHS € 3aCTOCYBaHHS
BUCOKOMIITHMX  (piOpoapmoBanux cucreM (PAC) nusaxom
HAKJICIOBaHHS Ha OCHOBHY KOHCTpyKHito. PAC MawTh BUCOKY
MILHOCTbh, MaJIy Bary, CTiiKi A0 KOpo3ii, IPOCTi Y BUKOPHCTAHHI.

3 BpaxyBaHHSIM BHINE3a3HAYCHUX IepeBar (idpoapMoBaHHX
cucrteM, OyJ0 BHMKOHAHO JOCHIPKEHHS, B SIKOMY DPO3IJIIHYTO
BapiaHT TIJCWJIGHHS HECYYHMX METaJeBUX €JIEMEHTIB BUCSYOTO
MOKPUTTSI, YTBOPEHOTO CHCTEMOIO 3THHAJIBHO-KOPCTKUX HHUTOK
HackpizHoro nepepizy (Puc.l), 30BHIIIHIM apMyBaHHSM METOJOM

Puc. 1. Monens 611oka HAKJICIOBAHHS BHCOKOMIIHOI (hiOpoapMOBaHOT CHCTEMH Ha OCHOBI
3I'MHAJIbHO-KOPCTKHUX HHUTOK

yriaepona.  Po3paxyHku ~— Moneni  KOHCTPYKIIi — TTOKPUTTS
BUKOHYBaJMCh B  Cy4aCHOMY  IpPOrpaMHOMY  KOMILIEKCI
ABAQUS/CAE, 3acHOBaHOMY Ha METO/Ii CKIHUEHHHX CJIEMCHTIB.
BukoHaHuMii po3paxyHOK MiJCHJIEHOI BHUCSYOI METaJIeBOi
KOHCTPYKIIIi HACKpi3HOTO Tepepi3y 30BHIMHIM apmyBaHHSIM DPAC
Ha OCHOBI Yyriepoja, B mnporpamHoMy komiiekci ABAQUS,
MoKa3aB, 10 HANOIIbIII HaMpy>KeHHS 1 aedopmarii 3'IBISIOTECS B
o0acTi, 6JIM3bKOI /10 30BHIIMIHBOTO OMOPHOTO KOHTYPY (Puc.2).
[lincuneHHs HeCy4YHX €IEMEHTIB 30BHIIIHIM apMyBaHHIM Ha
Puc. 2. Posnionin Hanpy»eHb B 0CHOBI yTIJIepo/a, MPU3BEIIo JI0 3HIKEHHS aedopmaltiii criopyau, a
30HI OIOPHOTO KOHTYPY TaKOX JI0 MOMJIMBOCTI 30UTBIIIEHHS HECYYOi 3/ITaTHOCTI.
[licna BximtoueHHsT B poOOTY BYTJEMJIACTHKA BiJICOTKOBE 3MEHIIEHHS BEPTUKAIBHOTO MPOTUHY
ckimano 26,6% ans 3TUHATBHO-)KOPCTKUX HHUTOK, ITJICHIIGHUX KOMITO3UTHHM MaTepiaioMm 3
BYyTJIIJIACTHKA. BennynHa po3TAry0unx HalpyKeHb 3HU3WIACh TpuOau3Ho Ha 14%.

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

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

Kyiv National University of Construction and Architecture

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

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

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

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

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

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

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

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

R ]

1. LN. Rudnieva. Comparative analysis of strengthening of building structures (masonry, metal structures,
reinforced concrete) using FRP-materials and traditional methods during reconstruction. «Strength of Materials and
Theory of Structures», 2020. Ne 105 — C.267-291. https://doi.org/10.32347/2410-2547.2020.105.267-291.
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IIlono panioHaJbHOr0 apMyBaHHS BY3JIOBUX 3’€/IHAHb MOHOJITHUX IJIMT NEePEeKPUTTH
3 BePTUKAJIBbHUMU eJIeMeHTaMH

JTrwomuna Agpanaceesa, kano.mexn.nayx, ooyenm Kapeopu 3a1iz00emoHHUX MA KaAM SHUX
KOHCMPYKYIU
Maxcum Mockanenko, cmyoenm

Kuiscoxuii nayionanvHutl ynisepcumem 6yoienuymea i apximexmypu (m. Kuig)

[IpiopuTeTHUM HampsAMKOM B OYIIBHUIITBI € 3BEJEHHS MOHOJITHHUX 0araTOMOBEPXOBUX
OyxiBenp 3 0€30aTKOBUMH MEPEKPUTTIMH. Lle 00yMOBICHO MOXIUBICTIO OyIIBHHUIITBA OYJMHKIB
Oynib-siK0i KOH}ITYypallii B IJIaHi, 3 pi3HUMHU 00'€MHO-TUTAaHYBIBHUMH PIIICHHSIMH.

JlocBizg excrutyaranii 3a3Ha4eHUX KapKaCHO-MOHOJITHUX OYyAMHKIB CBIIYUTH, IO KOPCTKICTh
IUTUT TEPEeKPUTTS JocTaTHsA mpu ToBIuMHI it 17,0-18,0cM, ame Oinst omop rumTa moTpedye
MIJCWJICHHS /IS 3a0€3MeYeHHS HeCydol 3JJaTHOCTI Ha MpoJiaBioBaHHs [1].

BukoHaH1 yucenbHi JOCHIKEHHS [2] T03BOJMIN BU3HAYUTH HANPY>KEHUH CTaH JOCITIIHOTO
CTHKa, Ha MiJICTaBl YO0 pO3pOOUTH KOHCTPYIOBAHHS OCTAaHHBOTO. METOI0 3a3HaueHHUX JOCIHIHKEHb
€ po3poOKa KOHCTPYKIII CTUKA 3 JOJATKOBOIO apMaTypol0 B NMPUOMOPHIN 30HI Ui BUKIIOYCHHS
MOJKJIMBOTO TIPOJABJIIOBaHHA IpH 3aJaHiil MiHIMaJbHIM TOBIIMHI mepekputrts. Ha migcrasi
MOPIBHSUIBHOTO aHaNi3y AOUIIBHO BHU3HAYUTH ONTHUMAJbHE CIIBBIIHOIIEHHS TOBIIUHU IUIUTH
MEPEeKPUTTS Ta BIAMOBIAHOTO apMyBaHHS CTHKOBOTO 3’€HAHHS «IUTUTA-KOJIOHa», IO BHUKIIOYAE
MIPOJABIIOBaHHS. ApPMYBaHHS CTUKA MPUNHHATO 3 BUKOPUCTAHHSAM >KOPCTKOI apMaTypu - €JIEMEHTIB
MIPOKATHOTO PO IO Ta MIACTUH — ISl YHUKHEHHS TEXHOJIOTTUYHUX YCKIIAJHEHb MPH BIIAIITYBaHHI
MOHOJIITHOTO MEPEKPUTTS.

3 MeTOor BHU3HAYEHHS HAMOUIBII pAaliOHATBHOTO apMyBaHHS CTHUKA JOCIIIKYBaJHCh
CHOJyYEHHS! TUIMTH TMEPEeKPUTTS 3 KOJOHOK 3 PI3HUMU THUIAMH apMyBaHHS: CTEP>KHbOBOIO
MIOTIEPEYHOI0 aPMAaTYPOIO, KOPCTKOIO apMAaTypOIO-IBOTAaBPOM Ta IIBEJIEPAMH, & TAKOXK METaJICBHUMU
rlacTUHaMu. [{nst BUpIillIEHHS MOCTAaBJICHOTO 3aBIaHHS Ha MiJICTaBI PO3PAXyHKOBOiI OOOJIOHKO-
CTPM)KHEBOI Mojieni OyIMHKY JOCIHI/PKEHHIO MiJIaBaBCs BY30JI 3’€IHAHHA TUIMTH MEPEKPUTTS 3
KOJIOHOIO0. Po3paxyHKoBa MO/I€Nb IOCIHIIHOTO 3’ €THAHHS HaBeJeHa Ha puc.l.

Bukonani 4ucenpHI TOCHTIIHKCHHS CIIOJNIYYICHB
KOJIOH 1 IUIUT TepeKpuTTss ToBmMHOIO 140MM Ta
200mM [2] cBiguaTh, MO0 3MEHIICHHS TOBIIUHU TUIUTH
BHUKJIMKAa€ 30UTBIICHHS 30HU 3 JI0JaTKOBOKO
KOHIICHTPAIII€I0 CTUCKAIYMX HanpyxkeHb 10 44,0%.
TakuM 4MHOM, 3a3HAa4YCHA 30HA CIOJNYYEHHS IUIUTH
MEPEKPUTTS 3 KOJOHOK TMOTpedye HOAaTKOBOTO
apMyBaHHS 3 MeETOI0 3abe3rledeHHs MIIHOCTI Ha
MPOIaBIIOBAHHS.

Puc. 1. Po3paxyHkoBa MOJENb BY3JI0BOTO
3’€IHaHHA

AHaii3 OTpUMaHUX MapaMeTpiB HaINpy>KeHO-1e(OPMOBAHOTO CTaHy JOCHIIHUX MOJeen
CBIIUUTH, IO HANPYKEHHS B OETOHI  BY3JIOBOTO  CIOJYYEHHS 3 IIONEPEYHOI0 apMaTyporo
MEPEeBUILYIOTh JOMyCTUMY BenuuuHy 10 38,0%. ApMyBaHHS 30HU CIIOJYYEHHS JKOPCTKOIO
apMaTypolO- BiJMOBIIHO ABOTaBPOM 1 IIBEJIEpaMH JO3BOJIMIO OTPUMATH 301IbIIECHHS JOMYCTUMHX
HanpyxeHb 110 33,0% Tta 26,0% BianosigHo. [Ipn apMyBaHHI 10CIITHOTO CIIOTYYEHHS IJIACTHHAMM,
0 pPO3TAalllOBaHi MapaMy MO JBOM B3a€EMO MEPIEHAMKYISIPHUM HalpsMKaM, Hamnpy>KeHHs B
OETOHI HE MEePEeBHIIYIOTh IOMycTHMY BennmduHy 110 30,0%, mo BUKIIOYaE pyiHHYBaHHS CTHKOBOTO
CTOJY4€HHS BHACIIOK PO/IaBIIOBAHHS.

1. ACTY B.B.2.6 — 156:2010. BeTonHi Ta 3a1i300€TOHHI KOHCTPYKIIIi 3 BaXKKOro 0etoHy. [IpaBuiia mpoeKTyBaHHS.-
Minperion0yn Ykpainu.Kui,2011,-116¢.-unnnuii 3 01.06.2011.

2. CamoxsaioBa E.O. CTBIK KOJIOHHBI C TUIOCKOM IUIMTOW B MOHOJIMTHOM >KEJI€300€TOHHOM 3JaHuu. JIMC. Ha COUCK.
kBanud.maructpa. Cankr-IlerepOypr, 2009 - 86¢.
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Regarding rational reinforcement of nodal joints of monolithic floor slabs
with vertical elements

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

Kyiv National University of Construction and Architecture (Kyiv)

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

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

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

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

In order to solve this problem on the basis of the calculated shell-rod model of the house, the
joint of the floor slab with the column was studied. The calculated model of the experimental
connection is shown in the Figure 1.

The number of studies of columns and
floor slabs joints with a thickness of 140 mm
and 200 mm [2] show that a decrease in the
thickness of the plate causes an increase in
the zone with an additional concentration of
compressive stresses up to 44.0%. Thus, the
specified area of connection of the floor slab
with the column requires additional

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

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

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

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

Onekcandp I'nimin, x.m.n., doyenm, kageopa Memanegux i depes'siHux KOHCmMpYKYiti
Cepzin Padeybkuii, acucmenm, kagheopa Memanesux i 0epes'anux KOHCMpyKyii

Kuiscoxuti nayionanvruil ynigepcumem 0y0ienuymea i apximexkmypu

3MEHIIICHHSI BUTPAT CTaJli B OYAIBHHUIITBI JOCSATAETHCS MUITXOM 3aCTOCYBAaHHSI TOHKOCTIHHHX
CTEPKHEBUX KOHCTPYKIIH. 30KpeMa, IPOBITHE MICIIe cepel HUX MOCIal0Th XOJIOHOTHYTI Mpodii.
BukopuctanHs iX B elleMEHTaX KOHCTPYKII OyaiBelb 3aMiCTh TapsueKaTaHWX, J03BOJISIE
ekoHOMHUTH Onmu3bko 10% crani Ta 3HAYHOIO MIpOI0 3HU3UTH TPYAOMICTKICTH BHUTOTOBIICHHS 1
MOHTaXY.

Oco0imBO 1€ TOB’SI3aHO 13 BUKOPUCTAHHSAM HACKPI3HUX KOJIOH BHUTOTOBJICHHX 3
TOHKOCTIHHUX THYTUX €JIEMEHTIB.

JUis  TmepeBipkM  METOAWKH  PO3PaxyHKy TaKMX e€leMeHTiB 3a [l] mopiBHIEMO
EKCIICpUMEHTaIbHE BUIIPOOYBaHHs KOJIOHU JOBXHUHOK 3,4 M. KojoHa ckiajanach 3 JIBOX THYTHX
C-noiOHUX TPOQUITIB TOBIIMHO 2 MM, TO€IHAHHX MDK COOOI0 3a JIOTIOMOTOI0 IUIAHOK, Ha
CaMOHApI3HUX IBUHTAX.

[Tepen BHUIPOOYBaHHSIM Oynu
NPOBE/ICHI TEOPETHYHI PpO3paXyHKH 3a
HaBE/ICHOIO BUIIE METOAMKOI0. [IpoBeneHHS
excrepuMeHTanbHoro gociipkenns HJC
KOJIOHH 13 THYTUX MPO(dLIIB MPOBOAMIOCH Y
BUNIPOOYBAJIbHOMY  LEHTpi  Oy[IiBeJbHUX
koHcTpyknin KHYBA (BLBK KHVYBA) 3
METOIO HiATBEPKEHHS pe3yJIbTaTiB
TEOPETHUYHUX OCIIKEHD i SIK
IPO/JIOBXKEHHS HAyKOBUX JIOCII[UKEHb B
LbOMY HanpsMKy [2].

Pe3ynbraT, OTpUMaHI aHANITUYHUM
nusixoM 3a [1] moka3yroTh pPO30DKHICTE 13
eKCIIEpUMEHTAIbHUM JOCIIJKEHHAM
oimpme 10%. I3 Tppox oOcHOBHUX (opMm
BTPATH CTiIIKOCTI BiOysach MiclieBa BTpaTa
CTIMKOCTI, a caMe — BIATMHU MTOJTHYOK.

3araspHa Ta KpyTWiIbHa  (Qopmu
BTpaTu CTilikocTi He BigOyBamuch. lle
MOKHa  MOSICHUTH  YacTUM  KPOKOM
BCTAaHOBJICHHSI 3’ €IHYBaJbHHUX IUIAHOK Ha
KOJIOHI.

Oco0OnmuBoO 11l JOCHIIKEHHS I[KaBl 3
TOYKH  30py  poOOTH  3’€JHYBaJIbHUX
€JIEMEHTIB — IJIAHOK

Puc. 1. ExcnepumenTanbHe BUIPOOyBaHHS
KOJIOHH, BUKOHAHO1 3 TOHKOCTIHHUX THYTHX
npodimis.

OTxe, 3a pe3ybTaTOM €KCIEPUMEHTAIBHOIO JOCHIPKEHHS! BUHUKAE HEOOXIIHICTh Y OUIbLI
JIeTaJbHOMY BUBYCHHI HACKPI3HUX KOJIOH.

1. ACTY-H b B.2.6-87:2009. Konctpykuii OyanHKiB i ciopy. HacraHoBa 3 npoekTyBaHHs KOHCTPYKIIN OyANHKIB
13 3aCTOCYBaHHSM CTaJEBUX TOHKOCTIHHHX ITPOQ1iIiB.

2. Benos 1., T'mitin O.B., FOpuenko B.B., Jenos O.I1., )xaybaee M.M. BunpoOyBanHs KOHCTpYKIii dhepmu i3
THYTHX TOHKOCTIHHHUX €JEMEHTIB BiaKpuToro mpodimo // 30ipHHK HayKOBMX Hpalb YKpaiHCBKOTO HayKOBO-
JOCIJIITHOTO Ta TPOEKTHOTO IHCTUTYTY cTajieBUX KoHcTpykuiid imeHi B.M. IllumanoBcbkoro / Ilin 3arampHOIO
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PEIaKIliero 3aciy)KEHOro Jisiua HayKd 1 TexHiku YKpainu, I.T.H., npodecopa O.B. llumanoscbkoro. K.: Bun-Bo
«Crtanby, 2009, Bun. 3 — C. 136-145

Experimental research of a central-compressed column,
made of thin-walled bending profiles

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

Kyiv National University of Construction and Architecture

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

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

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

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

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

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

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

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

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

1. DSTU-N B V.2.6-872009. Konstruktsii Budynkiv I Sporud. Nastanova Z Proektuvannia Konstruktsii Budynkiv
Iz Zastosuvanniam Stalevykh Tonkostinnykh Profiliv.

2. Bielov 1.D. Glitin O.B. Yurchenko V.V. Diedov O.P. Dzhaubaiev M.M. Vyprobuvannia konstruktsii fermy iz
hnutykh tonkostinnykh elementiv vidkrytoho profiliu // Zbirnyk naukovykh prats Ukrainskoho Naukovo-
Doslidnoho Ta Proektnoho Instytutu Stalevykh Konstruktsii Imeni V.M. Shymanovskoho / Pid zahalnoiu
redaktsiieiu zasluzhenoho diiacha nauky i tekhniky Ukrainy, d.t.n. profesora O.V. Shymanovskoho. K. Vyd-vo
«Stal» 2009 Vyp. 3 - S. 136-145
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Pe3ysibTaThl 3KCHIEPHMEHTAJIBHBIX HCCJIE0BAHNN THOKHUX JKeJ1e300eTOHHBIX KOJIOHH,
apMHPOBAHHBIX BHICOKONIPOYHOH apMaTypO#.

Mauei /I[ymxeeuu, 0oKk.mexH.HayK, OeKaH axyivmema.
Baoum I'punée, kano.mexu.nayx, 0oyeum.

Yuusepcumem nayxku u mexnuxu, (2. boiocow, Iorvwa).

IIpu cTpoUTEnbCTBE M SKCILTyaTallMM 3JaHUNA U COOPYXKEHUN B CTOM YHCIIE CIELHAIBHOIO
Ha3Ha4yeHUs OOJIBILIYIO POJIb UTPAIOT CXKAThle 3eMeHThl. ONophl BOJOHAMOPHBIX OallleH, KOJIOHHBI
OpBI3TaIbHBIX 0ACCEHHOB IpaJHpeH, OMOPbl MATEPUATONPOBOJOB U 00OPYAOBAaHUS B SHEPIETHKE,
MPOMBIIIJIEHHOCTH W B MPOYMX OOJACTSIX NpoMbIIUIeHHOCTH. Kak mnpaBuio B HaCHIIICHHBIX
o0opyjoBaHHEeM Iexax, Hampumep KotenbHble B TOL] (mocturaromiyie BHICOTHI 45 M U BBINIC),
00JbIIOE 3HAUCHHE HMEET pa3Mep IMOMNEePEeYHOro CEYCHHsI KOJOHHBI, MPU €€ MaKCUMAaJIbHO
BO3MOKHOH BBICOTE.

K coxanenuto, OOJBIIMHCTBO MPOEKTHBIX PELICHHUM, MPU YCTPOWCTBE BBICOKHX OIOD,
pa3paboTaHbl B METaJIe, XOTS JKEIe300€TOHHBIE AJIEMEHTHI 00JaJaloT PAJOM NPEUMYIIECTB B
OTJIMYME OT METAJUIMYECKUX: KOPPO3MOHHAs W OTHECTOMKOCTh, HU3Kas CcTOMMOCTb. [IpuunHa
HEXXEJIaHUsl TPOEKTHUPOBIIMKOB HCIIOJIB30BaTh KeNe300eTOHHBIE THOKHE KOJIOHHBI KPOETCS B
CJIOKHBIX M HEJOCTAaTOYHO TOYHBIX METOAMKAX pacyera, MpejjaraéMbiX €BpONeCcCKUMH HOpMaMu
. 5.8. /1/. Pa3nuna Mexay pacuéTaMu U SKCIIEpUMEHTaIbHBIMU JaHHBIMU octuraetr 40% u Oonee,
3TO MOJATBEPKJIEHO U3YUYEHHBIMU JaHHbIMHU /2, 3/.

Llesnpto pOBOIMMON PAOOTHI: BBIMNOJIHUTH PACUETHO-IKCIEPUMEHTAIbHbBIE HCCIIEOBAHUS
CKATBIX, THOKUX >KEJIe300€TOHHBIX KOJIOHH C MPOJOJIBHONW HEHANpsATraeMoll apMaTypoil KJIacCoB
B500B 1 B600B B coueTranuu ¢ nonepeuyHblM apMUPOBAHUEM.

B cootBeTcTBHU € yKa3aHHOH LENIbIO PEIIAINCH CIEAYIOLIUE 3aJaul: UCCIIEI0BAHO BIHUSIHUE
BBICOKOIIPOYHON MPOJ0JILHOW apMaTypbl HAa HMPOYHOCTHBIE U JAe(opMaTHBHBIE CBOMCTBA THOKHX
KOHCTPYKIIWUI; BIUSHUE MPOILIEHTA MPOAOILHOIO0 apMUPOBAHUS Ha NMPOYHOCTHBIE, Ne(hOpMaTUBHBIE
CBOICTBa, a TAKXKE HA XapaKTep pa3pylICHUs.

B naboparopuu yHuBepcutera ObLIN U3TOTOBIIEHBI ONBITHBIE 00PA3Ilbl KOJIOHH C pa3MepaMu
200x200x3000(h), u3 Tsmxenoro OeroHa mpovyHOCTBIO fcmx43 MIla, Ha TrpaHMTHOM mHIEOHE |
KBapLIEBOM MecKe. ApMUPOBAINCH CUMMETPUYHO MPOJIOJIBHBIMHU CTEPXKHAMM Juamerpamu: 10 mm,
16 mm u 25 MM u3 craimu kiacca BSOOB u B600B. Ilomepeunass apmarypa mo Bceu IJIMHE
KOHCTPYKILIMU TIPEACTaBI€Ha B BHUJIE€ XOMYTOB M3 CTEp)KHEH TUAMETPOM 8 MM, pacHoJIOKEHHBIX C
maroM 200 mm.

HcnplTaHuss KOJIOHH MPOBOAMIMCH B THAPABIMYECKOM IPECCE ¢ MAaKCUMAJIbHBIM YCHUIMEM
400 kH. Cxema 3arpykeHus IpeycMaTpuBaja co3aHue yCIOBUA pabOThl KOHCTPYKIIUHA KaK CTOEK
C IIAPHUPHBIM ONIUPAHUEM, C OJMHAKOBBIM HAIPaBJIECHUEM MPOJIOJIBHON CHUJIBI.

bruto BeIENeHO BE OCHOBHBIE (DOPMBI Pa3pyILICHUS: OT MPOAOJBHOIO U3rMba B cepeiHe
BBICOTBI KOJIOHH U pa3pyIlIE€HUsl OT0JIOBKOB Ha OIOpax.

DKCHepUMEHT MOATBEPAWI 3P PEKTHBHOCTH UCIIONB30BaHUS CTEPKHEBOM apMmaTypbl B600B B
FMOKHMX, CXaTbIX JKEJNe300€TOHHBIX AyieMeHTaX. CTeneHb MCMHOJIb30BaHUS BBICOKOIIPOYHOU
CTEp)KHEBOM apMmaTypbl Ha CXaTHe BO3pacTaeT NpHU TMOBBIIICHUH IMPOLEHTAa apMUPOBAHUSA,
YMEHBILIEHUH BBICOTHI CKaTOM 30HBI M YBEITMUEHNN KPUBU3HBI KOHCTPYKIIUH.

1. EN 1992-1-1:2004+AC:2010, IDT. IIpoexTrpoBaHHE e300 TOHHBIX KOHCTPYKIIHH.

2. IlunoB, A. E. OcobenHoctu yuera 3(G¢EeKTOB BTOPOTO MOPSAKa MPU PAacUeTe CXKATHIX IKEIe300€TOHHBIX
anemenToB 1o TKIT EN-1992-1-1-2009* / A. E. Illunos, B. B. Me3eH // lHHOBallMOHHAs! IOATOTOBKA HHKEHEPHBIX
KaJpoB Ha OCHOBE eBpomeickux cTaHmapToB (EBpokonoB): marepuansl MexIyHapoIHOW HayYHO-TEXHHYECKOU
koH(pepeHuuu. - Munck: BHTY, 2017. - C. 160-166.

3. CemenoB J[. C. Pacuer Hecymieil CrocoOHOCTH KelIe300€TOHHBIX KOJIOHH M0 Ae()OpMHPOBaHHOW CXeMe.
[IpoMBILLIEHHOE U TPpaKAaHCKOe cTpouTenscTBo. 9/2017.
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The results of experimental studies of flexible reinforced concrete columns reinforced
with high-strength fittings.

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

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

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

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

The aim of the work is to perform a calculated and experimental study of compressed, flexible
reinforced concrete columns with longitudinal unstrained rebar of the B500B and B600B classes
combined with cross-reinforcement.

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

In the university laboratory the prototypes of columns with sizes 200x200 x3000 (h), from
heavy concrete strength fem=43 MPa, on granite rubble and quartz sand were made. Reinforced
symmetrically longitudinal rods with diameters: 10 mm, 16 mm, and 25 mm of steel class B500B
and B600B were used. The transverse fixture along the entire length of the structure is presented in
the form of clamps of rods with a diameter of 8 mm, located in a step of 200 mm.

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

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

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

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

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

3. Semenov D. S. Calculation of the carrying capacity of reinforced concrete columns on a deformed scheme.
Industrial and civil construction. 9/2017
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HoBnii 6e3neunuii koH(paitHMeHT — 10cBin kKommaHii Sika

Apmem 3axapoe’, kepienux nanpamxy I'iopoizonayis
IOpiit Cooxo'?, k.m.u, doyenm kagpedpu AMII,

YTOB «Cika Yrpainay,
Hayionanvnuii Yuisepcumem «JIo8iecoka nonimexnikay

[IpoTsroM mnepmux poOKIB eKCIUlyaTalii cTajo 3po3yMiIo, M0 OO0 €KT «YKPUTTSI» €
HECTaOIbHUM 1 HE0OX1HO OyayBaTH HOBY 3aXHCHY OOOJIOHKY. 3a pe3yJibTaTaMd MIXXHApOJHOTO
KOHKypcy OyJi0o 00paHO KOHIIEMIIil0, 110 Majia CKJIaJaTHCs 3 apO4YHOi KOHCTPYKIIii, MPOJIT SKOi
cknagae 257 M, Bucora 108 M, noBxuHa 162 M, a TakoX IHIIMX JOMOMDKHUX criopyna. HoBuit
Oesneunuii koHpaitHMeHT po3paxoBaHo Ha 100 pokiB ekcrutyararii. baraTopiuni qocBia KOMIaHii
Sika, HasBHiICTH HEOOXIAHOT TEXHIYHOI JTOKYMEHTAIlll Ta MKHApOIHUX He3aekHuX CeprudikatiB
Ha MPOAYKIIIO T03BOJIMB OyTH BICBHEHWMH Y HAJIIMHOCTI Ta JIOBFOBIYHOCTI 3alIPOIIOHOBAHUX HAMH
TEXHIYHUX PIIICHb Ta TEXHOJIOT1i — Bi PyHAAMEHTY 10 MOKPIBIIi.

Beron. Crnenianictu KHYBA, ski 3aiiManuch MpOeKTYBaHHAM Ta JOCTIDKCHHSAM OCTOHHUX
CyMiIIei 1 TEXHIYHUM CYIIPOBOIOM MPOTSATOM BChOTO MEPioay Oy IiIBHHUIITBA PO3POOUIN TIpOrpamy 3
JIOCITIJDKEHb MPUIATHOCTI OETOHHUX CyMIIIeH 3 1o0aBKaMu Pi3HMX BUPOOHHUKIB, MPOTE HAWKpAITUX
pe3yabTatiB Oyso mocsraytu 3 SikaPlast 2508. Bumoru 10 106aBok — MynbTH(YHKIIIOHAIBHICTD
st 6eroniB B7,5-B50, cTabinbHICTh BIaCTHBOCTEH OSTOHHOI CyMIIlll MPOTATOM TPUBAJIOTO Yacy
TpaHCHOPTYBaHHA (5 TOA.) Ta TrapaHToBaHe 3a0e3nedeHHs (i3MKO-MEXaHIYHUX BIACTUBOCTEH
OETOHHHUX KOHCTPYKIiH. 3araipHuii 00’€M BHTOTOBICHHMX OeToHIB 3 mobaBkoro SikaPlast 2508
ckias 150 000 m3.

Figpoizoasinia. CxieniHHA apKu Mg 4acy JAOIly 30Mpae BEIWYE3HY KUIbKICTh BOJIH, SIKY
BIJIBOJSITH B JIBa «IITOPMOBHX OaceiHM» - Hi B IKOMY pa3i He MOXHA IyCTUTH I1i IIOTOKH BOJH TIiJT
OCHOBY apku. B3umky B Oacelinu 3 Bucotu 108 MeTpiB CXOAMTH CHIT Ta KPUTa, TOMY T1APOi30JIAIIi0
Tpeba HamiiHO 3axUCTUTH. Bci kabenpHI KaHaIM, KOJOMA31 HAa MPOMUCIOBIM JUISHIN TaKOX
3aXUIIATUCH BiJ] BIUIUBY BoJIOTU. CBOE 3aCTOCYBaHHS 3HANIILIN CUCTEMH CIIELIaTIbHUX CTPIYKOK IS
mBiB Sikadur Combiflex, naOpsikatoui B koHTakTi 3 Bojor Martepiamu SikaSwell, in’ekmiiini
cmouu Sika Injection, rigpoizonsuiiiai matepianu Sikalastic, 6itymui mactuku Sika lgasol.

IMinsoru, ctinum Ta creni. 3HOCOCTIliKI, O€3IIOBHI, Taki IO JIETKO MPUOHMPAIOTHCA Ta HE
HaKOMUYYIOTh PaJlOaKTUBHICTh. OKpIM MiAJIOT, MOKPUTTS HAHOCWIMCh HAa CTIHM Ta CTEI0 — 3
BHCOKOIO XIMIYHOIO CTIMKICTIO Ta BIAMIHHUMHU J€3aKTUBAI[IMHMMHU BIIACTUBOCTAMH. JIJIS I[HOTO
BUKOPHCTOBYBamu emnokcundi mokputts Sikafloor, Sikagard, saramom 6mmssko 25 000 w2
[TpuMuKaHHS 10 CTIH Ta TEXHOJIOTIYHOTO OONagHaHHA - XiMmiuHO cridikuii ITY-repmerux Sikaflex
Tank N. [IIupokuii moB Mi’k HOBOIO OETOHHOIO TUIUTOIO Ta CTIHAMH CTApOro 00’€KTy «YKPHUTTS»
Oyuo HaniitHO repmeTn3oBano pinkum 2K I1Y-matepianom Icosit KC.

IokpiBai. Jleski cmopyam, mo 3HaxomaThcs mo3a Mexamu apku HBK morpeGyBanm
Ha/3BUYaiHO HajiiHOi Ta moBrosiuyHoi mokpiBmi. Ile TIIO-memOpana Sarnafil TG 66-20
TOBIIMHOIO 2 MM 3 OamactoMm. Takok Ha MOKPiBJi OyJI0 BUKOPUCTAHO CremiaibHi Kirei Sarnacol,
pinki I[TY-memOpanu Sikalastic, neroproui nokpurts Sika Ecran.

Texniyna migrpumka. CroigpHa po3poOKa CHUCTEM MaTepialliB 3 MPOEKTHOI TPYTOI0
MOYMHANAcs 3 OTPUMAaHHS TEXHIYHOTO 3aBJaHHS Ta OOTOBOPEHHS BAKJIMBUX JETalei AJs JaHOTO
pimenHs 3 TexHiuHuM BigaiioMm Cika YkpaiHa, Ta B KIHLEBOMY pe3yJbTaTl NPUHHATTS PIIICHHS
CTOCOBHO TOi YM IHIIOI cUCTeMH MaTepiaiiB. B neskux Bumagkax 3amydanucs QaxiBii KoMmaHii
Sika pi3HuX TiAPO3ALTIB 3 IHIIKUX KpaiH A pO3B’sI3aHHS CKIAJHUX MATaHb CTOCOBHO HAIIHHOCTI
TUX YM 1HIIUX MaTepiajiB Ta CHUCTEM. 3aCTOCYBaHHS HOBHX MaTepialiB MOTpeOyBalo MOCTIHHOTO
MPOBEACHHS HABYAHHS MAPATHUKIB. Bcl HaBYayibHI Mporecu BiOyBaauCs B peaJbHUX yMOBax
OyaiBHMLITBA Ta MOTpeOyBalii TOCTIHOTO KOHTPONIO, K 31 CTOPOHM TEXHIYHOTO HarJsLy
MiIPSTHUKA, TaK 31 CTOPOHHU TexHIuHOTO Biaainy Cika YkpainHa.

1. Texuonoriunuit pernmament Sikadur Combiflex SG System. Heomny6:ikoBani marepianu kommnaii Sika.
2. CucremHi pinrenns Sika 3 rimpoizosnsuii mokpisens. Heomy6uikoBani maTepianu kommnanii Sika.
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The New safe confinement - Sika's experience

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

Sika Ukraine LLC,
State University “Lviv Politechnic”

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

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

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

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

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

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

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

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

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

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

1. Method Statement of Sikadur Combiflex SG System. Unpublished materials from Sika.
2. Sika System Solutions for Roof Waterproofing. Unpublished materials from Sika.
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IIanenn 3 monepevyHoO-KJIE€HOI JePeBUHU APMOBAHA KOMIIO3UTHUMH CTPiYKaMu

Jlenuc MuxaiinogcoKkuit, Ookm. mexu. HayK, npoghecop Kagpeopu memanesux ma 0epes ssHux
KOHCMPYKYIU.
Muxona Komap, acnipanm

Kuiscokuii hayionanvruil yHieepcumem 0yoienuymea i apximexmypu (m. Kuis)

BucotHi criopyu 3 cydacHUX KOHCTPYKIIIM Ha OCHOBI JepeBMHHM HAaOyBalOTh BCce OLIBIIOTO
MOIIMPEHHS B ycboMY CBITI. KOHCTpYKIIT 3 AKMX 3BOAATHCA TakKi OyIMHKU 1 CIIOPYAU € IPEIMETOM
HayKOBUX BHUIpPOOYBaHb, JOCII/DKEHb, B SKHUX IMOKa3ye€TbCs, 110 BOHM KOHKYPEHTOCHPOMOXKHI,
€KOJIOT1YHI Ta eKOHOMIuHl. JlepeBuHa 3aBxau Oyjia MOMyJSIpHUM OyJIBEIbHUM MaTepiajioM
3aBJIKM CBOIM TEXHOJIOTITYHMM XapaKTEepUCTHKaM, Ta MPUPOAHUM ECTETUYHUM SKOCTSM.
[lepcieKTUBHUM HANPSMKOM IPOEKTYBaHHS J€peB’ THUX Oy/1iBeNb € MiABUIIECHHS €KOHOMIYHOCTI Ta
HaJIMHOCTI KOHCTPYKLIH 3a paxyHOK apMyBaHHS HaHeJIed 3 MONepedyHO-KICEHOT JepeBUHU
KOMITO3UTHUMH CTpIYKaMH Ta €(eKTUBHOI'O BUKOPUCTAHHS iX HECYYOi 3/1aTHOCTI.

Metoro poboTH € po3poOka TMaHedi 3 TONEPEeYHO-KJICEHOI JepeBMHM apMOBaHOI
KOMITO3UTHUMH CTpIYKaMH, fKI MalOTh MIJBUIIEHY HECydy 3[JaTHICTb HpU iX poOOTI HA 3rHUH
BUKOPHCTOBYIOUM METOAMKY 3a aHainorieto [1]. [laHens 3 momepeuHO-KII€€HOT AepeBHHU Micis ii
BUT'OTOBJIEHHSI apPMY€THCS KOMIIO3UTHUMHU CTPIYKaMU MO HM)KHBOMY 30BHIIIHBOMY ILIAapy JOUIOK.
ApMyBaHHs NaHeneil 3 MONepPeyHO-KIEEHOI JepEeBUHHM IPONOHYETHCS BHKOHYBATH CTpIUKAMHU 3
MOJTIMEPIB MIJACUICHUX BYTJICIICBUMU BOJOKHAMHU HAKJICEHUX B3JIOBXK BOJIOKOH 30BHINIHIX IIApiB
JIOIIIOK, 32 OKpeMUM po3paxyHkoM [2] (puc.l.). CTpiuku HAKJICIOIOTHCS Ha KOHCTPYKIIIO B SKOCTI
30BHIIIHBOTO apMYBaHHSI BUKOPUCTOBYIOUM €TIOKCUIHUM KJieil. ApMyBaHHS MMaHeseH 3 MonepevHo-
KJICEHOT JIEPEBMHU KOMIIO3UTHMMHU CTpIUKaMM [J03BOJsi€ 30UIBIIUTH iX HeCydy 34aTHICTb, IpHU
30epekeHHI T€OMETPUYHUX PO3MIpIB NONEPEUHUX Nepepi3iB. 3aCTOCYBAaHHS MMAaHENEH 3 MOoNepeyHo-
KJICEHOT JIEPEeBMHM apMOBAHMX KOMIIO3UTHUMH CTpiUKaMHM HE Mae€ aHaioriB B CBiTi. Take
KOHCTPYKTHBHE DIIIEHHS JO3BOJI€: MIABUIIUTA HECydy 3JaTHICTh NaHesled, 3MEHUIUTH
TreOMETPUYHI MapaMeTpu, a CcaMe BHCOTH IIONEPEYHOro Iepepidy, BHUKOHYBATH IMiJACHUJIICHHS
ICHYIOUHX MaHeJeH 3 MOoNepeyHO-KICEHOT IEPEBUHU MTPH 301JIbLICHH] MPOSKTHUX HaBaHTAKEHb.

Bun A
i

S S OTpuMaHi pe3ysbTaTH JOCIiIKEHb
CBiZUaTh, 10 MAHENb 3 MOMEPEYHO-KICEHOT
JIepEBUHH apMoBaHa KOMITO3UTHUMH
CTpiYKaMu JI03BOJISIE 301IBIIUTH X Hecydy
§  3IaTHICTH, MJBHIIUTH Ne()OPMATUBHICTH Ta
HaAIHICTh KOHCTPYKIIIH B IIIIOMY.

[lanenr 3  moOmMEpeYHO-KIICEHOT
' JIePEBUHH apMoBaHa KOMIO3UTHUMH
b CTpiYKAMH € HOBHM KOHCTPYKTHUB-HUM
S ot eIeMEHTOM, M0 TNOTpedye MOJaIbIIOrO
JIeTalbHO BUBYEHHS poOOTH 3 MO3MMil
HaIpy>keHO-1e()OPMOBAHOTO CTaHy Ta

Puc.1. Ilanens 3 monepeyHO-KIEEHOT IEPEBHHN apMOBaHa
KOMITO3UTHUMH CTPIYKaMH 110 30BHIIIHIM MIapaM JIOIIOK.

pPO3pOOKH METOAMKH PO3PaXyHKY SIK OKPEMHX €JIEMEHTIB, IO MPAIIOIOTh Ha 3TWH, TaK 1 MUIAX
OyniBenb 3 X 3aCTOCYBAaHHSM SIK CHCTEMHU «OCHOBa-(pyHIaMEHT-HA3eMHa KOHCTPYKITisD».

1. M. B. MuxaiinoBcekuii, M. A. Komap. [mkeHepHa MeTOIMKa PO3paxyHKy €JIEMEHTIB 3 KIJICEHOI AEepEeBUHH,
apMOBaHOI KOMIO3UTHOIO apMaTyporo / Muxaiinockuii JI. B., Komap M. A. // ByniBenbHi KOHCTpyKIii, Teopis i
npaktrka Ne7 KHYFBA, 2020. DOI: 10.32347/2522-4182.6.2020.93-100 - C. 93 - 100. — 128 c.

2. . B. MuxaitnoBcbkuii, A. A. Komap. AHami3 iCHyIOUMX METOJHMK PO3PAXYHKY IaHEeIeH 3 MepexpecHO-KICEHOT
JIEPEBHHU 32 IpPyTUM rpaHuYHAM cTaHoM / Muxaitnosckuii /1. B., Komap A. A. // ByniBenbHi KOHCTpYKIii, Teopis i
npaktrka NeS KHYFBA, 2019. ISSN: 2522-4182 - C. 24 - 31.
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The panel from cross-laminated timber is reinforced with composite tapes

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

Kyiv National University of Construction and Architecture

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

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

— : their bearing capacity, to increase
Jroag) o] Jrnen] A deformability and reliability of
a3 ooz designs as a whole.
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Fig.1. The panel from cross laminated timber is reinforced with
composite tapes on the outer layers of the boards.

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

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

2. D. V. Mykhailovskyi, A. A. Komar. Analiz isnuuchih metodik rozrahunku paneley z perehresno-kleenoi derevini
za drugim granichnim stanom / Mykhailovskyi D. V., Komar A. A. // Budivelni konstukchii, teoria i praktika Ne5
KNUBA, 2019. ISSN: 2522-4182 - S. 24 - 31.
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TeopeTnyHi mapamMeTpu cTajJleBUX ro(ppoBaHUX 0AJTOK ONITHMAJIBHOI BUCOTH

Jwomuna Jlagpinenko, Kamo.mexH.HAYK, OOyeHm Kageopu memanesux I O0epesHUx
KOHCMPYKYIU
Kuiscokuii Hayionanvruil yHisepcumem 6yOisHuymea i apximexmypu (M. Kuig)

. [Toka3zaHo, IO JesAKi TEOMETPHYHI MapaMeTpu OajKd 3 MOMEPEeYHO TOPPOBAHOIO CTIHKOIO
MOXYTh OyTH TIpU3Hau€HI SK ONTHUMalbHI 3 ypaxXyBaHHSAM OOMEXKEHb 3a MIIHICTIO 3a
HOPMaJIbHUMH Ta JOTHYHUMH HANPY>KEHHSIMH, CTIHKICTIO TOpOBaHOT CTIHKM Ta KOHCTPYKTHBHUMHU
obMmexxeHHsIMU. {711 OICUMETpUYHOTO Tepepizy HaUmpoCTIUM € KpuTepiit miHimymy. Knacuuna
3a/la4a pO3MISIHyTa 3 ypaxyBaHHSM poOOTH TOQPOBAaHOI CTIHKM B CKIaai Oanku. MaremaTudHa
MOJIeNIb MOOYy/I0BaHa SK 3agada MiHIMIZamii 1iaboBO1 ¢GyHKIIT (Macu Oanku) 3 ypaxyBaHHSIM
KOHCTPYKTUBHUX KoedimieHTiB. BpaxoBaHi oOMeXeHHs 3a MILHICTIO CTIHKM Ha 3pi3 Ta BTPATOIO
CTIAKOCTI CTIHKHM 3a 3arajbHOi ¢opmMoro. Po3risHyTi 3Ha4YeHHsS MiHIMAJIbHOI BUCOTH Oajaku 3a
YMOBOIO HETIEPEBHIICHHS JOMyCTUMOTO IPOTMHY 3 ypaxyBaHHAM Je(opmaiiii 3CyBy TOHKOI
CTIHKM. YTO4YHeHI oOMexeHHs 3a nedopmaTuBHICTIO. OOMEXEHHS HE € aKTUBHUMH Ta
BUKOPUCTOBYIOTBCS SIK Taki, 10 0OMEXYIOTh 00JIacTh po3riisiayBaHux mapamerpis [1]. Orpumani
3aJIe)KHOCTI, 10 JO3BOJIAIOTH aHANI3yBaTH ONTHMAaJbHI 3a BUCOTOIO Oalky, BUSBUTU 00J1acTi
e(pEeKTUBHUX pIIICHb Ta BCTAHOBUTH pALlIOHAJIbHI KOHCTPYKTHBHI pILICHHA TOKPUTTIB Ta
MEPEKPUTTIB 13 3aCTOCYBaHHSAM OajoK 3 TO(QpPOBAaHMMH CTIHKAaMH. YTOYHEHHS BIUIMBY
KOHCTPYKTUBHUX KOE(IIIEHTIB MOXKIIUBE MapajiesIbHO 3 aHAJli30M TaKUX KOHCTPYKTUBHUX DIllICHb,
0 TPHU3BOJATH JO 3MEHIIEHHS IMX KOoe(]IIieHTIB, HANpUKIaa, Tepenada HaBaHTAXKECHb Bij
CYMDKHHMX KOHCTPYKIIiii 0€3 BKIIOUEHHS CTIHKU Y poOoTY [2].

JlocmiKeHHsT YTOYHIOE MEX1 3aCTOCYBaHHS TOHKOCTIHHHUX TO(poBaHHMX OaJloOK 3a yMOB
peKOHCTpYyKIii OyniBenb i3 30UIBLICHHSAM HABAHTA)KEHHS HA TEPEKPUTTS 3 IMOBHOIO 3aMiHOIO
MEPEeKPUTT ad0 WOro MiJCWICHHS IIUISIXOM BCTAHOBIICHHS JIOJATKOBHX OalloK, Jie¢ BUCYBAKOTh
BUMOTH. YTBOPEHHS MIEPEKPUTTIB MOHIKEHOI BUCOTH. J{0CTIIKY€ETHCS Ta MPOXOAUTH arnpoOariiro

34aCTOCYBAHHA TaKUX 0ajJoK B

b KOMOIHOBaHMX  KOHCTPYKIIISIX
» MOKpHUTTIB [3].
[okazani obsacTi paioHaIEHUX
» g hw=1500mm pimens. YucenbHi AOCITiAKCHHS
T e nposeneHi IS GaIKOBHMX
" w/ KOHCTPYKLI 3  XBHJSICTONO
| ro)poBaHOIO CTIHKOIO, B SIKOCTI
23— hw=1000mMM

i . | 00MEKEeHb MIPOEKTYBaHHS

N I BUKOPHCTOBYIOThCS
) o A e W S HEPIBHOCTI/piBHSHHS ) yMOB
x— [ A ey IS IV ¥ 3a0e31eUeHHs] HeCydoi 3/aTHOCTI
) M /*/ T 3a JIBH 3.2.6-198. Orpumani
; sy 1 OITHMAaJibH1 3HAYCHHS BHUCOTHU
! v 0alku Ta TMOB’s3aHI 3 HHUMH
15 20 25 30 4,0 5.0 6.0 tw, Mm 3HAYCHHS rnapamMeTpiB 3a
KPUTEPiEM MIHIMyMy Macu B
niama3oni 3aCTOCOBYBaHUX

Puc. 1. TeopernmuHi TpaHW4YHI TPONBOTH  TOPpPOBaHHUX OAaJOK,
3allPOEKTOBAHMX 3 ONTHUMAJbHOIO BHCOTOIO (JIiHIHE HaBaHTaKEHHS
16,2 kH/m, o0mactp IOMyCTUMHX pIllleHb PO3MILICHA HIKYE
BiJIMTOBiTHOT KPHUBOI)

OpONBOTIB T4  HABAHTAXEHb
(puc.1).

1. JlaBpinenko JI.I., Omiitnuk 1.}O. O61acTh onTHManbHUX HapaMeTpiB craneBux ropposanux 6anok // ByniBenbHi
koHcTpykuii. Teopis i mpakTuka. Bum.7 (2020) — ¢.45 — 56. DOI:10.32347/2522-4182.7.2020.45-56

2. By3o11 cripsbKeHHsI CTajleBUX 0AJIOK 3 MONEPEeYHO ro)pOBaHUMH XBHISICTUMH CTIHKAMHU: IIATEHT HA KOPHUCHY
monenb Yipaina: MPK E04C 3/07 (2006.01). Ne120477 / Himog O.0O., JIaBpinenko JL.I.,Cemuyx 1.1O., Hinosa T.O.
—3asBi. 01.03.2017; omy6ur. 10.11.2017, Bron. Ne 21. 4 c.

3. JlaBpinenko JLI., 3orina A.C. EdexTuBHI mapaMeTpu ManoeIeMeHTHUX IIMPEHTEIbHUX (hepM 13 3aCTOCYBAaHHIM
JIBOTaBPOBUX €JIEMEHTIB 3 ro)poBaHuMH cTiHKamu // ByniBenbHi koHcTpykiii. Teopis i npakruka. Bun. 4 (2019) —
c. 56 —69. DOI: https://doi.org/10.32347/2522-4182.4.2019
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Theoretical parameters for steel corruganed web beams with optimal height

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

Kyiv National University of Civil Engineering and Architecture

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

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

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

L optimal parameters of the beam
height and  effective  design

3% parameters. The method makes it
- et possible to establish rational

* Oondneniin solutions for the planning of
2 fegapyanb d— | coverings and floors made of

2 P | corrugated board, taking into
= 22— h=1000mm account the real conditions of

" = )/ N operation  and  reconstruction,
Lo sl A e B providing technological
I A e I B requirements and fire resistance

) e e i B N requirements. The po_55|b|I|ty_ of
e —f 1 effective use of beams in combined

’ ! 7 structures is shown [3]. An example
15 20 25 30 40 5.0 60 fw,mm of determining the range of optimal

parameters is shown; the area of

. . . ] ) optimal parameters is within the
Fig. 1. Theoretical limit spans of corrugated beams designed with area of stiffness and technological
optimal height (linear load 16.2 kN / m, the range of permissible limitations (Fig. 1).
solutions is located below the corresponding curve)

1. L.I. Lavrinenko, D.Yu. Okeynik, " Oblast" optymalnyh parametriv stalevykh hofrovanyh balok”, Budivelni
konstruktsii. Teoriia i praktyka, vol. 7, pp.45-56, 2020. DOI:10.32347/2522-4182.7.2020.45-56

2. Vuzol spriazhennia stalevykh balok z poperechno hofrovanymy khvyliastymy stinkamy: Patent na korysnu model
UA: MPK E04S3/07 (2006.01). Ne120477 / O.0O. Nilov, L.I. Lavrinenko, T.O. Nilova, I.Y. Semchuk — zaiavl.
01.03.2017, publ. 10.11.2017, Biul. no. 21, 4 p., 2017.

3. L.I. Lavrinenko, A.S. Zotina, "Efektyvni parametry maloelementnyh shprengelnyh ferm iz zastosuvanniam
dvotavrovyh elementyv z gofrovanimy stinkamy", Budivelni konstruktsii. Teoriia i praktyka, vol. 4, pp. 56-59, 2020.
doi.org/10.32347/2522-4182.4.2019.56-69.
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Ocob6amBocCTi 6araTomapoBuX KOHCTPYKIIi 30BHILIHIX CTiH

Anopii Ma3sypak, Kano.mexH.HayK., OOYeHm,
Bimanin Kanvuenko, acnipanm xageopu TOB,.
Oxkcana Masypak, kano.mexu.Hayk ooyenm xagheopu exonozii

JIvgiscokuii HayionanvHull azpapruti yHisepcumem (m.JIv6is)

VY 3B’s13Ky 13 3MIHOI0O HOPMATUBHHMX BHMOT JO TEIJIOBOIO OMOPY 30BHILIHIX OrOPOJIKEHb, B
Cy4yacHid MpakTUIli OyAiBHHUIITBA BHUKOPHUCTOBYETHCS BEJIMKA KUIBKICTh CHCTEM YTEIUICHHS, SIKi
0CO0JIMBO HMIMPOKO 3aCTOCOBYIOTHCS y OaraTonapoBUX KOHCTPYKIISIX CTiH. 3p03yMilIo, 1110 KOXKHA 3
IIUX CHCTEM Ma€ CBOI IIEpeBaru Ta HEJOJIKH, 1 BIAOBIIHO, pallioHanbHy c(hepy 3aCTOCYBaHHS.

B OyniBenbHIN MpaKTUIll BUKOPUCTOBYIOTHCS TaKi OaraTomapoBi CUCTEMH OTOPOKEHb CTiH:
CUCTEMa 3 CYIUIBHOIO TETUIOI30JISII€0 0e3 MOPOKHUH (YTEIUICHHS CTiH 332 METOJOM CKPIIUICHOT
TEIJIOI30JISIIIIT Ta TOPKPETYBAHHS 1O IIapy TEIUIOI30JALIMHOrO Martepiainy); CUCTeMa 3 3aXHCHHM
JICKOPAaTUBHUM €KPaHOM Ta BEHTHISALINHUM IOBITPSHUM MPOIIAPKOM; CHUCTEMA «TEIUTUX» IITY-
KaTypoK (BUKOHAHUX MOKPHM IPOLECOM); cUcTeMa 3 OOJHUIFOBAHHSM LIETJIO, IPIOHOMITYYHUMHU
€JIeMEHTaMH Ta NPOIIAPKOM 13 YTEIUIIOBaYa; CHUCTEMa 13 YTEIUIIOBAYa, 3MIITHEHA 3aXHCHUMU
mapaMud. KOHCTpYKTHBHE BUPILLIEHHS CTiH, B SIKAX LIAp TEIJIOBOI 130JIAIi1 KPIIUTHCS 10 HECY4Oi
YaCTUHU CTIHM 3a JOMOMOTOI0 KIEHOBHX PpO3YHMHIB Ta MEXaHIYHUX 3aco0iB KpiIUIEHHS 3
HAHECEHHSM 3aXUCHOTO MOKPUTTS, Y TOPKPETOETOHY Ha LIap TEIJIOBOI 130411 13 ONOPSHKEHHIM
MOBEPXHI € HAaHOUIBII MOIMPEHUM, IPOTE MA€ P 0OMEXEHb. SIK BapiaHT «CyXOro» BUKOHAHHS, B
SIKOMY IIIap TEIUIOBOI 130JIA1ii KPIMUTHCA JO HECY4YOi YAaCTHMHHM CTIHM MEXaHIYHO, 33 PaxyHOK
KpINWJIBHUX €JIEMEHTIB KapKacy, Ha SIKUI HaBIIIYIOTbCS OMOPSKYBAJIbHI €JIEMEHTH 3 YTBOPCHHSAM
(hIKCOBAHOTO 110JI0 TOBIIMHU MOBITPSHOTO MPOIUIAPKY, € BJIAIUM KOHCTPYKTUBHUM BUPIIIEHHSM,
MpoTe 3 MiABHIIEHOI BapTicTio. Ll KOHCTPYKTHBHA cHCTEMa JIO3BOJISIE HE JIMIIE YTETUTUTH (hacan
BHUCOTHUX OYJHMHKIB y Pi3HY MOPY POKY, aje 1 3aCTOCOBYBATH IMPOCTO ISl OOJIUIFOBAHHS 1 3aXUCTY
OTOPOJDKYBAIBHUX KOHCTPYKIIIH, a TAKOK HAJIA€ apXiTEKTYPHY BUPA3HICTh Oy IiBIIi.

JIBocTopoHHE HaHECeHHS €(EeKTHUBHOI TEIUIOI3OJAIMHOI ITyKaTypku (2x50mm) 13
o0JIereHNX HATIOBHIOBAYiB (HANPHKIIaA, Mikpochepr) morpedye BUCOKMX TEXHOJIOTIYHUX HABHUKIB
B TIpolleci BHKOHAHHS. IX MOKHA HAHOCHUTM Ha Kpyrily, apouHy IIOBEPXHIO, BHKOHYBATHU
pI3HOMaHITHI JIEKOpaTHBHI €JEMEHTH, YTEIUIIOBATH BHUKPUBICHI IUISHKKA ¢acary i BCepeauHi
MPUMIIIEHb. 3arajJoM CKOPOYY€EThCS MAaTEPiaIOMICTKICTh 1 BAPTICTh CAMUX POOIT.

BararomapoBa cTiHa i3 KaM'SHUX IITYYHHX EJIEMEHTIB 3 YTEIUTIOBAaYe€M BCEPEIMHI CTIHH
BUKOPHCTOBYETHCSI HaldacTillle B HOBOMY OYMIBHHUIITBI 1 HAJICKUTh O TPATUIIHHUX CIOCOOIB
3BeneHHs. Lle B meBHiil Mipi MOKHA BIHECTH 1 10 KOJOA3HOI KiIajgku. TpHuimapoBa KOHCTPYKIIis
CTIHM 13 yTeIUTIOBa4a 3MIIIHEHOTO 3aXUCHUMU mapamu € MJIM-cuctema, B sSIKiii IIHOTOJICTUPOJIBbHI
TUTUTH 3HAXOJATHCS B CEPE/IHIN 30HI, MDXK JIBOMA IUIOCKUMU CITKaMH, SIKi 3’ €IHAHI JiarOHAIbHUMU
po3KocaMH apMaTypd, 3axulleHi 3 000X OOKiB apMOBaHMMHU IIapaMd PO3YHMHY YU
IpiOHO3epHHUCTOTO OETOHY 1 TOpKpeTOeToHy (ToBIIMHOIO 110 40-60 MM). B pe3ynbrate yTBOPIOETHCS
BITHOCHO JIerKa, TPHOXMIpHA CTEep)KHEBa CHCTEeMa MiABHILIEHOI »OopcTKocTi. Hemomikom Takoi
KOHCTPYKIii MOXXHa BBaXaTW BIJIHOCHO BEJHMKY BapTICTh NaHENeH Ta BUKOPUCTAHHS MOKPHX
MPOIIECiB NMPU BUKOHAHHI po0iT. Ha 0CHOBI MPOBEIEHNX BJIIACHUX €KCIIEPUMEHTAIBHUX JTOCIIKECHb
MPOMTOHY€EMO KOHCTPYKIIIFO 1 TEXHOJIOTII0 BIIANITYBAaHHS 0araTomapoBOi CTIHH 13 COJOMH,
3MIIIHEHOI TOpKpeTOeToHOM. TexHouoris nepeadayac HAHECEHHS apMOBAHOTO TOPKPETOETOHY Ha
COJIOM’sIHI TIOKH, SIKI Micysi HaOupaHHs MIHOCTI OyyTh BUCTYIIATH B SKOCTI KOMIIOHEHTa 3aXUCTY
MOBEPXHI COJIOMHM, a TaKOXX KapkKacoM OaraTomapoBoi CTiHM. 3amporoOHOBaHa TEXHOJOTIs
MPONOHYETBCS  UII  CUTBCHKOTOCIONIAPCHKUX, BUPOOHWYMX, TPOMAACHKHX 1  IMBUIBHUX
MaJonoBepXoBUX OyaiBenb 1 cropyld. KOHCTpyKIilO CTiHM 13 COJNOM’SHUX OJOKIB, 3MII[HEHOI
TOPKPETOM, 3aXHILEHO MaTeHTOM Ha KopucHy moaenb UA Ne 83691 U.

1. Masypak A.B. CyuacHi TEXHOJIOTiYHI BHpILIIEHHS IpH BIAINTYBaHHI Terwioizomsuii ¢acaniB / CydacHi
TEXHOJIOTi1,MaTepiany i KOHCTpyKii B OyniBHUMTBI:. Binaumsa: YHIBEPCYM -Biuanis. 2009. — No2.-¢.75-81.
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Features of multilayer constructions of external walls

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

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

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

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

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

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

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

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

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

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

1. Mazurak A.V. Modern technological solvings when arranging heat insulation fasades/ Modern tecnologies
materials and stractures in cival engineering: Vinnitsia: UNIVERSUM.- Vinnytsa, 2009 -Ne2, -p.75-81.
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I'anna IInakoea, 0okmop. exoHoMm. HAYK, npogecop Kageopu 06yOigeIbHUX MEXHON02IN

Kuiscoruii nayionanvnuil ynisepcumem 0yoienuymsea i apximexkmypu (m. Kuis)

[Tig gyac pekoHCTpyKIii OyAiBeNb 1 CHOPY/ HAHOLIBII MOMYJISPHUME CIOCOOAMU MiACUIICHHS
KOHCTPYKIIii € 30UTBIICHHS iX MOMEPEeYHOro mnepepizy 3a paxXyHOK NMPUETHAHHS HOBUX JIOJaTKOBHX
€JIEMEHTIB, 3aCTOCYBaHHS 3aTSHKOK Ta IIMPEHTENIB, sIKi YTBOPIOIOTH TOMEPEIHE HAMPYKCHHS B
KOHCTPYKIIISIX, BIJIAINITYBaHHS yOJIFOIOYUX EJIEMEHTIB I MEePEpO3MNOiTy HABAHTAKEHHS 1, 5K
CJIIICTBO, PO3BAHTAXECHHS KOHCTPYKLIH.

TpaguuidHO JUIS MiACWICHHS BEPTHKAIBHUX KOHCTPYKIIH — KOJOH BUKOPUCTOBYHOTHCS
JOJIATKOBI eJeMeHTH: 000¥MH (3ami300eToOHHI abo CcTajeBi), ABOCTOPOHHI ab0 OJHOCTOPOHHI
po3ripku, Tomo. [IpoTe Taki pilllIeHHS MarOTh Ps HEIOMIKIB: 3MEHIYETHCS BHYTPIIIHS T€OMETPIis
OyIiBJIi, 30UTBIIY€ETHCS Bara KOHCTPYKIIIH MiCis peKOHCTpYKIii, Tomro [1]. B Takux ymoBax 061acTh
3aCTOCYBaHHsI 3alpOINOHOBAHUX TMPOEKTIB Oynae oOmexeHa. Ciia BII3HAYUTH 1 TEXHOJIOTTYHI
HEJOJIKH, TOB’sI3aHi 31 3HAYHOIO TPYJOMICTKICTIO POOIT B CKIQJHUX CTHUCHEHHX (OOMEXKECHHX B
MPOCTOPi) yMOBaxX 13 3aJlydyeHHSM SK BHCOKOBAapPTICHOTO OOJagHAHHSA, TaK 1 JOJaTKOBUX
BHCOKOKBaJTi(hikoBaHHUX (axiBIiB [2].

butbm epexkTHBHUM 1HHOBAIIMHUM METOJIOM IIIJICHJICHHS KOJOH € Croci0 IMOCHIICHHS 3a
JIOTIOMOTOI0 KOMITO3UTHOTO Matepialy — BYIJIEBOJIOKHA, OCKUIBKH TPYHTYETHCS HAa OOMEXKEHHI
norepevHoro Je)opMyBaHHSI €JIEeMEHTa 4Yepe3 BHCOKY MIIHICTh Ha PO3TATHEHHS Marepiaity
BOJIOKHAa. Ha BinMiHy Bif cTalii, IO CTBOPIOE MOCTIHHHMM pagiaibHUN TUCK HA MiACHIIOBAaHHUNA
€JIEMEHT TICJsl JIOCSTHEHHS IUIACTUYHOCTI, BYTJICBOJIOKHO TPYXKHO JePOPMYETbCS ax JIO
pyWHYBaHHS 1 HaJa€ 3pOCTAIOYMA MACHUBHUIM pajlialbHUN THUCK HAa OETOH, MO 3HAXOJMTHCS T
OChOBUM HaBaHTaKEHHSM (puc. 1).
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Puc. 1. [lopiBHsinpHUH Tpadik nedopMyBaHHS Puc. 2. ®parmMeHT BUKOHAHHS POOIT 3
TIpH MiJICUJICHHI 000iiMaMU 3 pi3HUX MaTepiaiB. M1JICUJICHHS KOJIOH BYTJIE€BOJOKHOM

3 TOYKHM 30py TEXHOJOTIYHHX ITepeBar BHOKPEMIIIOIOTHCS HACTYIHI: BiJICYTHICTh IMOTPeOH B
CKJIaTHOMY TE€XHIYHOMY 0OJagHaHHI (MAIlIMHU Ta MEXaHi3MH); pOOOTH HE OTPEOYIOTh CeNiadbHOT
(By3pkoi) KBamidikailii, OCKUIBKM 3a TEXHOJIOTIYUHMMHU OTepalisiMyd BiAMOBIAAIOTh MPOIECY
BJIAIITYBAaHHS pPYJIOHHOI HAKJICIOBAHOI TiApoi3oisAmii (puc. 2); MaloTh MIMPOKUHA CHEKTP
3aCTOCYBaHHS - BIICYTHICTh PO3MIPHHX OOMEXEHb 3a JOBXHHOIO 110 250 M. Bee e nmpu3BoauTh B
CBOIO Yepry 1O 3MEHIIEHHS TPUBAJIOCTI BUKOHAHHS POOIT 1 CHIPOIIEHHS BUMOT JI0 MaTepialbHO-
TeXHIYHOI 0a3u Ta YnceIbHO-KBali(iKaI[iifHOrO CKIIaay BUKOHABIIIB.

1. O.1. BanoBoii. EdexTrBHI METOM PEKOHCTPYKIIT MPOMHUCIIOBUX Oy IiBEIb Ta IHXEHEPHHUX criopya. — Kpusuii Pir:
Minepai, 2003. — 270 c.

2. Mononen, A. C. DKcrnepuMeHTaJIbHbIE MCCIEAOBAHUS TEXHOJOTUHM YCWIICHHS JKele300€TOHHBIX KOJIOHH
yraeponuasiMu BosiokHamu / A. C. Monogen // Hayka w texmmka. 2020. T. 19, Ne 5. C. 395-399.
https://doi.org/10.21122/ 2227-1031-2020-19-5-395-399.
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Technological aspects of reconstruction when reinforcing reinforced concrete structures with
composite materials

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

Kyiv National University of Civil Engineering and Architecture (Kyiv)

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

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

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

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

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

2. Molodid O. S. (2020) Experimental Research of Technology for Strengthening Reinforced Concrete Columns
with Carbon Fibers. Science andTechnique. 19 (5), 395-399. https://doi.org/10.21122/2227-1031-2020-19-5-395-
399 (in Russian).
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IlepcneKTHBY HAYKOBHX JOCJTIIKEHb 3 MOKJIMBOCTIO BUKOPHCTAHHA Oimodity
AJs1 OyiBeIbHUX MaTepiaJiiB.

Hamania Kypaescvka, xano.mexn.nayx, 0oyenm Kagheopu 0XopoHa npayi ma Ha8KOIUUHBO2O
cepedosuya.

Kuiscokuil nayionanvnuil ynisepcumem oyoienuymea ma apximexkmypu, (m.Kuis).

CrapinHs 1 OIOTONIKOKEHHS MaTepialliB 1 KOHCTPYKIIH TP eKCIuTyaTarlii OyiBenb Ta
CIIOPY/, B TOMY YHCII CIEIiaJbHOTO MPU3HAYCHHS, MOXKE YCKIIAJHIOBATH MEPioJT X BUKOPUCTAHHS,
aX 10 moBHOI i1 HemoxiuBocti [1]. Lle moB's3aHe 3 KOpoO3i€r0 MaTepiaiiB, HaWdacTiie
6aratopa3oBo 30UIbLIYIOYM ii MIBUJAKICT 1 CTyMiHb HOUIKO/DKEHHS cropya. Bcei mi mponecu
00’eHy€e Te, MO OIOMOIIKOKEHHS BUHUKAIOTH SK HACIHIJOK €KOJIOTO-TEXHOJIOTIYHUX (PaKTOpiB,
TUIOBUX I KO)KHOTO BOJHOTO CEPEIOBHIIA, B TOMY YHCII.

B

Puc. 1. biooOpocTanHusi 6eTOHHUX MOBEPXOHb: A, b - BUianeHHs BepxHboro mapy; B -
PO3TPICKYBaHHS 3aJ1i300€TOHHOT IJTUTH

Brpatu Big xopo3sii i 010MOIIKOKEHHS 32 JACSIKUMU JTaHUMU MEPEBHUILYIOTh TECATKUA MIPI.
noxapiB CHIA B pik [2], cnocoOu 3aXucTy 1 00pOTHOM 3 HUMHU aKTyallbHi mie 3 moyatky XX cT. B
ueil mepioq Oyno po3moyaTo MOLIYK 3aXUCTy MaTepialiB 1 CUPOBMHH, TEXHIYHUX INPHUCTPOIB Ta
criopynt Bit 6iooOpactanHs. bopoThba 3 610MOMIKOMKEHHIMA 0OYMOBIICHO: CKOPOYCHHSIM 3araciB
NPUPOJHUX PECYpPCiB; 3pOCTAaHHSAM BHMPOOHMIITBA, CIIOKMBAaHHS pI3HUX MaTepianiB 1 BUPOOIB,
3HWKEHHSIM Yacy (CTPOKIB) eKCIUTyaTallii; HeOOXiqHICTIO eKOHOMIT Ie(iIUTHUX MaTepiaiB.

Mertoro po6oTH €: Kiacu}ikallisl iCHyl0OUMX METO/IIB 3aXUCTY Bijl O10MOIIKOIKEHb HAMPSIMY 3
BJIACTUBOCTSAMHU 00’ €KTy Ta MWOT0 BUKOPUCTaHHA (TEXHIYHOTO MPU3HAYEHHS), BiJ] IPHUPOIU KUBOTO
Oprasi3zmy, BiJi eKOTOKCUKOJIOTIYHOI Jii Ha 010I[eHO3H (CEeeKTUBHE BUKOPUCTAHHS 3aC00IB 3aXHUCTy
B 3QJIEKHOCTI BiJ] TAKCOHOMIYHOTO TIOJIOKEHHS BHIY). bynu BupimeHi 3amadi: aHami3 JaHHX
HayKOBO-TEXHIYHOI JIITEpaTypH, A€ HAUOUTIBII MIUPOKO BHUKOPHUCTOBYIOTHCS METOIW: MEXaHIYHHIA;
XiMiuHUH; (i3uko-ximMiuHuil; ¢izuunuil Tomo. Ll kimacudikamis yMoBHa, TOMYy LIO OUIBLIICTH
METOJIB 3aXHCTy BUKOPHUCTOBYIOTHCA I PI3HUX TPyn MarepianmiB. 3aco0M 3aXHCTy BiJ
6i000pacTaHHs, O10LM/IH, Pi3HI, AKi 3aCTOCOBYIOTH IS 3aXUCTY TEXHIYHUX MaTepiaiiB (Oy/iBesbHI
Marepiajau, Maclio-eMyJIbCIMHI MaTepiaii, KaHai3aliitHI TpyOu TOII0) HEMOXKIIMBO 3aCTOCOBYBATH
JUIL 3aXUCTY BHYTPIIIHBOI MOBEPXHI BOJONPOBITHUX TPyO, Yy KOKHOMY BHIIQAKY IpH BUOOpI
METO/IIB 3aXHUCTY BPaxOBYIOTh (D13UKO-XIMIUHI BJACTUBOCTI MaTepiaidy, caM TEXHOJIOTTYHHI MPOIIEC,
e et Marepiajd BUKOPUCTOBYIOTb.

VY nabGopatopii yHIBEpCUTETY OyJM BUTOTOBJIEHI JOCIITHI 3pa3ku 3 OImodiToM, 3 SKUMH
MIPOBOJIMBCS MOPIBHAUIbHUI aHaii3 B iabopartopii [ncTutyTy Mikpobionorii 1 Bipycosnorii iM. K.
3ab6omotHoro HAH  VYkpaimn. ExcrnepumeHT miaTBepauB e()EKTUBHICTH  BHKOPUCTAHHS
3alpONOHOBAHOTO MaTepiany, NMEepPCleKTUBHICTh BUMPOOYBaHb IO 3aXHCTy MaTepialiB Ta CIOPY.
Bi/1 010MOIIKOKEHb. B moganpiioMy 3amiaHoBaHO cepii eKCIIEPUMEHTIB B IIbOMY HAIPSIMKY.

1. ManankoB A.B. buokoppos3ust cunukatHbeix MatepuanoB / A.B. MaHaHKOB // DKOJOTHS M NPOMBIIUIEHHOE
npousBoicTBO, 2007, Ne 1. - 16-22 c.

2. Ycauer U.H. bopnba ¢ obpacranuem Ha anektpocraniusx / MU.H. Ycaues, A.P. SIky6enko. — ['maporexH. cTp-Bo,
2002, Ne 7. - c. 16-21.
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Prospects for research with the possibility of using bischofite for building materials.

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

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

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

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

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

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

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

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

2. Usachev Y.N. Borba s obrastanyem na slektrostantsyiakh / Y.N. Usachev, A.R. Yakubenko. — Hydrotekhn. str-
vo, 2002, No 7. - s. 16-21.
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I'eone3nyHnit MOHITOPUHT Aedopmaniii KOHCTPYKUI OrOpPOAKEeHHSI KOTJI0OBaHY Ta
NMEePEeKPHUTTIB MPH Po3podii KOTIOBAHY METOA0M «UpP downy

Muxaiino Axosenko, acnipanm, kageopu 2eoingopmamuxu i hpomoepammempii,
Kuiscoxuii nayionanvruil yrigepcumem Oyoienuymea i apximexmypu (m. Kuis).

Meta pgocaipkKeHHS — BHM3HAUYEHHS 3MIH T€OMETPUYHUX DapaMeTpiB KOHCTPYKLIH
OTOPOJDKCHHS Ta TEPEKPUTTS KOTJIOBaHy NpH 3a0opi rpyHTy merogoM UpP dOwn Ha BiAMITKY
-11,800 m. Tepmin reose3uuHOr0 MOHITOPUHTY TpuBaB 1 pik npotsirom 2018-2019 poxkis.
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Puc.1 — Curyauiiina cxema Puc. 2— I'padik po3BUTKY B Puc. 3 - I'padik po3BUTKY B
pO3TallyBaHHS CUCTEMHU yaci BEPTUKAIbHUX Yaci BEJIMYMHHU BEKTOpa
OTOPO/IKYBATbHIX KOHCTPYKITiH nepeMinieHs (migiomy) TOPU30HTAIBHUX 3MIIIEHb

BumiproBaHHsS MpOBOAMINCS KIACHYHUMHM METOJAaMH MOHITOpHHTY nedopmariid, a came:
MOHITOPUHT BEPTUKAIBHUX MEPEMILICHb BUKOHYBABCS 32 JIOIIOMOTO T€OMETPHUYHOTO HiBEIIOBAHHS
II kymacy, MOHITOPHHT TOPHU30HTAJIBHHUX TIEpEMillleHh BUKOHYBABCS 3a JOMOMOTOI0 TPH IITATHBHOI
nojironometpii 1V knacy. [lepeBaru Ta HeJJOMIKK JaHUX METOI MPUBEACHO Yy myomikamiax [1-2].

B aene. .2 2 +3 -t

1 8
,iwmwmwm’ £ £ ’.ﬁu— B

Y
Hanpasox ocel ywosnol
2 cncresm xooprmEr

VMOBHI MOMHRICHHS: . - BEKTOP SMIIICHER;
2 - BeTHUMNA BEKTOPA IMIIEHD, M.

tassasidissss
533888388183

‘OBRIYBATSHE GLTKA OTOPORKCHAS KOTIOBAHY

48
dI8d

"

<} ® ®
Puc.4 — [3ononsa nepopmoBanoro  Puc. 5 — Emtopu ropusonransiux Puc. 6 — I'padiuna 3D monens
CTaHy HEPEeKPUTTS Ta 00B’S3yBajJbHOI MEpPEMILEHb IO BiIOYIUCS MpH ne(opMOBaHOTO CTaHy
Oamkun migiiomi MIEPEeKPUTTS Ta OATKN
3a pe3yibTaTaMy HIBETIOBaHHA Ha MpoTsA3l 1 poky Oyno 3adikCOBaHO MiAMOM MEPEKPUTTS
10 21 mwm, migiiom 00B’s3yBasibHOT O0anmKu 10 8 MM (puc.2). 3a pe3ynbraTaMy MOOYAOBaHO 130MiHIT
yepe3 1 mm (puc. 4). 3a pe3yapTaTaMH MOJIrOHOMETpIi 3aikcoBaHO 10 27 MM TOPHU30HTAIBHUX
nepeMileHb, EPEMIlIeHHs 30Cepe/KEHHI TIepEBaKHO B HANPSMKY KOTJIOBaHY (puc. 5). OCHOBHHX
nedopmartiii 3a3Hana rIMTa MepeKpUTT MK IIOKOJIBHUM Ta -1 moBepxom. [lepekpurrtsa mix -1 Ta -4
3a3HaJIM MEHIIUX JeopMalliid, OCKIJIBKH BIAIITOBYBAJIKCS MO Mipi 3a00py IPyHTY.
3a3HaveHi jAedopmarliii MMOBIpHO BUKIWKaHI CTPIMKHUM PO3BAaHTAXKEHHSAM IPYHTY INpHU
€CKaBallii IpyHTYy, 1110 3HaXOJMBCS B KOTJIOBaHI.

1. Yakovenko, M., & Nesterenko, E. (2019). Oruisix BUIIB reoe3MIHOrO MOHITOPHHTY AedopMariii GyaiBernsb i
CIIOPY/I B CKJIQJIHUX 1HKEHEPHO-TeooriuHnx ymoBax. CydacHi npoOiieMu ApxiTekTypu Ta MictoOyayBanHs, (55),
341-350. https://doi.org/10.32347/2077-3455.2019.55.341-350

2. Yakovenko, M., & Nesterenko, E. (2020). AHaii3 METOAIB T'€OAE3UYHOTO MOHITOPUHTY IedopMariiii
IHKEHEPHUX CIOpYJX Ta 3CYBHHX TIIpOLECIiB IPYHTOBMX MacuBiB. CydacHi mpoOieMu ApXITEKTypH Ta
Microbynysanus, (56), 345-363. https://doi.org/10.32347/2077-3455.2020.56.345-363
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Geodetic monitoring of deformations of pit fence structures and floors during pit
development «up down» method

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

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

Fig.1 — Situational diagram of the Fig.2 — Schedule of Fig.3 - Graph of development

: . o . in time of the magnitude of the
location of the system of enclosing  development in time of vertical .
. vector of horizontal
structures movements (rise)

displacements

Measurements were performed by classical methods of deformation monitoring, namely:
monitoring of vertical displacements was performed using geometric leveling of class II,
monitoring of horizontal displacements was performed using three-post polygonometry of IV class.
The advantages and disadvantages of this methqg are given in publications [1-2].
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Fig.5 — Curve of horizontal ~ Fig. 6 — Graphic 3D model of the
movements that occurred during deformed state of the floor and
lifting beams

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

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

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

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

56


https://doi.org/10.32347/2077-3455.2019.55.341-350
https://doi.org/10.32347/2077-3455.2020.56.345-363

AcCHeKTH YyNpaBJIiHHS 3MiHAMM NP peaJjizanii OiomiMeTH4HHUX OyaiBeIbHUX NPOEKTIB

Anopinu Illnakoe, kano. mexw. HayK, OoyeHm Kageopu meHeolcmMeHmy 6 6y0ieHUYMEL
T'anuna Illnakoea, 00kmop. eKOHOM. HAYK, npoghecop kagedpu O6YOisenIbHUX MEXHOI02il

Kuiscokuii nayionaneruil ynigepcumem 0yoignuymea i apximexmypu (m. Kuis)

biomimikpist — 11e TepMiH, KWW BBeJa J0 1HXEHEPHOro JiekcukoHy [[kaHiH beHioc y cBoiit
kHU31 «biomimikpist — iHHOBa{, HATXHEHH] TPUPOAOIOY». B apXiTeKTypi BiH 03HaYa€ HACIHITyBaHHS
JKUBUX OpraHi3MiB JUIg BUPINICHHS MpoOJieM TMpOEKTyBaHHA Ta OyaiBHuMNTBa. I[IpukiagHa
OioMiMiKpist MOXe OyTH BHKOpPHCTaHAa B HANpPAMKY IMiTalii OpUpogHUX (OpM Ui CTBOPEHHS
JIETKUX KOHCTPYKIIH, iMiTaIlisl MaTepiaiamMu MporeciB (OTOCHHTE3Y MJIs 3aXOIUICHHS COHSYHOT
eHeprii Ta CTBOPEHHsI OYJiBEIbHHX CHCTEM, SIKi IMITYIOTh FOMEOCTa3 B OpraHizMax — JuXarodi
OymiBeNbHI CTiHI, [0 PETYJIIOIOThH TApaMETPH BHYTPIIIHLOTO cepeaoBuiia oymisimi [1].

HaiisickpaBimmmu npukiagaMu 6iomiMeTnyHux cropyn € xpam Carpana @aminis A.I'ayni
(puc. 1), opuranceka mepist «kopHimon» H.®Pocrepa (puc. 2), tearp Ecrumanama DP Architects
(puc. 3), ki cBOIMM HE3BUYHMMHU (POpPMAaMU Ta EKCIUTyaTalliiHUMHU BIACTHBOCTSIMH 3aBISUYIOTh
MIPUPOTHUM MTPOTOTHUIIAM — JIICY, OTIPKY Ta AypiaHy.

PHC. 2. Xmapouoc
Mepi-Exc B
JloH0HI.

Puc. 1. Xpam CssaToro
CimeiicTBa B bapcenoHi.

Puc. 3. Tearp Ecrunanana B Cinramypi.

Hemae cymHiBiB, 1[0 Taki 00’€KTH € TYPUCTHYHOIO MPUHAIOI OyIb-IKOTO MiCTa, MPOTE
pearizallii IPOEKTIB TAaKOro Kjacy MOB’s3aHa 3 HU3KOI CKJIajHOcTed. B mepury dvepry 1e
MaTeMaTUYHE MOJICJIIOBAHHS Ha €Talli apXiTeKTYpPHOTO TPOEKTYBaHHSA, SKE CIpSIMOBaHE Ha
OaraToBapiaHTHICTh MOYATKOBHX pimeHb. [lo-apyre, po3poOka 1HPPOBUX MoAeNneH, sKi
BPaxoBYIOTh BIUIMB SIK OKpeMHX (haKTOpiB, Tak 1 iX rpyn, pyHKIIOHATBHUHN 1 TPUPOTHO-KITIMATHYHI
LUKIIU U1 OKpeMoi OyAiBii abo (hparMeHTa MpocTOPOBOTO CEPEOBHILA, 10 MOKYTh BUKOPUCTATH
3HAa4YHy YaCTUHY 4acy Ta pecypciB, BUIUICHUX Ul pealtizallii Bcboro npoekty. [lo-Tpere, 3BeaeHHs
YHIKaJbHUX OO’€KTIB Haiuactime mnoTpedye ¢ yHIKaIbHUX TexHoJIOTid. dakTHuHO B
IHBECTULIIHHOMY TIPOEKTI BECh Yac BPAXOBYETHCS 30UIBLIYIOUMH «KOE(IIIEHT YHIKaTIbHOCTI».
bananc MiX NepCHEeKTUBHOIO MPUBAOIMBICTIO Ta MOYATKOBHUMH (DIHAHCOBUMHU BHUTpaTaMH IJis
JIEBEJIONEPChKOi KOMITaHii MojsiraTuMe B iTeparii eKCIUTyaTalliiHUX BHTpaT A0 MiHIMaTbHUX
MO3HAYOK, 30KpEeMa 3a PaXyHOK 3aCTOCYBaHHS PI3HUX O10MIMETUYHHUX TEXHOJIOT1H B MPOEKTYBAHHI,
3BE/ICHHI Ta eKCIuTyaTarlii OyaiBens i cnopyn [2].

B nisnpHOCTI neBenonepchbKUX KOMIIAHIM KIFOYOBHM AaclEeKTOM iX PO3BUTKY, a 1HKOJHU 1
BI)KMBAHHS, CTa€ BIPOBA/DKEHHS CTpaTerii ajanTamii g0 IMIEpaTHBIB CTajJOro pPO3BUTKY,
CIPSIMOBAaHOI Ha CKJIaJHI Ta KOMIUIEKCHI IpouecH (popMyBaHHS HOBHX KOMIIETEHTHOCTEH B yCiX
3aJy4eHHUX 10 MPOEKTy YYaCHHUKIB, ()OPMYBaHHS CHCTEM OLIIHKH E€KOJOr0o-€KOHOMIYHUX e(eKTiB
HOBMX OyJlIBEJIbHUX TEXHOJIOT1H MPOTATOM BChOI'O )KUTTEBOTO LIUKITY JEBEJIONEPCHKOIO IMPOEKTY.

1. C.0. Aigbavboa, O.A. Oguntona. Promoting biomimetic materials for a sustainable construction industry (2016).
Bioinspired Biomimetic and Nanobiomaterials, 6(3):1-1. DOI: 10.1680/jbibn.16.00014.
2. T'. B. llnakoBa. Exonoro-ekoHOMiYHHIIA MeXaHi3M PO3BHTKY OiocdepocymicHOro OyaiBHUITBA B YKpaiHi: Teopis,
METOZOJIOT1s, pakTuka: Monorpadis — K. : Bugapanuwmii gim « AptEx», 2019. — 340 c.
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Aspects of change management in the implementation of biomimetic construction projects

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

Kyiv National University of Civil Engineering and Architecture (Kyiv)

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

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

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

Mary Axe in Fig. 3. Theater Esplanade in Singapore.
London.

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

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

1. C.0. Aigbavboa, O.A. Oguntona. Promoting biomimetic materials for a sustainable construction industry (2016).
Bioinspired Biomimetic and Nanobiomaterials, 6(3):1-1. DOI: 10.1680/jbibn.16.00014.

2. H.V. Shpakova. Ekologo-ekonomichnij mekhanizm rozvitku biosferosumisnogo budivnicztva v Ukrayini:
teoriya, metodologiya, praktika: Monografi'ya — K. : Vidavnichij dim «ArtEk», 2019. — 340 s.
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BpaxyBanns peanbHux aegopmaniii pyHIaMEeHTHHX KOHCTPYKII BUCOTHOr0 OYAMHKY NPH
YHMCJIOBOMY MO/IEJTIOBAHHI HOT0 B3a€EMOIii 3 IPYHTOBOIO OCHOBOIO

Bixmop Hocenko, kano.mexu.HayK, 0oyenm xageopu 2eomexHiKu
Ocman Kawoioa, acnipanm xagedpu ceomexHixu

Kuiscoxuii nayionanvnuil ynisepcumem 6yoienuymea i apximexmypu (m. Kuis)

Merta nmocmipKeHHsT — MOJICITIOBaHHSI 3MIHHM HAIPYXEHO-Ie(OPMOBAHOTO CTaHy CHCTEMHU
«OCHOBa — (YHIAMEHTH — HaJ3€MHI KOHCTPYKIii» B mpoueci OyIiBHUITBA HpU BpaxyBaHHI
peanbHuX Aedopmariii GyHIaMEHTHUX KOHCTPYKIIIH. 3aranbHUN BHUTJISA PO3PAXyHKOBOI MOJENI 1
nedopMariii poCTBEpKy HaBeJeHO Ha puc. 1 Ta 2.

Puc. 1 — 3aransHuit BUTIsg Puc. 2 — JlepopmoBaHa miumnta pocTBEpKY
PO3paxyHKOBOI MoJei

JlocmikeHHsT BUKOHAHO Ha TPUKJIAl peaJbHOro 00’€KTYy: MOHOJITHO-KApKacHOTro 25-Tu
MTOBEPXOBOI0 JKUTJIOBOro OyauHKY B M. KueBi, 1110 3alipoeKTOBaHO Ha MaJbOBOMY (PyHIaMeHTI 13
OypoiH’eKIIHHUX mane giamerpom 820MM Ta AOBXKMHOKO 21M, ski 00’€AHAHI MOHOJITHUM
313006 TOHHMM POCTBEPKOM BHMCOTOK IM. [pyHTH OCHOBM — aimioBianbHi micku. PospaxyHKoBa
MoOJIeNlb BKIIIOYae B ceOe (i3MUHO-HENiHINHI eIeMEHTH 3al1i300€TOHHUX KOHCTPYKIIH Ta HpysKHI
00’eMHI CKIHYEHH] €JIEMEHTH IKUMH MOJIEITIOETHCSI OCHOBA.

OCHOBHHUIl aKIEHT JOCTI/PKCHHS TPHUCBSIYEHUH BpaxyBaHHIO peaJbHUX jAedopmartiit
(byHIaMEHTHOI TUIUTH, MO OyJM 3aMipsiHl TOYHHMHU T€OJIe3UYHUMHU METOJaMU Ta 1AeHTH(IKaiii
PO3paxyHKOBHX IapaMeTpiB I'PYHTOBOTO CEpelOBHINA, 1100 NMpH 3aJaHOMY piBHI HaBaHTaXXEHb
pO3paxyHKOBI jedopMallii HabIMKYBAIHCS 10 PEATHPHO BU3HAYCHUX.

JUis OLIIHKM JOCTAaTHOCTI apMyBaHHs 0yJI0 3aCTOCOBAHO CKIHUEHHI €JIEMEHTH, 1110 OMHUCYIOTh
npouec (i3MUHO-HENIHINHOTO NedopMyBaHHS 3ai300€TOHY Ta BpPaxOBaHO peallbHE apMyBaHHS
KOHCTPYKIIH 3 BHKOPHCTAHHSAM IHCTPYMEHTapilo THMM 3amaHoro apmyBaHHa (T3A), mo
peanizoBani B 1K «Jlipa-CAIIP». HaiiOinpmn nedopmaiiii pocTBepKy CHOCTEPIrauch y cepeaHii
yacTHHI (B MeXaX sifiep KOPCTKOCTi) 1 cknananu Omm3pko 50...57mMMm. Habmmkarouuch A0 KpaiB
(mepudepii) nedopmartii smennryBasichd 10 30...37Mm.

Takuil migxig [03BOJSE TPOEKTYBAJIBHUKY MPOTHO3YBAaTH poOOTY KOHCTPYKIIH 13
ypaxyBaHHSM IOSIBU TPILUH, iX TJIMOUHHU, IUPUHU PO3KPUTTA Ta BIIACTaHI MK HUMH, 110 B CBOIO
4epry /103BoJisie e(heKTUBHO MiiOpaT apMyBaHHS KOHCTPYKIII.

1. Hocenmko B.C., Kamoiga O.0. YuciaoBe MOAETIOBaHHS HAIpPy>KEHO-Ie(POPMOBAHOTO CTaHy MaJIbOBOTO
¢ynnamenTy OyIMHKY 3 BUKOPHCTaHHSM pi3HUX Mogneseil rpyHToBoi ocHoBu / B.C. Hocenko, O.0. Kamoina //
HaykoBo-texHniunmii 36ipauk «OcHoBH Ta pyHaamentn» KHYBA. — 2019. — Bum. 38. — C. 34-43.

2. Topomeuxunii A.C. Kommetorepusie Mmonenu koHcTpykuuit / A.C. Toponenxwmii, U. JI. EBzepos//Kuis: ®AKT —
2007 —392c.
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Taking into account the real deformations of the foundation structures of a high-rise building
in the numerical modeling of its interaction with the base

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

Kyiv National University of Construction and Architecture (Kyiv)

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

Fig. 1 - General view of the
design model

Fig. 2 - The raft plate is deformed

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

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

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

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

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

2. Gorodetsky A.S. Kompiuterni modeli konsturktsii / A.S. Gorodetsky, I. D. Evzerov // Kyiv: FACT - 2007 - 392p.
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3MiHa Hanpy:KeHb y 3271i300eTOHHNX QyHIAMEHTAX 3ePHOCYIINJIBHUX KOMILICKCIB IPpH
BpaxXyBaHHi mapaMeTpiB IPYHTIB

Bacuns ITionyysvkuit, kano.mexu.nayxk, ooyenm xageopu 2eomexHiku
Onekcandp Jlumeun, acucmenm kageopu 2eomexHiKu

Kuiscokuii Hayionanvuuil ynigepcumem 0yoienuymea i apximexmypu (m. Kuig)

Merta gocaimkeHHst — qocniauTtu GopMyBaHHS HampyxeHo-aegopmonanoro crany (HIC) y
(yHIAMEHTHUX KOHCTPYKIISX 3€PHOCYIIMIBHUX KOMIUIEKCIB TPH 3MiHI MapaMeTpiB IPYHTIB 3a
JIOTTIOMOTOF0 YHCIIOBOT'O MO/ICITFOBAHHSI.

JlocmikeHHsT BUKOHAHO Ha TPHUKIAAI peabHOrO 00’ €KTYy: METaJeBHi 3€pHOCYIIMIbHUN
KoMIuiekc (cuioc) aiamerpom 22,0 M Ta Baroro 600 kH, sikuit Bmintye 3epHo Barorwo 10 50 000 xH.
Jis cTBOpeHHS YMOB 30epiraHHsi 3epHa TependadeHo aepojHuiie ToBImmHOW 500 MM 3
BEHTWISALIMHUMY KaHalaMH JUIsl ojayi nmoBitTps. [jig o0CIyroByBaHHS CHIIOCY Ta PO3BaHTAKEHHS
3epHa MPOEKTOM MepeadadeHo Mo IEHTPY CHIIOCY rajiepero BUcoTor 1,8 M Ta mmpuHO 1,6 M.
DyHIaMEHTOM IS JaHOTO CHJIOCY OOpaHo 3ai300eTOHHY (GYyHIAMEHTHY IUIMTY TOBIIUHOIO
500 mm Ha nmanboBoMy (yHmamenTti. [1ani BUKoHaHO 3a OypOiH’ €KIIIHOI0 TEXHOJIOTIEI0 A1aMeTPOM
620 MM 10BxkHHOKO 8,0 M; KiIbKicTh nanb 180 mir. [pyHTH AUISHKYM DOCITIIDKEHHS: TIIMHUCTI IPYHTH
TBEpJOi Ta HAMIBTBEpAOI KOHCHCTEHIIi JIECOMOoiOHi, mpocigarodi. B OCHOBI manb 3aiusirarmorhb
cymicku TBepai. Po3paxyHkoBa MoOJieib BKIIIOUaE B ceOC BCl €JIEMEHTH CHIIOCY Ta (DYHIAMEHTIB,
HABaHTAXXCHHS BiJl CHJIOCY NPUKJIAJIEHE SIK JIHIHHO-PO3MOAITICHE M0 MEPUMETPY, a BiJl 3epHA - 5K
piBHOMIpHO-po3nojiaeHe. ['pyHTOBa OCHOBa 3ajaBajiacs SK CyIiIbHE OaTomrapoBe 00’eMHE
cepeIoBUILE.

3araibHUI BUIIIS]T 3PHOCYIIMIIBHIX KOMILUIEKCIB Ta 1X ()yHIaMEHTIB HaBEJICHO Ha puc. | Ta
pucC. 2 BiIOBITHO.

Pyndamesmxa
nauma

Midzomobka _

Mani

or—

——

i

N 4 s
Puc. 1 — 3aransHuil BUTIIA 36 pHOCYIIUIBHUX Puc. 2 — 3aranpHuii Bua GyHIaMeHTIB
KOMILIEKCIB 3€pHOCYIIUIIBHOTO KOMIUIEKCY

PesynbraTi po3paxyHKIB MMOKa3aid, IO MPU BpaxyBaHHI Pi3HUX MapaMeTpiB TPYHTIB, sKi
OTpUMaHI Ha OCHOBI JJaOOpPAaTOPHMX Ta MOJBOBUX JOCHIKEHb (30HIYBAHHAM), OJIEPKAHO
npuniunoso pizai HAC y ¢ynaaMenTHiN minTi. ApMyBaHHS HWKHBOI 30HH IUTHTH BigpPi3HSIOCS
BIBIYi: MpH Moaymi aedopmauii rpyHTY ocHoBu 18 MlIla (1aGopaTopHuii MeTOA BHU3HAYEHHS) —
mwioma apmaTypu craHoBuma 18...20 cM?, a mpu momyni aedopmanii 32 MIla (3a gaHuMH
30H/lyBaHHs) — IUIOIA apMaTypH cTaHoBHiIa 7,2...9,8 cm?. TlepeMillleHHs LIMTH TIPK [IOMY CKJIaJIHI
BimmoBigHO 45...50 MM Ta  16...22 MMm. KoHcTpykmisi ranmepei cmpamroBana sk (epma (6amka
Bipengens): HU3 pO3TATHEHUH MOSIC, BEPX CTUCHYTHIA.

e— 5]

1. Bapronomeii A.A. TIporHo3 ocanok cBaiiHbIx (yHmamentoB [nox pea. A.A. bapronomes] / A.A.baptonomeii,
N.M.Owmenpuak, b.C.FOmkos. — M.: Ctpoiinzaar, 1994. — 384 c.

2. Boiiko LIT. OcobauBocti B3aeMojil MmanboBUX (YHAAMEHTIB Mifl BUCOTHUMH OyAMHKAMH 3 X OCHOBOIO /
L.I1.boiiko // OcHoBu i pyHmamenTH: Mixpigomuuii HaykoBo-TexHiuHHH 36ipHHK. — K.: KHYBA. — 2006. — Bur. 30.
—C. 3-8c.
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Change stresses in reinforced concrete foundations grain drying systems taking into account
parameters of soils

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

Kyiv National University of Construction and Architecture (Kyiv)

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

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

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

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

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

2. Boyko I.P. (2006). Osoblyvosti vzaiemodii palovykh fundamentiv pid vysotnymy budynkamy z yikh osnovoiu
[Features of the interaction of pile foundations under high-rise buildings with their foundation]. Osnhovu i
fundamenty: Mizhvidomchyj naukovo-tekhnichnyj zbirnyk. Kyiv: KNUBA, 30, 3-8.
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Hanpy:keno-gedopMoBaHMii CTaH HeCYYMX KOHCTPYKIIN Her/asiHol OyaiBJi 3
cTa1eiOpoOeTOHHUMM IUVITUTAMHU NEPEKPUTTH

Onez Cxopyk, acucmenm xagheopu 3ani300emoHHUX | KaM SIHHUX KOHCIMPYKYIll

Kuiscokuii nayionanvuutl ynisepcumem Oyoignuymea i apximexmypu (m. Kuis)

3anmayi, 10 BUPIITYBAIUCS B POIECI BAKOHAHHS YUCEIILHOTO JTOCIIIIKCHHS
1. IToGymoBa cKiHYEHO-EJIEMEHTHO1 MOJIeIIi Oy TiBIIi.
2. 30ip cTaTUYHUX HABAHTA)KEHb Ta HABAaHTAXXCHb BiJ] MacH 00JIaHAHHS.
3. CtatuuHuil poO3paxyHOK CKIHUEHO-EIEMEHTHOI MOJEeIi Bl BJIACHOI BarM KOHCTPYKLINA Ta Macu
BIIAIIITOBAHOTO OOJIATHAHHS HA IEPEKPUTTSIX.
4. BUCHOBKH 110710 HECY4Oi 31aTHOCTI €JIEMEHTIB Oy aiBIIi.

[ToOynoBa ckiHUEHO-€JIEMEHTHO1T MoJ1e11 Oy/IiBJIi BAKOHAHA B OOYUCITIOBAIBHOMY KOMILIEKCI
Scad Office. Ctinn Ta muT nepekputts 3MozaenboBadi 44 tunom CE "4-xkyTHor 000JIOHKORO",
6anku - 5-um tunoM CE " mpoctopoBumu crepxHeM". PoboTa rpyHTOBOI OCHOBH alpOKCHMOBaHA
3a JOTIOMOTOI0 KOe(DIIIEHTIB MacTeli Jisi CTEPKHEBOTO €JIEMEHTa, OOYMCIICHNX Ha OCHOB1 HaJaHUX
pe3yJIbTaTiB IHKEHEPHO-TEOJIOT1UHUX BUIIYKYBaHb.

e J
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- 22 :‘;‘; :igé; ;ﬁig‘; iii?: jgé‘;: jﬂ 2:? =- -30.838 -29721 -26.372 -25.256 21.906 -20.79 B 17 -16.:
95 669 9981 01 73 pogoss popd Tt -28.605 -25.256 24139 2079 -19.673 I 16324 -15.
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Puc. 1. POSHOZ[iJ'I HaNpy>KEHb B LUECTTIAHUX CTiHAX Bil[ Puc. 2. PO3anYHKOBi 3HAYCHHA BEPTUKAJIBHUX
CyMapHOIi i1 CTATUYHUX HABAaHTaKEHb MepeMileHb By3JiB OyIiBii

3a pe3yJabTaTOM CTAaTHMYHOTO PO3PAXYHKY OOUYMCIIEHI 3HAUEHHS HAINPYXEHb B IETIISTHUX
cTiHax OyxiBmi (puc. 1), Gankax MEpeKpUTTS Ta MOKPUTTS, € MOXHA 3pOOUTH BUCHOBOK, IO
TpaHUYHI 3HAYEHHS HANpPYXKEHb B IEMIIHUX CTiHAX CTanediOpOoOCTOHHUX TEPEKPUTTS He
MEePEeBUILYIOTh HOPMAaTUBHO JOMyCTHMIi. POo3paxyHKOBI mepeMilieHHsl Tex nepeOyBaloTh B Mexkax
JIOTTYCTUMHX 3HA4Y€Hb (pHC. 2).

1. Cxopyk O.M. JocnmijpkeHHss JMHaMIYHOTO BIUIMBY BiJ TEXHOJIOTIYHOTO OOJagHaHHS Ha pooOoTy
cranediOpobeToHHUX IUIUT nepekputTs // ByniBenbni koHcTpykuii. Teopis i npaktuka. Bum. 7 (2020) — c. 121 —
128. DOI: 10.32347/2522-4182.7.2020.121-128

2. Ckopyk O.M., Yopuuit I.B., Tarapuenko I'.O. IlporumHm TOHKHX cTanediOPOOETOHHHUX IUIMT OINEPTHX IO
koHTypy. Haykosi Bicti [aniBcbkoro yHiBepeurety Ne 12, 2017.

3. Crxopyk O.M.  [lexopaTuBHICTh CTane@iOpOOCTOHHMX IUTUT OINEPTUX IO KOHTYPY NpU MOBTOPHUX
HaBaHTaxeHHsX. [TixBomHi Texnomorii Ne 1, 2015.
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Stress-strain state of load-bearing structures of a brick building
with reinforced concrete slabs

O.Skoruk, assistant, Department of Reinforced Concrete and Stone Structures

Kyiv National University of Civil Engineering and Architecture

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

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

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

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

mass of the arranged equipment on the floors.

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

The construction of a finite element model of the building is made in the Scad Office
computer system. Walls and slabs of floors are modeled by 44 types of CE "quadrangular shell",
beams - by the 5th type of CE "spatial rod". The work of the soil base is approximated by pastel
coefficients for the rod element, calculated on the basis of the provided results of engineering and
geological surveys.
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Fig. 1. Stress distribution in brick walls from the Fig. 2. Estimated values of vertical displacements of
total action of static loads building components

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

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

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

3. Skoruk O.M. Dekoratyvnist stalefibrobetonnykh plyt opertykh po konturu pry povtornykh navantazhenniakh.
Pidvodni tekhnolohii Ne 1, 2015.
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IHon0KUCTI PKH 3 KJICEHOI AepeBMHN APMOBAHI KOMIIO3UTHUMH CTPiYKAMU

Jenuc Muxaiinoecokuii, 0.m.H., npogecop «ragedpu memanesux ma 0Oepes sIHUX
KOHCMPYKYIU
Temana Cknaposa, acucmenm xageopu mMemanesux ma oepes sHux KOHCMpPYKYitl

Kuiscoxuii nayionanwhitl ynieepcumem 0yO0isHuymea i apximexmypu

OcHoBHMMHM TIpoOsieMaMy OyAiBeNb 3 HECYYUMHU KOHCTPYKIISIMH y BHUIVISIIL apoOK 3 KJICEHOI
JIEpEBUHM € MACUBHICTb IONEPEYHOro Mepepidy A HOBUX OO’€KTIB Ta IOJOBXKEHHS TEPMiHY
HOpMaJbHOI eKcIuTyatauii Juisi Be IcHyrouux. Ll Hemonmiku MOXIMBO YCYHYTH ULISXOM
MIJICUJICHHS 1X OKpeMHUX dYacThH. IcHye 0e3mid crocoOiB MiJICUIICHHS JEPeB’STHUX KOHCTPYKIIIH,
OJIHAK Maiike BCl BOHU CyTT€BO BIUTMBAIOTH HA 1X 30BHIIIHINA BUTIISA. BUpINICHHS 1aHOTO MUTaHHS
Ma€ CyTTEBE 3HAYCHHS, a/DKE BEJIMKOMPOIbOTHI KOHCTPYKIIi, B OCHOBHOMY, BUKOPHUCTOBYIOTHCS B
apXiTeKTypHO BUPA3HHX CIIOPYaX.

MeToro T0CTiPKeHb € MOXKIIMBICTD IMICUJICHHS BY3JIIB 1 €JIEMEHTIB JI€PEB’ STHUX KOHCTPYKITIN
IUIIXOM HAKJICIOBAaHHS B MPOOJIEMHUX AUISHKAX (B 30HAX MOSBU TPIMIMH Ta/ab0 MOKJIHMBOI MOSBU
MaKCHUMaJIbHUX CKOJIIOIOYHMX Ta HOPMaJbHHUX HANpy>KEeHb MOMEPEeK BOJOKOH) MOB3J0BKHIX CTPIUOK
3 TOJIMEPIB MiJACHICHUX BYTJICIICBUMH BOJIOKHAMU (auB. puc. 1). JlomaTKoBO 10 HaKICIOBAHHS
MOB3/IOBXKHIX CTPIYOK, Yy BHIIAJKy HEOOXIJIHOCTI 3a CIEeLiaJIbHUM pPO3PaxyHKOM, MOXKHA
BUKOPHCTOBYBATH HAKJICEHI OaHIaX1 3 TAKUX CaMO CTPIYOK 3 MOJIMEPIB MiICHICHUX BYTJICIICBUMHU
BOJIOKHAMH.

Takox maHuil BUJI 30BHIIIHBOTO apMYBaHHS IONEPEYHHMX IIEpEepi3iB apoK CTpiuKamH 3
MOJIIMEPIB  MIJICWICHUX  BYIJICHEBUMHU  BOJOKHAMHM Ha  CMOKCHJIHOMY Kiel  MOXJIHMBO
BUKOPHUCTOBYBaTH Ha e€Tami pO3paxyHKy HOBHX KOHCTPYKLIH, IO 3HAYHO 3MEHIIyE iX
MaTepiaJOEMHICTh Ta TPYIOMICTKICTh BUTOTOBJICHHS.

Inest apok 3 KjeeHOi JepeBUHHM apMOBAHMUX CTPIYKaMH 3 IMOJIMEpIiB MOXE 3aCTOCOBYBATHUCH
JUTSL TIOJIOKMCTHX JIBO- Ta TPUIIAPHIPHUX apoK MposboToM Bix 20M 1o 100M, 31 cTpisioro migiomMy
f=1/4L - 1/7L. Ctpiuku pO3MILIYIOThCS B3J0BX OCI KOHCTPYKIII 1 IOBEPX HHUX BIAIITOBYIOTHCS
OaHaxi MEepPHeHIUKYJSIPHO O HAMpsSMKY TMOB3J0BXKHBOI CTpIYKU. 3’€IHAHHS OaHAaXy B OJUH
3aMKHYTHI KOHTYP BHKOHYETBHCSI 3a JIOTIOMOTOIO0 HAIyCKy, 3 PO30DXKKOIO IO JOBXHHU 30HU
apMyBaHHS KOHCTPYKIIii (quB. puc. 1).

Micis BiamrTyBaHHs, KPOK Ta KUIBKICTh IIapiB CTPIYOK 1 OaHAaXiB BU3HAYAETHCS HA IMiJICTaBl
po3paxyHky. CtTpiukn Ta OaHJaXi HAKJICIOIOTHCS HA KOHCTPYKIIID B SKOCTI 30BHIIIHBOTO
apMyBaHHS BUKOPUCTOBYIOUH EIIOKCUIHUMN KIICH.

= 1 1-1

BapiaHTy 30BHIIIHBOTO apMyBaHHs
JI0O3BOJISIE  BHUPIIMIUTH  HACTYIHI  3a/1adi:
MiJBUIICHHS HECY4Yol 3JaTHOCTI BY3JIB Ta
I~ €JICMEHTIB ICHYIOUHX JepeB’ THUX
L KOHCTPYKIIH, BiTHOBICHHS MPOEKTHOTO
- ﬁ pecypcy eKcInlyaTarlii; 3MEHIIICHHsT BUTpPAT
JIEPCBUHA HAa BHUTOTOBJICHHS HOBHX apoK 3

Puc. 1 KJIEEHOI IEPEBUHU.

§ i / 3aCTOCYBaHH5I 3aIlIPpOIIOHOBAHOI'O

\

1 — icHyrounii nepeB’ SIHUN €IEMEHT;
2 — TpimyHa;
3 — TMO3J0BKHS CTPivUKa 3 KOMIIO3UTHOTO MaTepiaiy;
4 — cTpiukoBHii OaHIAX 3 KOMIIO3UTHOTO MaTepiary
1. IBH B.2.6-161:2017 «Kouctpykuii OyauHKiB i criopya. Hepes’sHi KoHCTpyKLii. OCHOBHI MOJOXeHHD» - K.
"VxpapxOynaiapopm" 2017. — 111ec.
2. lImuar A.b., Amutpues I[1.A., ATiac cTpOUTENbHBIX KOHCTPYKIMH U3 KJIEEHOH JpEeBECHHBI
Y BOJIOCTONKON (anepsl; YueOHoe mocodue./ M.; M3a-Bo Acconmanny cTpouTenbHBIX By30B, 2001 — 292c¢.
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Striped arches made of glued laminated timber are reinforced with composite tapes

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

Kyiv National University of Civil Engineering and Architecture

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

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

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

The use of the proposed external
reinforcement option allows solving the
< Ay following tasks: increasing the bearing
capacity of components and elements of
existing timber structures, restoring the

S| design life of operation; reducing the
L 3/ n consumption of wood for the manufacture
Fig. 1. of new arches of glued wood.

1 — existing timber element;

2 — crack;

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

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

Uchebnoe Posobye. M. Yzd-Vo Assotsyatsyy Stroytelnykh Vuzov 2001h — 292s.
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TpilMHOCTIHKICTS MOXUIMX NMePepi3iB HEPO3PI3HUX 0AJIOK
3 apMaTypoI0 HANIPY:KEHOI0 HA 0eTOH

Onekcanop Koszak, xanouoam mexnHiuHux Hayk, 0oyeHm Kagheopu 3an1i300emorHHux ma
Kam ssHUX KOHCMPYKYitl

Kuiscoxuii Hayionanvuuil ynisepcumem 6yodisnuymea i apximexmypu (m. Kuis)

3rimHo [1] BUOUIAIOTH JBa XapaKTEPHUX TUIU MOXWJIWX TPIMUH. TPIIMHM TEPIIOTO THUITY
PO3BUBAIOTECS HOPMAIIBHO JO TMO3J0BXKHBOI OCI €JIeMEHTa, BIAXWISIIOYHCH 31 301TbIICHHIM
30BHIIIHBOTO HABAHTa)XEHHS y OIK mpoiboTy. [loXmmi TpilMHU APYroro TUIY YTBOPIOIOTHCS Y
CepelHi YacCTHHI BHCOTH IONEPEYHOTO Nepepidy 4u Ouls pO3TATHYTOi TpaHi eleMeHTa Ta
PO3BHUBAIOTHCS HAa 3HAYHY JOBXKHMHY Y HANPSIMKY BiJl OOPH O BaHTAXKy MPAKTUYHO O€3 3011bIICHHS
30BHIIIHBOTO HAaBAaHTAKCHHSI.

Po3paxyHOK 3a yTBOPEHHSAM MOXUIMX TPIILUH BUKOHYETHCS 3 YMOBH:

My < Mere 1)

Mr — MOMEHT 30BHIIIHIX CHJ, PO3TAIlIOBAaHMX MO OAMH OIK MOXWJIOro mepepizy, Mo
pO3IIIAaeTbes, BIJHOCHO OCI, MapajesibHOl HyJbOBIM JIiHII, $SKa NPOXOJUTh Yepe3 TOUKY
MPUKJIAJCHHS PIBHOIIOYOT 3yCHIUIA y OETOHI CTUCHYTOI 30HHM HaJ MMOXUIIOK TPIIUHOIO;

Mcrc — MOMEHT, SIKUH CTipuiiMae MOXUIIUH 1epepi3 Npy YyTBOPEHHI MOXUIIO1 TPIIIUHHU:

Mcre=Mp+Ms (2
Mb — MOMEHT, SIKUH CTBOPIOE 3yCHILJISL Y OETOH1 pO3TATHYTOI 30HU;
Ms — MOMEHT, SIKUI CTBOPIOE 3yCUILIS Y TIO3JIOBXKHII apMaTypi po3TATHYTOT 30HU.
3anmponoHOBaHa PO3paxyHKOBAa MOJEIb TPAHWYHOI PIBHOBArW IONEPEIHbO-HANPYKEHOTO
esieMeHTa (13 KpUBOJIIHIHHOIO HANpy)KyBaHOIO apMaTyporo 0e3 34eryieHHs 3 OeTOHOM) Ha CTajil
YTBOPEHHS MOXWINX TPIIIMH HaBeJeHa Ha puc. 1.

Puc. 1. PozpaxyHkoBa MOZI€TTb TPAHUYHOTO
CTaHy Ha CTaJlli yTBOPEHHSI MOXUIUX TPIIIUH
B €JIEMEHTAX 13 KPUBOJIIHIHHOIO
HAINpyKyBaHOIO apMaTyporo 0e3 3UeIICHHS 3
O6eToHOM

KpuBoainidra
HanpyxyBaxa apmamypa

3a pesynbTaTaMu MPOBEACHHS €KCIEPUMEHTAIbHUX JOCIiIKEeHb BY3JIiB MOHOJNITHUX paM Ta
HEPO3pPI3HUX OaloK 3 apMaTypol0 HAaMpyXEeHO Ha  0eToH [2] mpOmMOHYEThCS BHKOHYBAaTH
PO3paxyHOK Ha OCHOBI PIBHSIHHS PIBHOBArd 3ruiHAIOYMX MOMEHTIB 30BHINIHIX CHJI BiJIHOCHO TOYKH,
y SKIi TpUKIIaJieHa piBHOMIIOYA 3yCHIUIS Yy OETOHI CTUCHYTOI 30HM HaJ MOXWJIOK TPIIIMHOIO, 13
BpaxyBaHHSM PO3BAaHTAKyBaJIBHOTO MOMEHTY BiJI CKJIAJIOBOI HAMPYKyBaHOT apMaTypH:

My < Meret+Mrpi+Mip2 (3)
Mrp1 — 3rUHaIBHUNA MOMEHT, 1110 CTBOPIOE 3yCHUILIS IONIEPETHHOTO OOTHUCKY:
Mrp1=P(h-yo-X/3-€op) 4)
Mrp2 — 3rMHaIBHUN MOMEHT, 1110 CTBOPIOE PO3BAHTAXYBaJbHA cHIIa Vdis!
Mp2=Vdis(C+a) (5)

Pe3ynbraTi TEOpEeTMYHHMX PO3PaxyHKIB, BIAMOBIIHO JI0 3alpONOHOBAHOI METOAMKH, TAl0Th
no0py 301KHICTH 13 3HAUEHHSM MOMEHTY TPIIIMHOYTBOPEHHS, OTPUMAHUM MiJ Yac BUKOHAHHS
EKCIIEPUMEHTAIBHUX JTOCIIIKEHb.

1. KimimoB FO.A. CydacHi MeTomm po3paxyHKy 3aji300€TOHHHX KOHCTPYKIIH 3a TPaHUYHUMH CTaHAMHU IPYTOl
rpynu. HaBuanbuuii nocionuk. —K.: KHYBA, 2001, -46 c.

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

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

Kyiv National University of Construction and Architecture (Kyiv)

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

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

My < Mere (1)

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

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

Mcre=Mp+Ms (2)

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

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

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

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

KpuBoainidra
HanpyxybBara apramypa

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

Mr < Meret+Mrp1+Mip2 3
Mrp1 — bending moment, which creates the force of pre-compression:
Mrp1=P(h-yo-x/3-€0p) 4)
Mrp2 — bending moment, which creates the unloading force Vais:
Mp2=Vis(C+a) (5)

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

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

2. Kozak O. Effect of the pre-stressed reinforcement curvature on the bearing capacity of inclined sections of
monolithic beams / O. Kozak, O. Zhuravskyi, M. Delyavskyy // Cite as: AIP Conference Proceedings 2077, 020027
(2019); https://doi.org/10.1063/1.5091888 Published Online: 21 February 2019.
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JocaigxkeHHs: npouecy po3aiJIeHHs 0CaJxy MPOMMCJIOBHUX CTiYHUX BOJ
3 BWIYYEHHAM HiKeJ10.

Onena 3opa, K.m.H., 0oyeHm Kagheopu 6000NOCMAYUAHHI MA B0008I08COEHHS,
Onekcin Tepnosues, k.m.1., doyenm Kagheopu 6000NOCMAYAHH MA 80008I08€OeHHSL.

Kuiscoruii nayionanvruti ynieepcumem 6yoignuymea i apximexmypu (m. Kuis)

[IpakTHuyHO HaA BCIX TajJbBAaHIYHMX MIANPUEMCTBAX OYMINCHHS CTIYHUX BOJ, IO MICTSTH
CHOJIYKHU HIKEJI0, 3A1MCHIOEThCS peareHTHUM MeToJ oM. [Ipy 1boMy 10HM HIKEIIO EePETBOPIOIOTHCS
Ha T1IPOKCUIU 1 OCAJKYIOThCS, IICHS YOro iX BUBO3SITh Ha 3BAIMILA. 3TYLIEHI CUpPl OCa/y IJaMiB
CKMJAIOTh Yy BifBaJu. 3a3BUYail BOHU MICTATh 3HAYHY KUIBKICTh TOKCHYHHMX PEUOBHH, SKi
CTBOPIOIOTH CEPHO3HY HEOEe3MeKy Il HAaBKOJMIIHBOTO CEPEJOBHINA. 3 I1HIIOrO OOKy, IIIHHI
KOMIIOHEHTH, 1110 BXOJATH JI0 iX CKJIajay, Ha3aBXK/AU BTPAYarOThCs.

Metoro HammXx AOCTIHKEHb € BWIYYEHHS HIKEII0 3 OCaiB, AKI YTBOPIOIOTHCS B IPOIIECi
XIMIYHOTO OYMILEHHSI CTIYHUX BOJ 100 3amoOirtv 3a0pyJHEHHIO HABKOJUIIHBOTO CEpPEeOBHUIIA 1
MIOBTOPHO BHUKOPHUCTAaTU HIKeJNb Yy BUPOOHULTBI. JlochaKyBanu Takl MeToAu: OOpOOJIEeHHS
amMiayHOI0 BOJIOI0 3 METOI0 BHWJIYJKYBAaHHS HIKEINIO; IIJKUCIEHHS OCaay CIpYaHOI KHUCIOTOIO 3
HaCTYyITHOIO HOTO OOpOOKOI0 aMia4HOK BOJOI0; OOpOOJIEHHS OCaay COJSMHU aMOHIIO; BHJIUICHHS
HIKEIII0 3 0Cajay Ji€l0 Ha HBOTO BIJIMPAIlbOBAHHUM EJIEKTPOJIITOM, IO 3a3dalieriib 00poOIeHwMi
aMia4HOIO BOJIOI0. Y MEpIIOMY BUIAJKY pO3IUIfanacs 3ajeKHICTh POLIEHTHOTO BUXOY HIKEIIO 3
ocajy BiJ KIIBKOCTI aMia4HO1 BOJIM, IO AOJA€ThCA. Pe3ynbTaTu eKCriepiuMeHTIB MOKa3yTh, IO i
yac 3pocTaHHs 1034 amiagHoi Boau Bix 0.29 mo 1,79 M Ha 1Mr BMICTY B Ocaji HIKENO, BUX1J] COJI
HiKedo B ocaj 3poctae. Iloganpline 30UIbIICHHS 103M aMiayHOI BOAM MPU3BOAUTH 10 3HMKECHHS
BHXOMY HIKENI0. 3a THIIMM METOJIOM, MPoOy ocaay oOpoOJIsIu COMSTHOI a00 CIpYaHOKO KHUCIOTOIO
1o pH 4.4...5.0, a motimM amiagHoro Bojot0. OiHaK, PH A0AaBaHHI KUCIOTH YTBOPIOETHCS TaKOXK 1
pO3uuH TiApoKCcHAIB 3amiza. [lomameie qomaBaHHS aMiadqHOi BOJM TMPHU3BOJWUTH 10 YTBOPECHHS
amiakaTiB HIKEJIIO Ta OCA/HKEHHS TAPOKCHUIIB 3ali3a. Y I[bOMY BUNAJKY €()eKT BUAIJICHHS 3 HbOTO
HiKelto csrae 95 - 98% npu BUKOpUCTaHHI cipuaHoi kucioth 1 96% - 99% - consHoi. OOpoOIeHHS
ocany consimu amoHito NH2Cl a6o (NH4)2SO4 103B0JIsIE BUALIMTH 3 0Ca/ly HiKEJb, YHUKHYBIIH [IPU
IBOMY TIEPEXiJl B PO3YHMH CIIONYK 3aiiza. Takuii crociO mae MOXHBICTE BHiIydutH 96% - 99%
Hikenmto 3 ocamy. OIHOYACHO 3MIMCHIOETHCS OYMILIEHHS €NEKTPONITIB BiJ JOMIIIOK, IO JT03BOJISIE
BUKOPHCTOBYBATH JTAaHWA METOJ JJIsl OYHMINEHHS KOHIICHTPOBAHUX PO3UYUHIB, SIKI MICTATH CHOIYKH
Hikemo. Ilpu 3acTtocyBaHHI 17151 00pOOJIEHHS OcCaay COJSHOI KMCIOTH abo XJIOpHIY aMOHiIo, MpU
poskinaai amiakariB Hikemto tuny [Ni(NH)4]Cl, mo yTBOproroThcs, KpiM ra3omnofiOHOro amiaky
BUJUIAEThCS comsiHa kuciota. [Ipu B3aemonii 3 NHa BoHa yrBOproe xmopua amonito NH4Cl, sxuii
3HOBY BUKOPHCTOBYETbCS HJisi 0OpoOJieHHs po3uuHIB ocaniB. CTyIMiHb BWJIYYEHHS HIKENIO 3
po3uuHiB cTaHoBUTH 98% - 99%. Ilpu BUKOpHCTaHHI A pereHeparlii HIKeNo CipyaHoi KHUCIOTH
abo cynbdary aMOHIIO B MPOIIECi PO3KIIATY KOMITIEKCY HIKETIO YTBOPIOETHCS TLIPOKCUT HIKETIO Ta
cipuaHa KucioTa. 3 pO3YMHY BHJIUIAETHCS Ta30NMOMIOHMN amiak, SKUH TpHU B3a€EMOJIi 3 BOJOIO
YTBOPIOE TiAPOKCH]I aMOHIIO, IO 3HOBY BHUKOPHCTOBYETHCS TpU pereHeparlii meramy. B xomi
HAaKOMUYEHHS CipyaHOi KUCIOTU BiAOYBAETHCS PO3UMHEHHS TIPOKCHUIY HIKEJIO, [0 BUIAB B OCajl.
B pe3ynbTati yTBOPIOETHCS PO3UUH Cyb(aTy HIKEN0, MPUIATHUHN A1 TOJANIBIIIOI0 BUKOPUCTAHHS
B Tporieci HikemtoBaHHs. [Iporec BurydeHHs 3 ocamy xiopuctuMm amoHiem mpu pH 11.83...12.0 €
ONITUMAJFHUM 3 TIOTJISITY PO3/IUICHHS HiKelto Ta 3aiiza. [Ipu nanux 3HaueHHsX pH He BigOyBaeThCs
BUJIIJICHHS Y PO3YWH T1APOKCHIIB 3132, 110 MPUCYTHI B OCAII.

OtpumMaHi pe3yJbTaTH CBIMYaTh MPO MOKJIMBICTh pEreHeparlii HIKeIro 3 ocaiiB 1 HOro
MIOBTOPHOMY BHUKOPHUCTaHHI Y BUPOOHHYOMY LHUKJI. 3 MOIMISAY 3pYUYHOCTI €KCIUTyaTalii HalOiabI
MEPCIIEKTUBHUM CIIIJl BBa)KAaTH METOJ| pereHeparii, KWl IPyHTYETbCS Ha BUKOPUCTAHHI COJEH
aMOHIIO.

1. 3ops O.B. Pecypcoomiagna TeXHOJOTis OYMCTKM NPOMHCIOBUX CTiuHMX Box Bin Hikemo /O.B. 3ops, O.B.
TepuoBues, J.I. 3ops // Illnsxu minBuimeHHs e(eKTUBHOCTI OyMiBHUIITBA B yMOBaX (H)OpPMYBAaHHS PHHKOBHX
BigHOCHH. 30.Hayk.1ipanb.Bun.39, Yacr.2. KHYBA. 2019, - C.123-130.
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Study of the process of sludge separation of industrial wastewater
with the extraction of nickel.

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

Kyiv National University of Civil Engineering and Architecture (Kyiv)

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

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

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

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

O.V.Ternovtsev, D.I. Zoria //Shlyachi pidvishennya efektivnosti budivnistva v umovach formuvannya rinkovich
vidnosin. Zb.nauk.prats.Vip.39.Chast2 K.: KNUBA, 2019-C.123-130.

70



Komo0inoBani MeTajiofnepeB’siHi IBOTaBPOBi 0aIKku
Izop Cknapos, kano.mexu.Hayk, 0oyenm xageopu Memanesux ma 0epes sHux KOHCMpYKyii,

Kuiscokuii Hayionanvnuil ynieepcumem oyoienuymea i apximexmypu (m. Kuis)

B cydacHUX HeCydHMX KOHCTPYKIIiSIX KapKaciB MHUPOKO 3aCTOCOBYIOTHCS TOHKOCTIHHI CTalIeBi
npodiai Ta KOHCTPYKIT 3 KiIeeHO1 nepeBMHU. KokeH 3 IuX MarepiajiB Mae CBOI IepeBaru Ta
HE/IONIKM y THUTAaHHSAX Hecydol 31aTHOCTI, YKOPCTKOCTi, TEIUIOTEXHIYHHMX Ta IHMMX (i3HUHUX
XapaKTePUCTUK. Y IbOMY KOHTEKCTi IOLIJIBHO PO3IJISHYTH MOKJIUBICTh MOEAHAHHSA MO3UTHUBHUX
BJIACTUBOCTEH JAEPEBUHU Ta METAJTy 33 PaXyHOK iX ONTHMAJIbHOTO KOHCTPYKTUBHOT'O KOMOIHYBaHHS
[1]. Cnabkum miciieM y po0OoTi kieedaHepHUX OaloOK € BHHUKHEHHS CKJIAJIHOTO HAIPY>KEHOTO
CTaHy y CTiHLI Oanku,a TakoX OOMEXKEHHs y Hecydid CIIPOMOXKHOCTI, $IK€ NPUBOIUTH JO
HEOOX1THOCTI 3aCTOCYBaHHS MPSMOKYTHHUX TEePEPi3iB, HE 3aBk AU €(hEKTUBHUX MIPU POOOTI HA 3TUH.
3BapHi JTBOTaBPOBiI OaJKé 3aCTOCOBYIOTHCS IIMPOKO, ajie iX HEJONIKOM € IIiJIBHIEHA Bara Ta
BapTICTh.

Merta mnpoBeneHHS MAOCHIPKEHb IOJIATa€ CHHTE31 BIACTHBOCTEH poOoTH rodpoBaHOl
METaJIeBOi CTIHKH, SKa JI0Ope CIpUiiMae IMOINEpevHi 3yCHiuid y Oajkax, Ta MOSCIB 3 IUIBHOI 4H
KJICEHOT JIEPEeBUHHU, Kl 374aTHI CIPUIMATH 3HAUYHI HOPMAaJbHI HANPYKECHHS B3J0BXK BOJIOKOH Ta 32
PaxyHOK MacHMBHOCTI CIPHSIIOTh 3a0€3MeYSHHIO 3THHAILHO-KPYTHOI CTIHKOCTI 0ajIoK.

3amada BUpINIYeEThCS THM, L0 y Tosicax 3 jaepeB’siHoro Opyca 1 (puc. 1) ¢dpesepyerscs
MO3/TOBXHIN Ta3, y KWW BKICIOETHCS a00 3alpPECOBYETHCS CTaleBUil PO 1Ib0BaHUMN JIUCT 2 (puC.
1) [2]. Hlupuna na3a nopiBHIOE BUCOTI ro¢pu npodiiboBaHOro JuUcTa. TOBUIMHY CTiHKH, BUCOTY
rodpu CTaJIeBOTO JINCTA Ta TaO0apUTH JepeB’THOrO Opyca MOsCIB CiIiJl BU3HAYATH 32 PO3PAXYHKOM.
Sk cTiHKa, y nepuioMy HaOIMKEHHI, MOKe 3aCTOCOBYBAaTHCh MPO(IbOBAHUIN CTAJIEBUM JIUCT TUITY
C10-C44 3a JCTY b B.2.6-9:2008 3 TpaneneBugnoro ¢opmoro rodpis. us HamiiHOTO
CKJICIOBAHHS CTAJ€BOr0 MNpPOQiIbOBAHOTO JHMCTAa Ta JEPeB’STHUX IMOSICIB MOXHAa BUKOPUCTATH
JBOKOMITOHEHTHUW EMOKCHUIHUN KJEeH, 10 Mae ao0py aaresiro sSK 3 METaJIeBUMH, TaKk 1 3
JIepeB’sSIHUMU MTOBEpXHAMHU. BHacIiOK 3acTOCyBaHHS MeTaleBoi MpodibOBaHOI CTIHKH Y
JIEpeB'sTHUX JIBOTaBPOBUX Oankax BiJOyBaeThCS MIJBUIIECHHS HECydol 3/JaTHOCTi, >XOPCTKOCTI
npodino, 3MEHIIyeTbcs HeoOXiJHa BHCOTa Iepepidy Ta BilacHa Bara Oajok. Bcee me cyrreBo
301IbIIyE /Aiana30H BUKOPUCTAHHS JBOTAaBPOBHMX OalloK 3 MOsSCaMU 3 JIEPEBUHHU Ta MIABHILYE X
€(eKTHUBHICTb.

; 2 1 Hns  3abe3neueHHs BHUCOKOI KOPO3iIHHOI

{ FTTTT == ‘ T T | ’ T “ i " ;‘ ;’W CTIMKOCTi, BAKOPUCTOBYIOTHCSI OLIMHKOBaHI METalleBi
L] AL L crinkw 31 crani S550 GD + Z srigao DIN EN 10147
N - 1995. 3a paxyHOK MeHIIOi T'yCTHHH ACPEBUHHU Ta

R ‘ , 3aCTOCYBaHHIO TOHKOi TO(pOBaHOi CTiHKHM, BJacHa
] Bara KOMOIHOBaHHMX OaJioK y 2-3 pa3u MeHIa 3a

aHAJIOTIYHY METAJIEBy, IO 3HIKYH BHUTPAaTH Ha
3BeJieHHsT OyJiBenb. 3aCTOCYBaHHS KOMOIHOBaHUX
METAJIOICPEB’ IHUX ~ 0ajloK €  TEePCHEKTUBHUM
HanpsMOM TIOAABIIOTO MiABHUINEHHS €(pEeKTHBHOCTI
KOHCTPYKIil  Hecyynmx  KapkaciB  OyjiBenb,
MOEHYIOUM y €001 TO3MTHUBHI BIACTHBOCTI JBOX
MaTepiaiis.

Puc. 1. Korcrpykuis MeTanonepes’ sHOT OaiKu

1. YcToiYMBOCTB BBIIITAMIIOBAaHHBIX TO()POB pa3inuHON (OpMBI TOHKOCTEHHBIX METAIIOAEPEBIHHBIX Oanok / A. A.
Axryranos, A. H. Akryranos, O. H. Axryranos // Tpyzasl I10BOMKCKOrO rocyaapCTBEHHOTO TEXHOJIOTHYECKOTO
yuugepcurera. Cepus Texnonoruueckas / - Momkap-Ona : IICTY, 2015. - Bei. 3. - C. 159-163

2. INatent Ha xopucHy Mozenb Ne 130893 Vkpaina, MITIK E04C 3/07 (2006.01). KombinoBaHa MeTanonepeB’siHa
IBOTaBpOBa Oajka 3 MOSCaMH i3 JIEPEBHHH Ta CTIHKOIO 3 TIpodimpoBanoro meraneBoro jucra / Ckmsapos 1. O.;
sasiBEuKH 1 BnacHWkH CrorsipoB 1.O., KuiBcbkuii HalioHadbHHUN YHiBepcHUTET OyMiBHUITBA 1 apxiTektypu; — No
u201807815; 3asB. 12.07.2018 ; omy6ur. 26.12.2018, Bron. Ne 24.
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Combined metal-wood i-beams
I. Skliarov, Ph.D., Associate Professor of the Department of Metal and Timber

Kyiv National University of Construction and Architecture

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

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

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

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

L T ’ TYTTTT ’ ‘ ’ ‘ Tl GD + Z according to DIN EN 10147 1995 are used
L ] to ensure high corrosion resistance. Due to the lower
. - density of timber and the use of a thin corrugated
\ wall, the own weight of the combined beams is 2-3
] times less than the similar metal, which reduce the
-~ - cost of building construction. In addition, such
structures, due to the natural texture of wood, are
aesthetically attractive. The use of combined metal
beams is a promising direction for further increasing
the efficiency of structures of bearing frames of
buildings, combining the positive properties of two
materials.

il Galvanized metal walls made of steel S550

Fig. 1. Construction of combined beam

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

2. Patent na korisnu model Ne 130893 Ukrayina, MPK E04S 3/07 (2006.01). Kombinovana metaloderevyana
dvotavrova balka z poyasami iz derevini ta stinkoyu z profilovanogo metalevogo lista / Sklyarov I. O.; zayavniki i
vlasniki Sklyarov 1.0., Kiyivskij naczionalnij universitet budivnicztva i arkhitekturi; — No u201807815; zayav.
12.07.2018 ; opubl. 26.12.2018, Byul. Ne 24,
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https://www.translate.ru/dictionary/en-ru/laminated%20wood
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HanipagajgiTH4Hnid MeTO CKiHYeHHMX eJIeMEeHTIB B JiHIHHNUX i HeJJiHIMHUX 3aJa4ax
neopMmyBaHHs, pyliHyBaHHs Ta (OPpMO3MiHEHHSI MPOCTOPOBUX TiJl 3 YpaxXyBaHHAM
HEKAHOHIYHOCTI (p)OpPMH Ta CKJIATHOI CTPYKTYPH

HOpiu Makcum’ok, 0okm. mexH. Hayk, npoghecop, kageopa 06yOdisenbHOI MexaniKu
lean Mapmunwk, kano. mexu. HaAyK, 0OKmopanm, Kageopa 6yoiseibHOi MeXaHiKu
Onexcanop Makcum’tok, acnipaum, xagheopa 0yoigenvHoi MexaHiKu

Kuiscokutl nayionanvuuu ynisepcumem 6yoisnuymea i apximexkmypu (m. Kuis)

Cepen pi3HOMAHITTS MPOCTOPOBUX KOHCTPYKIIIH HAHOUIBII MOMIMPEHUM B PIZHUX TalTy3sX
TEXHIKHU € KJIac 00’€KTIB TL1a SKUX, YTBOPEHI PyXOM JESKOi MOBEPXHI Y3/10BXK Harpasistouoi. Le,
nepuI 3a Bce KaHOHIUHI (BiceCMMETpUYHI 1 TPSAMOJIiHIIHI MpU3MaTHYHi) Tijla i, KpiM TOTO, OLIBII
cKiIaaHl (IUKIIYHO CUMETPUYHI 1 KPUBOIHIKHI PU3MATUYHI) 00’ €KTH, O/IEP)KyBaHi 3 KAaHOHIYHUX
PiBHSHB, LIUIIXOM HE BUPOKEHHX TPUBHUMIPHUX MEPETBOPEHb. BiqMiHHA OCOOIUBICTH MEPIIUX —
HeZe(hOPMOBAHICTh B MPOIIECT PYyXy YTBOPIOBAHOI IMOBEPXHi 1 CTANICTh KPUBU3HU HANPSIMHOI, KA Y
JIpYyTuX MOXe 3MIHIOBAaTHCS, a YTBOPIOBaHY IIOBEpXHIO JedopmyBat 6e3 pospusiB. Ilpu
JOBUIBHOMY XapakTepl po3MOAUTy 30BHINIHIX BIUIMBIB JOCTOBIPHa KapTUHA HaIpY>KEHO-
1e(GOpMOBAaHOTO CTaHy HaBiTh BICECUMETPUYHMX 1 MPSAMOJIHIHHMX NPU3MATHYHUX TiJT HE MOXeE
OyTH OTpUMaHa Ha OCHOBI PO3B’sI3aHHs IBOBUMIPHHX 3a/a4.

[IparneHHs A0 3HIKEHHS MaTEPiaJOMICTKOCTI Ta MiABUILEHHS HAAIMHOCTI, TEXHOJIOTIYHOCTI
Ta EKOHOMIYHOCTI 1H)KCHEpHUX pIIICHh NPHU3BOIUTH [0 YCKIAAHEHHS (QOpMU 1 CTPYKTypH
MIPOCTOPOBUX OO0’€KTIB, HEPIIKO IOENHYIOTH ICTOTHO TPUBUMIPHI 1 OOOJIOHKOBI €IEMEHTH 3
pPI3HUMH 10 BCIX KOOpJMHATAX MEXaHIYHMMH XapaKTepHUCTUKaMHU. SIK mMpaBmiio, B MpOIECi
eKCIUTyaTalii BOHM MiAJAIOThCS [ii CHJIOBHX 1 TEMJIOBUX HaBaHTAKEHb INPUYOMY, BIUIUB
HEOJHOPIIHUX TEMIIEPATypHUX IOJIIB MPOSBIAETHCS K MPU BUHUKHEHHI TEIUIOBUX JedopMarlii,
TaKk 1 TpH, 3MiHI BJIAaCTUBOCTEH MartepianiB. TenaeHis a0 iHTeHCU(IKaIlli BUKOPHUCTAHHS
o0JyaTHaHHS TTOPS 13 3HWKEHHSIM MaTepiaJOMICTKOCTI MTPU3BOJIUTH 10 HEOOXITHOCTI 3aCTOCYBaHHS
KOHCTPYKTUBHUX pillleHb, M0 JONYCKAalOTh HAsBHICTh HE3BOPOTHIX JjAedopmariiii, 110
CYIIPOBOJIKYIOTBCS ISl ACIKHUX €JIEMEHTIB iICTOTHOIO 3MiHOIO TIepBicHOI (hopMu. PO3BUTOK BeTHKHX
IUTACTUYHUX JedopMalliii XapakTepHO JUIs YUIUIBHIOIOYMX KUIBLEBUX TMPOKIIATOK, 3aKJIENOK B
3’€HYBaJbHUX OMEPAIlisiX, 3aTOTOBOK MpU 00p0oOIIi MeTa B TUCKOM (BUTSDKII, OCaJli, MPOTSIKIIL) Ta
iH. Po3paxyHOK KOHCTPYKIIIH TpH HASBHOCTI TEIUIOOOMIHY 3 3OBHIIIHIM CEpPEIOBHIIEM,
IUIACTUYHUX JAeopMaliiii, ICTOTHOI 3MIHM MOYaTKOBOi (hOpMH, MaricTpajibHUX TPIMIMH 1 3MIHU 3
IHIIUMU 00’€KTaMU TPU3BOAMTH O HEOOXiMHOCTI PO3B’A3aHHS CKIAJHUX IMPOCTOPOBHUX 3a7ady
HECTAaIlIOHAPHOI TEIUIONPOBITHOCTI, TEOpii MPYKHOCTI 1 TIUIACTHYHOCTI Ui HaBaHTaKEHHUX
CTaTUYHHUMHU 1 IUHAMIYHUMH TEPMOCHIIOBUMH BIUTMBAMU T1JI HEKAHOHIYHOIO ()OPMHU 3 YpaxyBaHHAM
KOHTAKTHOI B3a€MO/JIIT 1 BEIMKHX IJIACTUYHUX Aedopmalliii, a TaKOX 3a/1a4 MEXaHIKU pyHHyBaHHS.
Tomy po3pobka Ha ocHOBI MCE eheKTUBHUX METOIB pO3paxyHKY, BICECUMETPUYHUX, ITUKIIYHO
CUMETPUYHHX 1 MPU3MATUYHUX MPOCTOPOBUX KOHCTPYKIIH, 110 3a0€3MeUy0Th ICTOTHE YTOUYHEHHS
PO3paxyHKOBHX CXeM O0’€KTiB 1 BJOCKOHAJEHHS METOMIB iX aHali3y - aKTyalbHa Mpodiema
OyIiBeNbHOI MEXaHiKH, B 00JaCTi KOMIT IOTEPHOTO MOJICTIOBAHHS KOHCTPYKIIH OyAiBeNb 1 CIOPYT
CHeLiaIbHOTO MPU3HAUCHHS.

3 ypaxyBaHHSAM ICTOTHO TPHUBHMMIPHOTO XapakTepy HampyKeHO-Ae()OpMOBaHOIO CTaHy,
JOCTIPKEHHS. BUIUIEHOTO Kiacy OO0’€KTIB HEOOXITHO MPOBOAUTH B IMPOCTOPOBIN MOCTaHOBIII.
Haiibinpim yHiBepcanbHUN YHCETbHUN METO/I, IO J03BOJISIE BUKOHYBATH PO3PAaXyHKH KOHCTPYKIIIN
3 ypaxyBaHHSAM ()i3MYHOI 1 TEOMETPUYHOT HENHIHHOCTI, a TAaKOX 3 MO3HIINA MEXaHIKH pyHHYyBaHHS,
- e MCE. OzHak #oro MOXJIMBOCTI TP BUPIIIEHH] POCTOPOBUX 3a]ay JIyke oOMexeHi. Tomy ix
pillleHHs 3/1MCHIOEThCS, SIK MPAaBUIIO, B PAMKax BICECUMETPUYHOI 1 MJIOCKOI MOCTAaHOBOK. ICTOTHO
niasumuT epextuBHicth MCE, ocobmuBo Ui po3risiHYyTUX B AaHid poOOTI Kiacy 00’€KTiB,
JI03BOJISIE MOTO TIOEJHAHHS 3 METOJIOM PO3JAUICHHS mepeMiHHuX. Lledl miaxim oTpumaB Ha3By
HaIiBaHATITHYHOTO MeToAy cKindeHHuX enementiB HMCE [1].

1. baxenoB B. A. HaniBananmiTuaauii MeTOJ] CKIHYEHHHX €JIEMEHTIB B 3aJadyaX KOHTHHYaJIbHOI'O PYyHHYBaHHS
npocropoBux Tit: Monorpadis / B.A. baxenos, O.1. T'yisp, C.O. ITuckynos, O.C. CaxapoB — K. : «Kapasenay,
2014. - 236 c.
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Semi-analytical method of finite elements in linear and nonlinear problems of
deformation, destruction and shape change of spatial bodies taking into account non-
canonical form and complex structure

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

Kyiv National University of Civil Engineering and Architecture (Kyiv)

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

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

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

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

1. Bazhenov V.A. Napivanalitychnyi metod skinchennykh elementiv v zadachakh kontynualnoho ruinuvannia
prostorovykh til: Monohrafiia / V.A. Bazhenov, O.1. Huliar, S.O. Pyskunov, O.S. Sakharov — K. : «Karavela», 2014.
—236s.
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Buxopucranns MicueBux OyaiBeJbHUX MaTepiadiB npu OyAiBHUITBI JOCTYIIHOIO
MAJI0II0BEPX0BOI0 KUTJIA

Bixmopia Tumok, xano. ekoH. HayK, OoyeHm Kagheopu eKoHOMIKU 0yOieHUYmMEa
Onena Emenvanosa, KaHo. HAYK 3 0epic. ynp. 0oyenm Kageopu opeanizayii ma ynpaeiinHsi
0yOieHUYmMEOM

Kuiscokuil nayionanvuuu ynisepcumem 6yoisnuymea i apximexkmypu (m. Kuis)

ByaiBHUIITBO KHUTIOBOTO OYIMHKY — II€ JOCTaTHBO JOPOTE 33J0BOJICHHS, SIKE MOXYTh COO1
JTIO3BOJIUTH TUTBKH 3aMOJKHI JIFOJH. 3a JOTOMOTOK CYYaCHHUX TEXHOJIOTiIH B OYIiBHHMIITBI MOXKHA
noOyTyBaTl TaKUi MaJIOTIOBEPXOBUH JKUTIOBHHA OyAMHOK, MO0 y Mayo3abe3nedeHoi poauHU
BUSIBIJIOCS HE TIJIbKU Oa’KaHHS MaTH CBIM 1M, ajie il MOXJIMBICTh HOTO KYIHTH.

CporosHi iCHyIOTb €KOHOMIYHI HPUHIMIH, JOTPUMAHHS SIKUX MOXE CYTTEBO 3HU3UTH
BUTpaTH TMpu OyJIBHUUTBI MAajONOBEPXOBOIO JKUTJIOBOTO OYIUHKY: BHUKOPHUCTAHHS IIpH
Oy[IBHMLITBI KMTJa MICLEBUX MarepiajiB; 3aCTOCYBaHHS THUIOBUX YHI(IKOBaAaHUX CXeM
IUTaHYBaHHS; BUKOHAHHS OyJlIBEIbHUX POOIT KBali()iKOBAHUMHM KaJpaMu, sIKl MPALIOIOTh SKICHO 3
BHUCOKOIO TPOJYKTHBHICTIO TIpalli; 3acTOCYBaHHS Cy4YaCHHMX OY/IBEJbHUX TEXHOJOIIH, sKi
JI03BOJISIIOTH Oy TyBaTH Oy/IMHOK B KOPOTIII CTPOKH.

Bei mi mepepaxoBaHi OCHOBHI NPHUHLMIIM MOBMHHI OyTH B3a€MOIIOB’s3aHI MK €00010.
3acTocyBaHHS MICLIEBUX MaTepiajiiB CKOPOUYYIOTh BUTpPAaTH Ha iX HABAHTAXXCHHs, MEPEBE3CHHS,
PO3BaHTAXXECHHS, CKJIAJyBaHHS Ta 1H. YHi(ikoBaHa cxeMa BUPOOHMLTBA 103BOJIsi€ (hopMalli3yBaTH
BUPOOHUYMI MPOLIEC 1 3HAYHO 3HU3UTU COOIBAPTICTh 1 CKOPOTUTHU TPUBAJICTh 3BEJICHHS 00’ €KTA.

OxpiM acHekTiB JOBrOBIYHOCTI JKMTJIa TOBHMHHA 3a0e3ledyyBaTUCs TapMOHi3alis 1
pamioHamizamisi BIZHOCHH JIOJIMHA 3 TPHUPOJIOI0, CTAIMK Ta EKOJOro-Oe3MeyHuil CoIlaIbHO-
€KOHOMIYHUI PO3BUTOK, a CaMe 3aXHCT HAaBKOJHUIIHBOTO CEPeAOBHUINA, KJIIMaTy Ta MPUPOTHHUX
pecypciB. Hacto meToro (YpsiaiB, a 1HOAI 1 MICIIEBUX TPOMaj) € Te, MO0 KUTIO HE CHPUSIIO 3MiH1
KJ1iMaTy abo BUKHJaM MAapHUKOBUX Ta3iB — 30kpeMa, razy COz2.

CaMaH — 1€ TVIMHSIHI LETJIMHU, OCHOBOIO SIKUX € TJIMHA CepeJHbOI JKUPHOCTI, a B SKOCTI
HaIOBHIOBaYa CIY>KUTh JPiOHO HapizaHa cOJOMa, Pi3HI BOJIOKHHCTI pOCIMHM a00 HaBiTh THIH.
CporofHi )KMTIIO0 3 TIIMHSAHUX LIETJIMH 3HOBY HaOMpae MOMyJISIPHICTh CepeJl HallluX CIiBBITYU3HUKIB,
3 BUKOPUCTaHHSIM KOMOiHOBaHOTO Kapkacy [1].

OuepeToBi MJIUTH 3aCTOCOBYIOTH JJIsl 3allOBHEHHS KapKaciB OyJIUHKIB, K1 YKJIAJarOTh SK
HakaT 1o 6ajJKax MI>KIOBEPXOBOT'O 1 TOPUIIHOTO TIEPEKPHUTTS; OUEPETOBI IJIUTH 3aCTOCOBYIOTHCS SIK
TEIUIOI30JISMIIMHI MaTepiajiii 1 B KamiTadbHOMY OyIIBHMIITBI. BOHM MOXyTh OyTH YyKIaJeH1 MiJ
napkeT abo miHosmeyM Ta iH. [2]. Odeper TakoX BUKOPHCTOBYETHCS SIK TOKpIBEIBHUI Martepia,
OCKUIBbKH BiH € JerkogoctynHuM. Lle o3Hauae, 110 11€ 1 AemieBo, 1 JETKO TPaHCIOPTYBaTH.

Koctpunst np0Hy 1 KOHOIUII BHUKOPHUCTOBYETHbCS B OYIIBHUITBI JUIsI BHUTOTOBJICHHS
TEIUIOI30JSAIMHNX MaTepiainiB abo SK HANOBHIOBAY JUIsl MarepialiB 3 TEIJIOTEXHIYHUMHU
MOKa3HUKaMH. € I[ikaBi JaHi, mo mpu TOBIMHI cTiH 400 MM 3 BUKOPUCTaHHSIM YTeIUIIOBaya 3
KOCTPUIL, JUIS 06irpiBy mpuMimenHs mmomieo 100 M? HEOOXiZHO B 3MMOBY TIOPY POKY BCHOTO 3
kB1/ron enexkrpoeneprii. HaiGinbln IMMPOKO KOCTPHUI 3aCTOCOBYEThCS JJsl  OyIIBHHMIITBA
IHAUBIAYaTIbHUX OyUHKIB. Takok BOHa BUKOPHUCTOBY€ETHCS AJIsi BUTOTOBJICHHS IT1JIOT.

ByniBenbHi MaTepianu, JEMOHCTPYIOTh [esiKi HOBI, a 1HOAI ¥ eKclepuMEeHTalbHI
0COOJIMBOCTI, ajle y BCIX BHUNAJAKax HeoOXigHa mpodeciiiHa yBara Ui MOAAJIBUIOTO PO3BUTKY
(iHomi) TpamuIiiHUX OyAIBENbHUX MaTepialliB Ta TeXHONOTii. [Ipu 1bOMYy TEXHOIOTIYHUN
PO3BUTOK BHMAara€ I1HCTUTYIIIHOI MIATPUMKM Ta HOBHUX MUIOTHUX MPOEKTIB. YpsJ MOBUHEH
peTenbHO Teperisaatd OyaiBeIbHI HOPMH Ta CTaHAAPTH, 100 YHUKHYTH TEPELIKOJKAHHS
BHUKOPHUCTAHHIO BIATOBIAHUX MaTepiaiB 1 TEXHOJOTIH Yy KUTIOBOMY OyMIBHHUIITBI, OCOOJMBO IJIS
TPYT 3 HU3bKAM PIBHEM JIOXOIY.

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

2. Oueper sk MaTepian Uit OyIiBHUNTBA: BUTITHUN Oi3HEC

http://melnicabiz.com.ua/ideas_new?2/469 business kamysh-kak-stroitelny-material.html
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The use of local building materials in the construction of affordable low-rise housing

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

Kyiv National University of Civil Engineering and Architecture (Kyiv)

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

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

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

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

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

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

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

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

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

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

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

2. Ocheret yak material dlya budivnytstva: vyhidnyy biznes

http://melnicabiz.com.ua/ideas_new?2/469 business_kamysh-kak-stroitelny-material.html
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AHaJi3 paMHHMX BY3J1iB TPY00O0ETOHHOI KOJIOHHM TA CTAJeBOI 0aJIKH
B aCHEKTI MPorpecyr4oro pyiiHyBaHHS.

Onexcin Jlascokuii, acnipanm kagheopu memanesux i 0epes ssHux KOHCMpYKYiu
Kuiscoxuii nayionanvnuil ynigepcumem 6yoienuymea i apximexmypu (m. Kuis)

[Ipu npoexTtyBanHi  OyAiBeNb 1 CHOPYJ CHELIAJbHOTO NPU3HAYEHHS OCOOJIMBY pOJb
HEOOXITHO MPUIUIATH PO3pPaxyHKy Ha MHporpecyrode pyHHYBaHHS, 1€ MPOLEC PO3MOBCIOJKEHHS
MMOYATKOBHX JIOKAIBHUX TOIIKOKEHb Y BHIUIAI JIAHITIOTOBOI peakilii BiJl OJHOTO €JIEMEHTY 0
IHIINX, 110 NPHU3BOAUTH N0 pyHHYyBaHHs Bciei OyniBmi abo i1 wactunu. [lo mporpecyrodoro
pyHHYBaHHS MOXYTb HPHU3BECTH IIOMIKOJDKEHHS OCHOBHMX HECYYMX €JIEMEHTIB OyJiBii,
HaifuacTille — KOJIOH MEepUIOro MoBepXy, BHACIIIOK BUOYyXy abo TapaHy TPaHCHOPTHUM 3aCOOOM.
Jani aBapiiiHi cuTyauii po3IsSAaroThCs 1HKEHEPOM-TIPOCKTYBAJbHUKOM HUIIXOM IMPUKIIAAAHHS
€KBIBAJICHTHUX HaBaHTAXEHb JIO OJTHOTO KOHCTPYKTHBHOTI'O €JIEMEHTY abo IMOBHE HOro BUAaJICHHS
i3 po3paxyHkoBoi mozeni [1].

Tpy0©oOeToHH1 KOJIOHH MalOTh PsiJl IIepeBar B MOPIBHAHHI 3 METAJIEBUMH 1 3aJ11300€TOHHUMHU
KOJIOHAMH y acCIeKTi Omopy Ha mporpecyroue pyitHyBanHs. [lo-niepie, Oipia MexaHidyHa MIIHICTh
TpyOOOETOHHOI KOJIOHM Yy TOpPIBHSAHHI 3 €KBIBAJEHTHUMH IIepepi3aMu 3ali300€TOHHUX a0o
MetaneBux kojioH Ha 50-80%. Lle € pe3ynbrarom poOOTH cTaneBoi TpyOH K 000WMH Jisi OETOHHOT
CEepLEBUHM, a TAKOX PO3KpIIUIEHHS OeTOHOM cTajneBoi Tpyou i3 cepenun [1]. ITo-gpyre, Oinbina
BOTHECTIMKICTh y TIOPIBHAHHI 13 MeETajleBUMH KoJoHamH. [lo-Tpere, mMiuacTUYHUN XapakTep
pyHHYBaHHS y MOPIBHAHHI 13 3aJ11300€TOHHUMHU KOHCTPYKIISIMH, 110 HE JIOIyCKAa€E MOMEHTAILHOIO
pyHHYBaHHSI CIIOpYAM, a Jla€ 4yac Ha eBakyarllito jrozeil. [lo-ueTBepre, BuCOKa CEHCMOCTIHKICTD
JaHUX  KOHCTpYyKWik. Jlng  mpoTuAil  mporpecyrouoMy  pyHHYBaHHIO — PEKOMEHAYETHCS
BUKOPHCTOBYBAaTM paMHI By3JIM B HeCyuux OyJiBelbHMX KOHCTpyKuisix. lle mo3Bosse
PO3paxoByBaTH Ha MEPEpO3MOALT 3yCHWIb Ha CYCIJIHI HECydi €JeMEHTH BHACIIOK BHKIIIOUCHHS 3
poOOTH O/IHI€T KOHCTPYKIIIT.

VY paMHIli KOHCTPYKIi 3 TpyOOOETOHHOI KOJIOHM Ta CTaleBOi OajlKu MpH pO3pPaxyHKy Ha
nporpecyrode pyiHyBaHHS BHpIIIaJbHE 3HAYCHHS Ma€ BY30J 3’ €HaHHS OaJKd Ta KOJOHHU. 3TiTHO
€KCIepUMEHTAIbHUX JOCHIPKEHb, BUHUKA€ YOTUPH CTalii poOOTH By3/la B JAHOMY BHIIAJKY.
[lepma crapisi, «0ankoBUi MeXaHi3M», IPUCYTHS O TOYATKy PyHHYBaHHS HECY4Oro eJeMEeHTa i
XapaKTepHa HAasBHICTIO HAIPY>K€Hb CTUCKY Yy BEpXHIH YaCTHHI Oallku, pO3TATYIOUUX — Yy HMKHIH.
Heiitpanbha Bick MPOXOAUTH OJIM3BKO JI0 CEpeIMHU Nepepidy eneMenTa. Jpyra crafis, «3Mimanui
MeXaHI3M», TOYMHAETbCA 13 MOMEHTY aBapifHOIO BIIMBY HA KOHCTPYKTUBHHUI e€NeMeHT 1
XapakTepHa Pi3KUM 30UTBIICHHAM PO3TATYIOUMX HAIPYKEHb y HWKHIA 30HI Oanku. HeliTpanbha
BICh 3MILIYEThCA Bropy IO Mepepidy eIeMEeHTa, 30Ha PO3TATYIOUUX 3YCHJIb 30LIbIIYETHCS, 30HA
CTHCKAIOYMX 3MEHINYEThCSA JO MIHIMAJIBHHUX 3HA4YCHb. TpeTs cTajis, «JIaHIFOTOBUN MEXaHi3M»,
XapakTepHa MOBHOI BIJICYTHICTIO CTHUCKAIOYHMX HAMpYXEHb B mepepizl Oanku. HelTpanpHa Bich
BIZICYTHSI, BECh €JIEMEHT NpAIlO€ Ha po3TAr. UeTBepra craiis, «pyHHYBaHHS», MOYHUHAETHCS 3
pYHHYBaHHS HI)KHBOI YaCTUHU OAJIKM BHACIIJOK PO3TATYIOUMX 3yCHiIb. HanpyXKeHHs B IUX MICISIX
JOPIBHIOE HYJIO, TIPOTE BEPXHS YAaCTHHA OAJIKM III€ MPOJOBXKYE CIPUUMATH PO3TATYIOUl 3yCHIUIS
JIOTIOKH He B110yBA€THCSI OCTATOYHOI'O PO3PUBY.

ExcnepumeHTanbHO JTOBENEHO, M0 €(EKTUBHUM CHOCOOOM BJAIITYBAaHHS BY30JIy CTHUKY
TpyOOOETOHHOI KOJIOHU Ta CTajIeBOi OAJIKM € BUKOPUCTAHHS KPYIJIMX a00 NPAMOKYTHUX (/17151 KOJIOH
KBaJIPATHOTO TIepepi3y) HAKIAIHUX IUIACTHH, SKi 00 €IHYIOTh BCl OATKM OJHOTO PIBHS MO HIKHIM
Ta BepXHiIM BoslokHaMm [2]. Lle crpuse kpammomy nepepo3noily HanpyKeHb MIXK €JIeMEeHTaMH Ipu
BHUKJIIOYEHH1 KOJIOHH 13 POOOTH HECYUYOTO KapKaca.

1. ACTY-H b EN 1994-1-1:2010. €Bpokon 4. [IpoekryBaHHs crayne3ayli3o0eTOHHUX KOHCTpykuid. Yacruna 1-1.
3aranpHi mpaBuia i npaeuna ans cnopyn (EN 1994-1-1:2004, IDT) — Yunnwmit Bix 01.01.2014. — Kuis: JI1
«AHAIBK», 2012. — 159 c.

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

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

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

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

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

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

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

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

2. Wenda Wang, Huawei Li, Jingxuan Wang. Progressive Collapse Analysis of Concrete-filled Steel Tubular
Column to Steel Beam Connections Using Multi-scale Model. Structures, Volume 9, February 2017, p 123-133.
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Oco01uBOCTI NPOCKTYBAHHS BEPTOAPOMHOI0 MalJaHYMKA Ha Aaxy OyaiBJi

Banepiu Ilepwakos, 0.m.1., npoghecop
Anopin bearamunckuii, 0.m.H., npoghecop
Onekcanopa Akmanodinosa, x.¢).H., npogecop

Hayuonanvnuii asiayivinuii ynisepcumem, (m. Kuis)

Buxoas4u 3 KOHCTPYKTUBHUX OCOOJIMBOCTEH BEPTOJITHOIO MAalJIaHUMKIB Ha Aaxy OyIiBii
MOXHa C(HOpPMYITIOBAaTH OCHOBHI BUMOTH 10 HUX [1,2]: iHKEHEepHE pilleHHS KOHCTPYKIIi IIUTH
MOKPUTTS BEPTOJIITHOTO MaWJaHYMKa Yy BHIJISAAI OaJOYHOI KIIITI 13 HE3MOMHOK OmnajayOKor Ta
pEOPUCTOI0 TUIMTOK0 TOKPUTTS, CTIMKICTh Ta MIIHICTh KOHCTPYKIlii; HEBEJIMKA Bara; SKOMOTa

O1plIa MexaHi3allis pooiT.

Po3paxyHKOBUM JUIsl BEPTOIITHOTO MaiilaHYMKa Ha Jaxy Oy/iBii o6paHo Mi-8 sk HaiO11b11
MOIIMPEHUH BEPTOJIT B Mexkax YKpaiHu. Po3paxyHkoBa MoJienb IPOCTOPOBOI CXEMH KOHCTPYKIIIH
KapKacy BHCOTHOTO J>XKUTJIOBOro OymuHKy BukoHaHa B migcuctemi (IIC) «KOMIIOHOBKA»
nporpamuoro komiuiekcy (I1K) «Monomax-CAIIP» 1 ekcriopToBana B mporpamaunii komruieke [TK

«JINPA-CAIIP» [1 2], (pI/IC 1,2).
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Puc. 2. Emtopa 3ruHaNbHUX MOMEHTIB JUIS TOJIOBHOT OaJiku

Amnati3 HanpyXeHo-/1e()OpMOBAHOTO CTaHy CIOPYAHM ITiJ[ BIACHOI Baroko Ta i3 ypaxyBaHHSIM
BIUIMBY BEpPTOJITHOIO HAaBaHTAKEHHS IIOKa3ye, [0 MaKCUMAallbHE MEPEeMIlIeHHS CHOpPYAu TMij
BIUIMBOM BJIACHOI Baru CTaHOBUTH 6,87 CM, a IPOTHH caMOl TUTUTH BEPTOIITHOTO MailaHUIMKa — TIiJT
BJIACHOIO BAaroro Ta BILUIMBOM BEPTONbOTY — juie 0,18 cMm.

1. ITeprrakoB B. M. Beproapomu: Monorpadist / B. M. Ilepmakos, A. O. benstuncekuii, T.B. biusarok, H.I'.

Cemupo3s. — K.: Bun-so HAY, 2014.-370 c.

2. IlepurakoB B. M. TlpoektyBaHHsI aepopoMHUX MOKpUTTiB. MoHorpadis. /B. M. Ilepuiakos, Xe IOitninb, A. O.
benstuncekuii, T. B. BiusHiok, 3a pen. a.1.H., npod. B. M. IlepiakoBa. 2-¢ Bu.

Henbdinn, 2019. — 140 c.
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3anponoHoBaHO KOHCTPYKLIIO
BEPTOJIITHOTO MalTaHIuKy i3
BUKOPHCTaHHIM TNpodHACTUITY B SKOCTI
HE3HOMHOI ONalyOKW i TIOCaJIKU
BepTONBOTY Ha nax Oymnismi. KoedirieHTt
3amacy  MIIHOCTI  TOJOBHOI  Oaiku
cranoButsb 1,20.

BcranosieHo, mo mpu CyMicHiH
poOOTI BEPTOJIITHOTO MalmaHYMKa Ta
OaraTonoBepxoBoi OyiBII BEpPTOJIT HE
3aBJa€ 3HAYHOTO BIUIMBY Ha HaINpPy>KEHO
ne(hOpMOBaHUI CTaH CIIOPYIH
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Helipad on the building roof design features

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

National Aviation University, (Kyiv)

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

The Mi-8 was chosen as the most common helicopter within Ukraine for calculating the
helipad on the building roof. The calculated model of the spatial scheme of a high-rise residential
building frame structures is made in the "COMPONENT subsystem of the software package (SP)
"Monomakh-CAD" and exported to the SP "LIRA-CAD" software package [1,2], (Fig.1, 2).
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Fig. 1. The results of the helipad calculation in the “LIRA CAD” SP
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Habedero G 20700n0! of corrugated flooring as a fixed
000 il formwork for landing a helicopter on
the building roof is proposed. The
main beam safety factor is 1.20.

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

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

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

2. V.M. Pershakov, He Yulin, A.O. Bieliatynskyi, T.V. Blyzniuk, 2019. Proektuvannia aerodromnykh pokryttiv:
Monographia za red. doctor technichnykh nauk, prof. V.M. Pershakov. 2-e vyd. Kyiv, NVF «Slavutych-Delfin», 140
(in Ukrainian)
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Po3paxyHok 3a/1i300eTOHHOI0 CX00BOI'0 MAPIILY HA BOTHECTIHKICTD i3 3aCTOCYBAHHAM
YTOYHEHUX MeTO/AiB

Xpucmuna baiimana, acnipanmka

Tapac /{oneuw, inocenep 3-i kameeopii

Onez Mecenko, Kano. mexH. HAyK, 3a6i0y8ay CeKmMopy 602HeCMiUKocmi OY0igebHUX
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Leparcasue nionpuemecmeo «/lepoicasnuii Hayk080-00CHiOHUY iHCmumym 6y0igeibHUX KOHCMPYKYIlly»
(m. Kuis)

YTouHEH1 METOAN PO3PaXyHKY Ha BOTHECTIMKICTh OyAiBEIbHUX KOHCTPYKIH B110OpaxaroTh
3aKOHOMIPHOCTI iX poOOTH 3a yMOB BOTHEBOTO BIUIMBY mnokexi [1, 2]. YrTouneni wmeromu
PO3IIIAAI0Th PO3PAaXyHKOBI MOJEN! JUIsi BU3HAUYEHHSI 3pOCTaHHS 1 PO3MOIUICHHS TeMIIepaTypu
B KOHCTPYKUil (Terodi3sMuHuil pO3paxyHOK), a TaKOXX MEXaHIYHOi poOOTH KOHCTPYKIIT
(cratnyHuil po3paxyHoK). CTaTUYHHI pPO3paXyHOK BHUKOHYETHCS JUIsI TaKOi 3K TPUBAJIOCTI,
110 1 Terop13UIHUHA.

[IpakTryHe 3acTOCYBaHHS YTOYHEHHX METOMIB PO3TISHYTO Ha MPHKIAAl PO3PaxyHKy Ha
BOTHECTIMKICTh 301pHOr0 3ai300€TOHHOTO CXOAOBOro Mapury. Temnodi3suuHuil po3paxyHOK
CXOJOBOro Mapily OyJl0 BHUKOHAaHO METOAAMM Teopil TEIUIONPOBITHOCTI, IO peali3oBaHi
y nporpamHomy kKomrutekci Ansys Workbench; cratuynuii po3paxyHoK — 30HaJIbLHUM MeTo0M [1].

3a pesyibTaTaMu TEIUIO(I3UYHOIO PO3PAaXyHKY I[P BOTHEBOMY BIUIMBI 3a CTaHAAPTHUM
TEMIIEPaTypPHUM PEKUMOM MOXKEXI NpoTAroM 60-Tu XB OyJI0 BU3HAYEHO PO3MOALI TeMIEpaTypH B
KOHCTPYKIIIi CX0JJOBOMY Mapii, TuB. puc. 1.
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Puc. 1. Po3nonin TemMnepaTypH y CXOJA0BOMY Mapilli: a) 3arajibHUi BUTIIA; 0) monepedyHuit mepepis

Cratn4Huil po3paxyHOK CXOJOBOTO Mapiry Oyj0 BUKOHAHO 30HAJBHHM METOIOM 3a TaKHM
QITOPUTMOM: PO3MOJIJ TOJIOBHHM TIepepidy Ha TmapajeinbHi 30HW; BH3HAUYEHHS PO3MIpiB
NPUBEICHOTO TIepepi3y; 3HIKEHHS MEXaHIYHMX XapaKTepUCTUK apMaTypd BHACHIJOK BIUIUBY
MiABUIIEHUX TEMIIEpaTyp; BU3HAUEHHS 3aJMIIKOBOI HECY4Yoi 3/aTHOCTI NMPHBEIEHOTO Tepepisy;
BU3HAUCHHS PO3PaxXyHKOBOT'O 3yCHJUIS BiJl aBapiifHOTO CIIOJyYeHHS! HAaBaHTaKEHb ITiJT Yac TOXKEXi;
nepeBipKka yMOBH 3a0e31eueHHs HeCy4oi 3JaTHOCTI.

3a pesynpTaTaMH CTaTUYHOTO PO3PAXyHKY 30HAJBHUM METOJOM Hecyda 3[aTHICTh
MPUBEJICHOTO Tepepidy cxomoBoro Mmapmry craHoBuTh Mufi=11,81 kH-M, mo mnepeBumrye
pPO3paxyHKOBE 3HaYEHHS 3TMHAJILHOTO MOMEHTY Tij] 9ac moxexi — Medfi=7,54 kH-M. Takum auHOM,
BOTHECTIHWKICTD 3aJ11300€TOHHOTO CXOJI0BOTO MapIry 3a0e3edeHa.

1. €Bpokon 2. IIpoekTyBaHHs 3a1i300eTOHHHMX KOHCTpyKUii. Yactuna 1-2. 3aranpHi nonoxeHHs. Po3paxyHok
KOHCTpYKIIi# Ha BorHecTiiKicTs (EN 1992-1-2:2004, IDT): JICTY-H B EN 1992-1-2:2012 — [Yunni 2013-07-01]. —
K.: Minperion Ykpainu, 2012. — 87c. — (HauionanbHuii crannapt Ykpainn)

2. PospaxyHOK 3ai1i300€TOHHMX KOHCTPYKILIH Ha BOTHECTiMKicTh BiamoBigHo no €Bpokony 2. IlpakTuynwnit
mociOuuk [Tekct]: / B.I'. [Toxnoncekwmii, O.A. @ecenko, B.I'. Tapactok Ta in. — Kuis: [nteprexnomnoris, 2016 — 83 c.
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Fire resistance analysis of reinforced concrete stair using advanced methods

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

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

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

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

The temperature distribution within the stair construction was determined as the result of
thermal response calculation for 60 minutes in standard fire exposure, see Fig. 1.
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Figure 1. The temperature distribution within the stair construction: a) general view; b) cross section

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

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

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

2. Rozrakhunok zalizobetonnykh konstruktsii na vohnestiikist vidpovidno do Yevrokodu 2. Praktychnyi posibnyk
[Tekst]: / V.H. Poklonskyi, O.A. Fesenko, V.H. Tarasiuk ta in. — Kyiv: Intertekhnolohiia, 2016 — 83 s.
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Oco01MBOCTI NPOCKTYBAHHS CTA/1€321i3006 TOHHMX KOHCTPYKIii
srigno JICTY-H b EN 1994-1

Muxaiino Ilocmepnak, ooyenm kageopu 3aniz00emoHHUX ma Kam sSHux KOHCMPYKYitl
Onexcin Ilocmepuak, acucmenm kagedpu 3aniz06emonHux ma Kam ssHuX KOHCMpYKYit

Kuiscokuii Hayionanvruuil ynigepcumem 0yoienuymea i apximexmypu (m. Kuig)

Mertoro nmocmimkenHs € anani3 3acrocyBanHs JICTY-H b EN 1994-1-1 no po3paxyHky Ta
MIPOEKTYBAHHS  CTaJIe3ali300€TOHHUX KOHCTPYKLIH 1 BHU3HAueHHSI €(QEKTUBHOIO BHOOpPY
KOHCTPYKTHUBHUX €JI€MEHTIB.

CtpiMKHU# pO3BUTOK Oi3HECY B HaIllll KpaiHl MOTPeOy€ MBHUAKOTO OyMiBHUIITBA Ta BIIKPHUTTS
HOBHX 0i13HEC-IIEHTPIB TOPTOBEJIBHUX Ta CIIOPTUBHUX KOMILUIEKCIB 10 0OCIyrOBYBaHHIO HACEJICHHS.
ByniBHUITBO  JOTICTUYHMX LEHTPIB, MNPOMHUCIOBHX Ta AarpolpOMHCIOBUX CIOPYX  JUIS
BUPOIIYBaHHS CUIBCHKOTOCIIONAPCHKOI MpoAyKuii ii mepepoOku Ta 30epiranHs mnorpelye
CKOPOUYEHOTO TepMiHy OyAIBHHUIITBA Ta MOMJIMBOCTI IIepeoOIagHaHHS ICHYIOUHUX OyAiBeb ITiJT 1HII
TexHoJorii BHpPOOHHMITBA. ToMy 3acTOCyBaHHS JIETKHX Ta €(EeKTUBHUX €JIIEMEHTIB JJis
HECTaHJIAPTHHUX TPOJIBOTIB B OYIIBISAX Ta CIOPYAAax A€ MOMJIUBICTh 3HAYHO CKOPOTUTH TEPMiHM
OyAiBHHMLITBA Ta 30UTBIIUTH €KOHOMIUHHM edekT. HasgBHa TeHACHIlis MPUHOCUTD B HAIILy MPAKTUKY
CTane3aai300€TOHHI KOHCTPYKIIi, SKi JTO3BOJISIOTHCS 3a PaxyHOK CYMICHOI pOOOTH OTpUMATH
e(peKTHUBHI KOHCTPYKLIi 31 3MEHIIECHHSIM MaTepiaJloOEMHOCTI, 3a0e3meuyyroud BCi HOPMATHUBHIN
BHMOTH JI0 MPOEKTYBaHHS Ta BUTOTOBJICHHS OyiBETbHUX KOHCTPYKIK. Taki HOBI KOHCTPYKTHBHI
€JIEMEHTH BUKOHAHI 31 CTaNIe3a11300€TOHY JO3BOJISIOTH JOIMOBHUTH MO3UTHBHI SKOCTI MaTepiajiB sK
cTaii Tak i 3am300eTony. Tak BiamTyBaHHs Kapkacy OyIiBiIi 3 3aCTOCYBAaHHSIM CTajie3alli300€TOHY
HaBEJICHOr0 Ha puc.l MigBUILYE BOTHECTIHKICTH Ta >KOPCTKICTh OyZiBii. A BIAIITYyBaHHS
NEepeKpUTTS 3 3aCTOCYBaHHSAM  CTaJe3ali300€TOHY HAaBEJCHOTO Ha pHC.2 Hi/BUIITy€
CEeHCMOCTIHKICTh Ta BOTHECTIHKICTh Oy iBi

pusm—— YT}

Puc.1 — Ilpuknan BnamtyBaHHs Kapkacy Oyzieni i3 Puc.2 — [Ipukian BnamTyBaHHS NEPEKPUTTS 3
3aCTOCYBaHHS CTaje3al1i300eTOHNX KOHCTPYKIIIi. cTane3aixiz00eTOHHUX KOHCTPYKITii

ba3oBUM JOKyMEHTOM JJisi NMPOEKTYBAHHS CTalie3ali300€TOHHUX KOHCTPYKII B YKpaiHi €
JIBH B.2.6-160:2010 «Crane3anizo0eTOHHI KOHCTPYKIIi1», KOTPUI Ma€ JIUIIE OCHOBHI MOJOXKEHHS
JI0 PO3PaxXyHKY Ta MPOCeKTyBaHHs. binbir mosHy iHpopMmartito HaBenerno B JICTY-H b EN 1994-1-1
«IIpoekTyBaHHs CTaje3a1i300€TOHHUX KOHCTPYKINH. 3araigbpHi mpaBuia 1 MpaBuja Juis CHOPYI,
koTpuii 3 2018 poky HaOpaB YMHHOCTI, SIK OyZiBEIbHI HOPMHU, 10 TAPMOHI30BaHi 3 HOPMAaTUBHUMU
nokymeHntamu €C. Came BUKOPHCTaHHS IMX OYyJiBEIbHUX HOPM JIa€ MOXJIMBICTH B MOBHIM Mipu
pO3paxoByBaTH 1 TPOEKTYBATH CTale3a1i300€TOHHI KOHCTPYKIi Ta OTpUMYyBaTH JOCBIA B
3a3HaydeHil cepl MPOEKTYBaHHS.

OTXe BUKOPHUCTaHHS CTale3aji300€TOHHUX KOHCTPYKIH € TMEepCIeKTUBHUM HANpsIMOM B
OyIiBHUITBI 1 TOTpeOy€e TONaTKOBUX HAYKOBUX JTOCIIKEHb.

1. JACTY-H b EN 1994-1-1:2010 €Bpokonx 4. IIpoekTyBaHHs cTane3ani300eTOHHUX KOHCTpykuiid. YactuHa 1-1.
3aransHi paBuia i mpasuia 1is cropya. 3mina Ne 1 (EN 1994-1-1:2004, IDT)
2. JBH B.2.6-160:2010 Koncrpykuii OyauHkiB i ciopy. Crane3anizo0eToHHI KOHCTPYKIii. OCHOBHI MOJI0KEHHS.
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Features of design of composite steel and concrete structures
according to DSTU-N B EN 1994-1

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

Kyiv National University of Construction and Architecture

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

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

Ciliid -

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

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

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

1. DSTU-N B EN 1994-1-1:2010 Yevrokod 4. Proektuvannya stalezalizobetonnykh konstruktsiy. Chastyna 1-1.
Zahal'ni pravyla i pravyla dlya sporud. Zmina Ne 1 (EN 1994-1-1:2004, IDT)
2. DBN V.2.6-160:2010 Konstruktsiyi budynkiv i sporud. Stalezalizobetonni konstruktsiyi. Osnovni polozhennya.
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Oco01uBOCTI po3paxyHKy OyAiBeJib i CIOPYA 3 ypaxXyBaHHAM CTaAill 3BeJeHHA

Jleonio Ckopyk, Kano.mexH.HaAyK, OoyeHm Kagedpu 3anizob0emoHHUX ma Kam sSHUX
KOHCMPYKYIU

Kuiscokuii Hayionanvrnui ynigepcumem 0yoisnuymea i apximexmypu (m. Kuig)

Jnsg cyyacHMX CKiIagHUX OyIiBenb 1 CHOPYJH, SK IpaBWIO, KOHCTPYKTHBHAa cCXeMa
00yMOBITIOETHCS HE TUTBKH €KCILTyaTalliiHOT CTAJIIE0, a i CTa/I1€10 3BEACHHS.

VY mporeci 3BelleHHST KOHCTPYKTHBHA CXEeMa CIOPYAH MOXe 0araTopa3oBO 3MIHIOBATHUCS:
BiIOYBA€ThCSA YCTaHOBKAa a00 BHJIAJICHHS €JIEMEHTIB, BBEACHHS a00 3HATTS 30BHINIHIX, abo
BHYTPIIIHIX 3B'SI3KIB; NPUKIAJaHHSA a00 3HATTS HABAaHTAXXCHb;, 3MiHA XapaKTEPUCTUK >KOPCTKOCTI
B)K€ BCTAHOBJICHHUX €JIEMEHTIB (P 3BEJCHHI 3aJ11300€TOHHUX KOHCTPYKIIIH, K IPaBUIIO, ONaTyOKa
3HIMA€ETHhCA 3HAYHO paHille AOCATHEHHS OETOHOM MPOEKTHOI MIIHOCTI i 6eTOH 1o0upae MIIHICTh
ITiJT 9ac 3BEJICHHS).

OcraTtouyHa cxema 30y/10BaHOT KOHCTPYKIIIT am'siTae iCTOPir0 3BEJICHHS 1, IK MPABUIIO, B Hil €
JOKaJbHI 3yCWIIS 1 HaAmpyru, ski Oymm O BiACyTHI, sSKOM KOHCTpyKIis Oyna O 3BeneHa
OJTHOMOMEHTHO. Bce 11e MokHa BpaxyBaTH MPHU PO3PaxXyHKY OyiBellb 3a JOIMOMOTOK CYYaCHHUX
PO3PaxXyHKOBHX KOMILIEKCIB.

Tomy nporiec 3BeeHHs OyaiBii abo criopyiu MpU po3paxyHKy po30UBa€ThCS HA MEBHI CTaIii.
[Ipu ibOoMy Ha KOXKHIM cTajii 3BeACHHS HEOOX1JHO BpaxOBYBaTH YMOBH 3aKpPIiIUJICHHS, )KOPCTKICTh
€JIEMEHTIB, YMOBH 3’ €JTHAHHS €JIEMEHTIB Mk c00010 (IIapHipHO 200 )KOPCTKO), YMOBH ONMPAHHS Ha
IPYHT 1 T.A., IO B KIHIIEBOMY paxyHKy BIUIMBae Ha HampyxeHo-nepopmoanuii cran (HJIC)
OyniBii sik Ha oKpemo B3sitomy etari Tak 1 Ha HIC Oynxisni B mizoMy. J{7s KOKHOI cTaaii 3BeIcHHS
3a/1a€ThCSl HABAHTAXKCHHsI (BJaCHA Bara, MOHTQ)KHI HAaBaHTAKCHHs), SAKI JIIOTh Ha JaHIA CTaii.
Koxuii craaii 3Be1eHHs IOBUHHO BIAIOBIAATH CBOE MOHTAXKHE HABAHTAKECHHS.

ey T — _— — —
—— P —— P ———

Puc. 1. Imoctpauis pexumy «MonTax» npu BusHayenHi HIC mis nia3zeMHoO1 cTiHu.

3a 10moMorow pexuMy «MOHTax» MOXXKHA «3JOBUTH», HAmlpuUKiIal, cuTyarito (puc. 1),
KOJIM JJIs MiJ3eMHO1 cTiHW Hairipma cutyauis 3 HJAC Oyne Ha paHHIX eTanax 3BeACHHS (TUIBKU
IIPU BUTHHI BiJl TUCKY I'PYHTY), HDK NPH HOBHICTIO 3BEeJIEHOMY OyAMHKY, KOJU CTiHa HaIpy’KeHa
HaBaHTAXEHHSIM B1Jl BUIIE PO3TAIIOBAHUX MTOBEPXiB (CTUCHEHHS 3 BUTHHOM).

Takox 3a momomMoror pexuMy «MOHTaX» MOXHA KOPEKTHO 3MOJIEIIOBATH IMOBENIHKY
IPYHTY NpU TPUBAIUX 1 KOPOTKOYACHUX HABAHTA)XKEHHAX Ha Oy[IBIIO, 1O IO3HAYAETHCS Ha
BU3Ha4YeHHI KoedimienTa mocreni Cl.

Tomy pospaxyHOok OyaiBenb 1 CHOpya 3a JOTMOMOTOK pexuMy «MoOHTax» € OuIbIn
HAOJIMKEHUM JI0 peajbHOT poOOTH KOHCTPYKLIH.

1. JABH B.2.2-41:2019 Bucorsi Oyaismi. OcHoBHI monoxkeHHs. Minperion Ykpaiaun, 2019.-53c.
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Features of calculation of buildings and constructions taking into account stages of
construction

L. Skoruk , candidate of technical sciences, Associate Professor, Department of Reinforced
Concrete and Stone Structures

Kyiv National University of Construction and Architecture

For modern complex buildings and structures, as a rule, the structural scheme is determined
not only by the operational stage, but also the stage of construction.

In the course of construction the constructive scheme of a construction can change many
times: there is an installation or removal of elements; introduction or removal of external or internal
connections; application or removal of loads; change of characteristics of rigidity of already
established elements (at erection of reinforced concrete designs, as a rule, the timbering is removed
much earlier than achievement by concrete of design durability and concrete selects durability
during erection).

The final scheme of the constructed structure remembers the history of construction and, as a
rule, it has local efforts and stresses which would be absent if the design would be erected
simultaneously. All this can be taken into account when calculating the buildings with the help of
modern calculation systems.

Therefore, the process of erection of a building or structure in the calculation is divided into
certain stages. At each stage of construction it is necessary to take into account the conditions of
fastening, rigidity of elements, conditions of connection of elements among themselves (hinged or
rigid), conditions of leaning on the ground, etc. that ultimately affects the stress-strain state (SSS)
buildings both at the individual stage and on the VAT of the building as a whole. For each stage of
construction the load (own weight, assembly loadings) operating at this stage is set. Each stage of
construction must correspond to its montage load.

N oy ey B — N
— C— C—

Fig. 1. llustration of the "Montage" mode when determining the SSS for the underground wall.

*l

With the help of the "Montage™ mode you can "catch™, for example, a situation (Fig. 1), when
for the underground wall the worst situation with VAT will be in the early stages of construction
(only when bending from soil pressure) than in a fully erected house when the wall strained by the
load from the upper floors (compression with bending).

Also with the help of the "Montage™ mode it is possible to correctly model the behavior of the
soil under long-term and short-term loads on the building, which affects the determination of the
coefficient of the bed C1.

Therefore, the calculation of buildings and structures using the "Montage” mode is closer to
the actual operation of structures

1. DBN V.2.2-41:2019 Vysotni budivli. Osnovni polozhennia. Minrehion Ukrainy, 2019.-53s.
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Buxopucranust My¢pToBuX 3’€IHAHBb 30ipHO-MOHOJIITHMX CTOBMYACTHX (PYHIaMEHTIB

I'ennaoin Toukauees, 0oxkmop mexw. Hayk, npogecop Kagheopu 6yOigebHUX MeEeXHONO2Il
Kamepuna Hocau, acnipanm

Kuiscokuii nayionanehuil ynigepcumem 0yoienuymaa i apximexmypu (m. Kuis)

KapkacHi ciopyau, BiiBeJicHI B IOJANBIIOMY il TOTpeOr BUPOOHUIITBA, aIMiHICTPATUBHUX
OyZiBenb, TOProBUX IUIOII, a00 JIOTICTUKH XapaKTepU3YIOThCsl BUCOKUMH TeMIIaMH OyIBHUIITBA Ta
BUMOTaMH JI0 BIJTHOCHO HEBEJIMKOI co0iBapTOCTi Oy1iBenbHUX poOiT. OnHUM 3 (PAKTOPIB, 110 MOXKE
YCKJIQIHUTU X114 OymIBHUIITBA € HAsSBHICTh I'PYHTOBHX BOJI B KOTJIOBaHI, /€ MependadaeTbes
BIAIITYBaHHS (yHIaMeHTy. SIKimo OyJIBHULITBO IUIAHY€ThCS Ha AUISHKAX, CXWIBHHX [0
MIITOTUICHHS] TPYHTOBUMHU BOJAaMH, TO HEOOXITHO mepemdavar 3amoOiKHI 3aX0u SK Ha TMepioj
OyaiBenpHUX pOOIT, Tak 1 Ha mepioa ekcrulyaraumii cmopyad. [1]. 3axoau, mo cmopsMoBaHiI Ha
BIJIBEJIEHHSI BOJM B KOTJOBaHI — TOJIKOMUIBTPOBI YCTaHOBKM, HACOCH, IIIYHTOBA OrOpOXKa €
BapTICHUMM, TOX JUI TAKMX YMOB HaiOui1blIe MiAXOAUTh 30ipHA Ta 30ipHO-MOHOJITHA TEXHOJIOT1s
BJIAIITYBaHHS (yH/IaMEHTIB, 1110 3HAYHO CKOPOTUTH TPUBAIICTh OYIIBHULITBA Ta 3MEHIIUTh BUTPATH
TPYAOMICTKOCTI.

MoHTaX IUIMTHOI YacTUHU (YHAAMEHTY BUKOHYETHCA 3 IOINEPEIHBOI T1IPOI30JIALIEI0
HIDKHBOI Ta OOKOBUX MOBEPXOHb, HAPUKJIA] BKPUTTAM OITYMHUMM MacTHKaMu. BepxHs yacTuHa
IUTUTH MOKe OyTH BKpUTA T1IPOI30JSIIIHHIUMY PO3UMHAMU TUITy «IIE€HETPOH». MOHOJITHA YacTUHA
(yHIAMEHTy BIIALITOBYETHCS MICJIA MOHTaXYy KOJOHHU. JJIi LbOrO A0 MOHTaXy KOJOHH CIiJ
BCTAHOBUTH KOHIYKTOp-onanyOKy (po3poOka aBTOpIB), SIKUM (PYHKLIOHAJIBHO MPU3HAYAETHCS SIK
JUIE TUMYacOBOT'O 3aKpIiIUICHHS 1 BUBIPEHHS KOJOHH, TakK 1 A OETOHYBAaHHS BEPXHbOI YAaCTHHU
¢ynnamenty. Konaykrop-omanyOka IIUJIBHO HpUJISira€ 0 IOBEPXHI IUIMTH 1 JIO3BOJISIE 3a
JIONIOMOTOK0 MIPOCTOr0 HAacoCy BiikauyBaTu Boay. lIpoOneMHe NUTAaHHS MOJSATae y TOMY, LIO
HasBHICTh KOHAYKTOpa-omnaiayOku 1 moTpeba y moeaHaHHI cTraporo (30ipHOro) 0€ToHy 3 HOBUM
YCKJIQJHIOE 3’€IHAHHS apMaTypHUX CTPUKHIB MOHOJITHOI Ta 30ipHOI 4YacCTMHU (YHIAMEHTY.
3actocyBaHHAd MYy(TOBHUX 3’€JlHaHb BHpIlIye If0 npobnemy. Ilpu BuroroBneHHi 30i1pHOI IUIUTH
(GyHIaMEeHTy Ha 3aBOJIi B OMalIyOKy 3aKJaJaloThCsl BEPTHKANbHI My(pTH. ApMYBaHHS BEpXHbBOT
YaCcTMHU (PYHJAMEHTY BUKOHYIOTh CTPIJKHSAMHU 3 Pi3b00I0 Ha KIHLAX HUIAXOM 3aKpy4yyBaHHS iX Y
Mydrtu. Ilicns MoHTaxy 30ipHMX eleMeHTIB (DyHIAMEHTHOI IJIMTH Ta CTaKaHy Ta BIAIITYBaHHS
3'eTHaHb HEOOX1THO BUKOHATU 00OB'I3KOBY T'1JIPOI30JISIIII0 €I€MEHTIB.

BucHosku:

1. 3amporoHoBaHa TEXHOJIOT1S BJIAIUTYBaHHs CTOBOYAcTUX (PyHIaMEHTIB 301pHO-MOHOIITHOI
KOHCTPYKIIi 31 3’€IHaHHAM apMaTypHOro Kapkacy BerHLo'l’ MOHOJIITHOI YaCTUHH 3 pi3L6OBI/IMI/I
My(TaMu HIKHBOI 301pHOT YaCTHHU MICHS 11 MOHTaXXy 1 MOHTa)XXy KOJIOHH B KOHIYKTOPi-OmaiyOii,
sKa JJO3BOJISIE HE TIABKM THMYAacOBO TPUMATH 1 BUBIPATU KOJIOHY, aje M BiAKauyyBaTH BOIY 1
OETOHYBaTH B ONMATyOIll BEPXHIO YaCTHHY (PYHIAMEHTY.

2. TexHOMOTiISI MOHTaXy KOHCTPYKIIIM KapKacHOi OyIiBJli 3 BHKOPHUCTAHHSIM CTOBOYACTHX
30ipHO-MOHOMITHUX (PYHIAMEHTIB MPUCKOPIOE TIPOIEC 3BEICHHS 3aBISKHA TOMY, IO OCTOHYBaHHS
BEPXHbOI YaCTUHU (PYHJIAMEHTY BMKOHYETHCS MICIsI MOHTAXy KOJIOH, PUTENIB 1 IJIUT NEPEKPUTTS.
IIpu 1pOoMy OeToOHyBaHHS 1 BUTpPUMKa O€TOHY HE 3HAXOIATHCS HA KPUTUYHOMY IIIAXY.
3MEHIIYIOThCSI BUTPATH Mpalli Ta BapTICTh BIAILTYBAaHHS KapKacy OyJiBelb B yMOBaX MPUCYTHOCTI
BOJIM B KOTJIOBaHAaX, JIe Mepe10avacThbCcs BIAIITYBAaHHS (pyHIaMEHTY.

3. Y 30ipHOMY BapiaHTi 32 BUKOPUCTAHHS My(T 3a0e3MeuyeThcs OUTbI TOUHE [2] 3’€THaHHS
eJIeMeHTIB (pyH/IaMEHTY, a TAKOX ITO/IaJIbIIa 1301l METAIEBUX JIeTajeil OETOHHUM PO3YHHOM, 10
BIJINIOB1/1a€ KOHCTPYKTUBHUM BUMOTaM (yHIaMEHTIB.

1. IBH B.1.1 -25-2009. [mxeHepHUA 3aXHCT TEPUTOPIH Ta CIIOPY. BiX MiATOIDICHHS Ta 3aTOIUICHHS. [UMHHUI Bix
2011-01-01] Bunan. Odiu. Kuis : Minperiondyn Yxkpaiuu, 2010. 52 c.

2. Jlencpka JI.A. CrtukoBi 3'emHaHHA 30ipHMX KOHCTPYKIiN Ta mpoOieMu 3abe3MeYeHHs TOYHOCTI MOHTAXKY
KapkaciB OyauHKiB. MicToOyyBaHHs Ta TepuTopiaibHe anyBanus. 2015. - Bun. 55. - C. 249-257.
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Couplings in precast and precast-monolitic column foundations

G. Tonkacheev Doctor of Technical Science, professor of the Department of Building
technologies
K. Nosach, Postgraduate

Kyiv National University of Construction and Architecture

Frame structures set aside for the needs of production, office buildings, retail space, or
logistics are characterized by high construction rates and requirements for relatively low cost of
construction work. One of the factors that can complicate the course of construction is the presence
of groundwater in the pit, where the foundation is planned. If construction is planned in areas prone
to groundwater flooding, it is necessary to provide precautions for both the construction period and
the period of operation of the structure. [1]. Measures aimed at drainage of water in the pit - needle
filters, pumps, sheet piling are expensive, so for such conditions are best suited prefabricated and
prefabricated monolithic technology of foundations, which will significantly reduce the duration of
construction and reduce labor costs.

Installation of the slab part of the foundation is performed with preliminary waterproofing of
the lower and side surfaces, such as bituminous mastic. The upper part of the plate can be covered
with waterproofing solutions such as "penetron”. The monolithic part of the foundation is arranged
after the installation of the column. To do this, before the installation of the column should be
installed conductor-formwork (developed by the authors), which is functionally intended for
temporary fixing and calibration of the column, and for concreting the upper part of the foundation.
The conductor-formwork closely adjoins a plate surface and allows to pump out water by means of
the simple pump. The problem is that the presence of a formwork conductor and the need to
combine the precast concrete with the new complicates the connection of the reinforcing bars of the
monolithic and prefabricated part of the foundation. The use of couplings solves this problem. In
the production of prefabricated foundation at the factory in the formwork laid vertical couplings.
Reinforcement of the upper part of the foundation is performed by threaded rods at the ends by
screwing them into couplings. After installation of prefabricated elements of a base plate and a glass
and the device of connections it is necessary to execute obligatory waterproofing of elements.

Conclusions:

1. The proposed technology of installation of columnar foundations of prefabricated monolithic
structure with the connection of the reinforcing frame of the upper monolithic part with threaded
couplings of the lower prefabricated part after its installation and installation of the column in the
conductor-formwork, which allows not only to temporarily hold and to pump out water and to
concrete in a timbering the top part of the base.

2. The technology of installation of frame building structures using columnar prefabricated
monolithic foundations accelerates the erection process due to the fact that the concreting of the
upper part of the foundation is performed after the installation of columns, crossbars and slabs. At
the same time concreting and endurance of concrete are not on a critical way. Labor costs and the
cost of installing the frame of buildings in the presence of water in the pits, where the installation of
the foundation.

3. In the prefabricated version of foundation, the use of couplings provides a more accurate [2]
connection of the foundation elements, as well as further insulation of metal parts with concrete
mortar, which meets the design requirements of the foundations.

1. Inzhenernyj zakhyst terytorij ta sporud vid pidtoplennia ta zatoplennia. [Engineering protection of territories
and buildings from flooding and inundation] - 2010 - DBN V.1.1-25-2009 from 01 Jan 2011. Minrehionbud
Ukrainy. Kyiv. Ukraine.

2. Lepska L. A. Stykovi z'iednannia zbirnykh konstruktsij ta problemy zabezpechennia tochnosti montazhu
karkasiv budynkiv — 2015 - Mistobuduvannia ta terytorial'ne planuvannia, Issue 55, pp. 249-257.
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Cy4acHi eHeproeeKTHBHI TeXHOJIOTII B OyAiBHMITBI

Isan Hazapenko.>?, ooxm. mexn. nayx, npogp., 3a6. kagpedpu mawun i 061a0HaHHS
MexHoI02IYHUX npoyecis, npezudenm ABY
. 2 .
lean Ilepezineusv”., k.m.H., OUpeKmop Haykoso-mexHiuHoeo yeumpy ABY
B. Cmocapg, BUKIAOAY IHCMUMYmy [HHOBAYIUHOI Oc8imu

'Kuiscoruii nayionanvuuti ynisepcumem 6yoisnuymea ma apximexmypu,
2Axademis 6yodisnuymea Ykpainu
3IHO Kuiscvbkozo nayionanvno2o ymisepcumeny OyO0igHuymea ma apximexmypu

ByniBenpHa ramy3p mnoTpedye IIMPOKOTO 3aCTOCYBaHHS CYYaCHHUX EHEProe(eKTHBHUX,
IHHOBAIIMHUX TEXHOJIOTIH, SKI MarOTh BUPINIYBaTH MPOOJEMH €KOHOMII €HEepPreTMYHUX BUTPAT,
3a0e3rmeueHHs] SKOCTI BHUKOHYBAaHHUX poOiT, e(eKTHBHOrO, eHeproomanHoro mporecy. Cepen
HaNO1IbII €PEKTUBHUX TEXHOJIOTiM cydacHOCTI € iH(opMaliiiHe MoaentoBanHs Oyxaiens (BIM) ,
IO sIBJIsL€ c00010 LM(pOBe MpeacTaBieHHs (Pi3UYHUX 1 PYHKIIOHATBHUX XapaKTEPUCTUK 00'€KTa.
BIM - 1me 3arampHmii pecypc 3HaHb IS OTpUMaHHS 1H(OpMAIi MPO 00'€KT, SAKUH CIyKHUTh
Ha/I1HOI0 OCHOBOIO ISl PUKHHATTS PilIeHb MPOTSITOM HOTO KUTTEBOTO IUKITY, SKHH BU3HAYAETHCS
K ICHYIOUMHA BiJI camMoi paHHBOI KOHIENIi J0 3HeceHHs. OcHOBHMMM mpuHiMnamu BIM e:
KOpPHUCHOCTI iH(popMallii B MOJENi; MPOIECHOI €IHOCTI; MOBHOTH YKHUTTEBOTO ITUKIY AaKTHBIB;
ICTOPUYHOCTI;  CMAJAKyBaHHS; CHCTEMHOCTI; 1H(OpMaIiiHOI  JOCTYIHOCTI;  JOCTaTHOCTI,
iHTEerpoBaHOCTI; iH(pOpManiliHOi Oe3nekn Ta BIAKPUTOCTI AaHuX. [H(popMmariiiHe MoOJeNOBaHHS
OyiBeJIb pO3IIUPIOE 1€ 32 MeXi 3D, 301UIbIIYI0YM TPH OCHOBHHMX IPOCTOPOBUX BUMIpH (IIUPHUHY,
BHCOTY 1 TIMOWHY) 32 JIOMIOMOT'OI0 TIOKa3HUKA Yacy B SIKOCTI 4eTBepToro BuMipy (4D) i BapTicTio B
sikocTi m'storo (5D). 30BciM HEaBHO CTAIO MPAKTUKYBATUCS BBEJEHHS IIOCTOTO BUMIpY (6D), mo
MIPEJICTABIISIE ACTIEKTH HABKOJIMIIHBOTO CEPEIOBHINA 1 CTIKOCTI Oy/IiBelb, 1 ChOMOTO BUMipIOBaHHS
(7D) nnsa ynpaiiHHS 00'€KTaMH MPOTITOM BCHOTO TEPMIHY CIIYKOH, X04a ICHYIOTh CyINepeuInuBi
BU3HAYEHHS Uil IMX BuMiptoBanb. Tomy BIM oxoriroe Oinbine, HiXXK MpocTo reomerpiro. Bin
BpaxoBye 0e3miu (paKkTopiB, HAMPHUKIIA, IPOCTOPOBI BiTHOCHHH, aHAJI3 BHCBITICHHS, reorpadidHy
iH(popMalli0, a TaKOX KUIBKICTh 1 BIACTUBOCTI KOMIIOHEHTIB OyHiBIi (HampuwKiIad, JeTali
BUPOOHUKIB).

BnpoBamxkenns indopmariitnoro moaentoBanHs( BIM) Hamae TexHIUHYy MOXIHBICTH ISt
Mepexoy B TPaaUIIMHOTO MPOIECy yNpaBiiHHA iH(OpMalliero (YMOBHO, Bij MarnepoBUX HOCIIB
iH(popmarii 10 mudpoBUX) JO CTBOPEHHS EKCIEPTHUX MOJAENEH 3aaiisd ONTHMI3allli KIH0YOBHX
MMOKa3HUKIB Ha BCIX €Tarax *HUTTEBOTO MUKIY 00’€KTiB. 3acTocyBaHHs LM(POBOI TpaHCcPopMarllii B
OyaiBEeTbHOMY CEKTOpi XapaKTepPH3YeThCs IMOETHAHHAM MEpeOBUX TEXHOJOTIH Ta iHTerpariero
¢13uuHMX Ta UUQPOBUX CUCTEM Ta iX BIUIMBOM Ha HaBKOJUIIHE CEpeloBUIIE Ta
eHeproegekTiBHicTh. POPMYIOUN Ta BUKOPUCTOBYIOUHM €/1MHE iH(opMaliiiiHe mojie, BIPOBaIKY0UN
Ta 3aCTOCOBYIOYM TexHojorii Ta miaxoan BIM, OyAiBHUITBO OTpUMYE MOXIIMBICTH CYTTEBO
3MEHIIUTH HETaTUBHI HACIHIJKW, BUKJIMKAHI 3arajbHOI0 (parMeHTamicro ramysi. CraHgapTuzaiis,
yHi(iKOBaHICTh LU(POBUX MPOLECIB Ta €1uHI "mpaBuia rpu" JO3BOJATH OUIbIIE Ta SIKICHIIIE
IHTErpyBaTH Malli Ta CepeiHi MiAMPUEMCTBA JI0 IHBECTHUIIITHO-0Y1IBeTbHOT MisTBHOCTI, MTOKPAIIUTH
iXHI0O e(eKTHBHICTb Ta B3a€MOJIII0 3 3aMOBHHMKOM 3a PaxyHOK CTBOPEHHsI OUIBII MPO30pPHX Ta
y3TO/DKEHUX MEXaHi3MiB OOMiHY, a TaKOX KepyBaHHs iH(POPMALI€0 MPOTATOM KUTTEBOTO LUKITY
o0'ekTa.

1.Hazapenko 1.I. CuHepretnuHuii edekT KJIaCTEpHUX IOMOOYHIBHHX CTpAaTeriii KUTJIOBOIO CEKTOpy YKpaiHH B
YMOBax COIiaJbHO-€KOHOMIYHUX TpaHchopmaiii. MiKHapoaHa HayKoBo-TexHiYyHa KoHpepeHuis «EdexTuBHI
TEXHOJIOTIT B OyNiBHUNTBI». Te3n momnosinei. — JIHimponeTpoBerk, 2016.

2. Hazapenko LI, CaBumpkuii M.B., Kiproxin M.M, Ileperinens LI, Kyniuenko H.€Bponeiicbkuii mocBin
BrpoBapkeHHss BIM TexHonoriit B OynmiBenmbHil ramys3i. Hoei Texmomorii B OymiBaunTi. BIM. JlocBim Ta
MIEPCIICKTUBH BIPOBADKEHHS OyniBenpbHUX iH(pOpMariitaux TexHonorid. Tesu momosineit. — I HAIBB,Kuis. 9-10
rpyass 2019 p.
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Modern energy efficient technologies in construction

I. Nazarenko®? doctor. tech. Sciences, Prof., Head Department of Machinery and Equipment
of Technological Processes, President of ABU

I. Pereginets?, Ph.D., Director of the ABU Scientific and Technical Center

V. Sliusar 3, lecturer at the Institute of Innovative Education

!Kyiv National University of Construction and Architecture
?Academy of Civil Engineering of Ukraine
3Institute of Innovative Education of Kyiv National University of Construction and Architecture

The construction industry requires the widespread use of modern energy-efficient, innovative
technologies that should solve the problems of saving energy costs, ensuring the quality of work
performed, efficient, energy-saving process.

Among the most effective technologies of today is information modeling of buildings (BIM),
which is a digital representation of the physical and functional characteristics of the object. BIM is a
general knowledge resource for obtaining information about an object, which serves as a reliable
basis for decision-making during its life cycle, which is defined as existing from the earliest concept
to demolition.

The basic principles of BIM : correctness of information in the model; electronic; process
unit; in the life cycle of actives; history; recession; systematic; information availability; sufficiency;
integration; Information security and indications given. Building information modeling extends this
beyond 3D, increasing the three main spatial dimensions (width, height and depth) with a time
indicator as the fourth dimension (4D) and a value as the fifth (5D). More recently, the sixth
dimension (6D), which represents the environmental and sustainability aspects of buildings, and the
seventh dimension (7D) have been practiced to manage facilities throughout their life, although
there are conflicting definitions for these measurements.

Therefore, BIM covers more than just geometry. It takes into account many factors, such as
spatial relationships, lighting analysis, geographic information, and the number and properties of
building components (such as manufacturer details).

The introduction of information modeling (ITM) provides a technical opportunity to move
from the traditional process of information management (from paper to digital) to the creation of
expert models to optimize key indicators at all stages of the life cycle of objects.

The application of digital transformation in the construction sector is characterized by a
combination of advanced technologies and the integration of physical and digital systems and their
impact on the environment and energy efficiency. he use of BIM will increase the transparency of
investment and construction processes, predictability of results, create certain conditions for
rethinking, improving or simplifying existing regulatory procedures, regulatory framework, the
nature of contractual agreements.

By forming and using a single information field, implementing and applying BIM
technologies and approaches, construction has the opportunity to significantly reduce the negative
effects caused by the general fragmentation of the industry.

Standardization, unification of digital processes and uniform "rules of the game" will allow
more and better integration of small and medium enterprises into investment and construction
activities, improve their efficiency and interaction with the customer by creating more transparent
and coherent exchange mechanisms and information management throughout the life cycle object.

1.Nazarenko I.1. Synerhetychnyi efekt klasternykh domobudivnykh stratehii zhytlovoho sektoru Ukrainy v umovakh
sotsialno-ekonomichnykh transformatsii. Mizhnarodna naukovo-tekhnichna konferentsiia «Efektyvni tekhnolohii v
budivnytstvi». Tezy dopovidei. — Dnipropetrovsk, 2016.

2. Nazarenko LI, Savytskyi M.V., Kiriukhin M.M, Perehinets I.I.,  Kulichenko N.levropeiskyi dosvid
vprovadzhennia VIM tekhnolohii v budivelnii haluzi. Novi tekhnolohii v budivnytstvi. BIM. Dosvid ta perspektyvy
vprovadzhennia budivelnykh informatsiinykh tekhnolohii. Tezy dopovidei. — DP NDIBV,Kyiv. 9-10 hrudnia 2019
r.
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ITepcnexkTuBH cyyacHoi popTudikamii
Cepeint Muxanvuenxo, 0oyenm, OupeKmop,

Hayxoo-0ocnionuti incmumym icmopii ma meopii apximexmypu, mMicmo0y0y8ants ma OU3ainy,
Kuiscvroeo nayionanbhoeo ynieepcumemy 0y0isHUYmMea i apximexmypu.

@opTtudikanis SK rajiry3b BIHCbKOBO-IHKEHEPHOIO MHCTENUTBa IepeOyBae Ha MOpo3l
PEBOJIIOLIIHOTO NPOPUBY, MIaJEKTHUYHOIO IEPEeXOoJy B IMPUHIMIIOBO HOBY SKICTh. PeanbHa
HasIBHICTh LITYYHOTI'O 1HTEJIEKTY, CydacHl 3ac00M KOMIT I0OTEPHOro oOjaJHaHHS Ta 3ac00iB 3B’S3KY
JIO3BOJISIIOTh BUBECTH JIOJICBKI PECYpPCH 3 30HU O€3MOCEepPEAHbOr0 OOWOBOTO 3ITKHEHHS, 1 TaKUM
yiuHOM (hopTU(IKaIlis 3ITKHETHCSA 13 3SHUKHEHHSIM HEO0X1/ITHOCTI 3aXUCTY JIIOJMHU Ha 10JIi 6010.

HaykoBo-TexHIYHMI Tporpec MpOINOHYE HOBITHI BOTHEBI CHCTEMH 3 aBTOMaTHYHHUM
PO3IMi3HABAHHSM 1 3HUIIEHHSM IIUICH.

Takum unHOM mosiboBa QopTudikaiis HaOyae NPUHIMIIOBO HOBUX PHUC, HE IOB’S3aHUX 3
3aXMCTOM JIIOAMHM B1J 3ac00iB ypakeHHs. [IpMHIMIOBO HOBUMM CTaHyTh TaKOX INPUHOMHU
MacKyBaHHs, 3a0€3[eUeHHs pPanTOBOCTI 1 €(EeKTUBHOCTI 3aCTOCYBaHHA OOOPOHHHMX CHOPY[ 1
MIpUJIAJIIB.

Ha daci cTBOpeHHs Cy4yacHOI NPUHIMIIOBO HOBHMX CIELIaIbHUX CIIOpPYJ, YCTAaTKOBAHUX
Cy4acHUMH pOOOTH30BAHMMH BOTHEBUMH CHCTEMaMH, IO Bpa3jduBl 10 (yracHoro Ta
KyMYJSITUBHOTO BOPOXKOTO BOTHIO, ajle He MocialiroTs OO0OpOHY, 1 3a0e3neuyBaTUMYTh
OesrepebiiiHe HopMallbHEe (QYHKIIIOHYBaHHS 00HOBOTO 3HAPAIS 0€3 y4acTi JIOWHU. [nes momsrae
B TOMY, 1110 Ii CIIOPYAX MAaTUMYTh JyK€ KOPOTKUH TEPMiH )KUTTS B CydyacHOMY 0010. AJie JIF0UHA,
BOiH — )XUTHME!

TakuMm 4MHOM ICHY€ HarajbHa norpeda B HAYKOBUX BHUIIYKYBAaHHSX, 110 JaJyTh MOJAJIbIIMN
pOo3BHUTOK QopTrdikalii siK rary3i BIiChKOBO-1HKEHEPHOTO MUCTEIITBA.

[linkoM BipOrigHO, IO Taki BHUINYKYBaHHS 3IHCHIOIOTHCS, aje He adilyroThcs, SK Ie 1
TOIAWTHCS Y BIMCBKOBHX CIpaBaxX, OJHAK BHKIWKAa€ TPHUBOTY CTaH chpaB B YKpaiHi. Mmu
nepeOyBaeMO B CTaHI TEPMAHEHTHOTO 30pOMHOrO KOH(IIIKTY 3 BOpPOroM, o HabaraTo
YUCJIEHHIIIMM 3a Hac, MPaKTUYHO 3aXUIIalo4M CBIT BIJl arpecHBHHUX IMIIEPCHKUX 3a31XaHb
MYTIHCBKOTO PEKUMY.

e Buxsuk a0 nmodyaoBu 060poHH, (oprudikamii B ToMmy yucii. TUM yacoM MaeMoO TUIBKU
TYYHUI KOH(]Y3 3 «CTiHOIO S1IeHIoKay.

1. AKTyasibHI TUTAaHHS HOPMATHBHO MNPABOBOTrO 3a0€3ICUCHHS TEXHIYHOTO PEryIIOBaHHSA y OyHiBEIbHIN Tamysi
chepu HamioHanbHOi Oe3znekn Ykpainn / Muxanbuenko C.B, T'eryn I'.B, ToOuu B.B. / CywacHi npoOnemu
TEXHIYHOTO peryioBaHHs B OyniBHuLTBI, BUm. Ne 2. — K.: KHYBA,2016 . - C. 48+52

2. Muxanpuenko C.B. Knacrepuuii minxix a0 ¢opMyBaHHS Ta pPO3BHTOK CIIELIaJIbHUX TEPHUTOPIH 3a yMOB
HaONM)KEHHS JI0 CTaHIApTIB pO3BHHEHUX KpaiH / MicToOyyBaHHS Ta TepUTOpialibHE TulaHyBaHHs, Bum. Ne 59. — K.
KHYBA? 2016 - C. 336+340.

1. Muxanpuenko C.B. @opMyBaHHS CHCTEMH CTPATETidHOTO IUIAHYBaHHS 1 MPOTHO3YBaHHA y OyIiBENbHIN Tamysi
cepu HamioHaNbHOI Oe3mekn Ykpainu / MictoOyayBaHHS Ta TepuTopianbHe IUTaHyBaHHS, Bum. Ne 61. — K.
KHVYBA, 2016. - C. 78+83.
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Prospects for Modern Fortification
S. Mykhalchenko Associate Professor, Director,

Research Institute of History and Theory architecture, urban planning and design,
Kyiv National University of Construction and Architecture

Fortification as a branch of military engineering art is on the verge of a revolutionary
breakthrough, a dialectical transition into the fundamentally new quality. The presence of artificial
intelligence, modern means of computer equipment and communications enables withdrawing
human resources from the area of direct military clashes; and thus, fortification will face the
disappearance of the need to protect a person on the battlefield.

Scientific and technological progress offers the latest firing systems with automatic target
recognition and destruction.

Thus, field fortification will enter fundamentally new features that are not related to a person's
protection from the means of destruction. Techniques for camouflage practising, ensuring
suddenness and the effectiveness of the use of defensive structures and devices will also become
fundamentally new.

Techniques for disguising, ensuring suddenness and the effectiveness of the use of defensive
structures and devices will also become fundamentally new

It is urgently needed to create modern fundamentally new specialized structures equipped
with modern robotized firing systems, vulnerable to high-explosive and cumulative enemy fire, but
not weakening the defense.

These structures will ensure the uninterrupted normal functioning of a combat weapon
without human participation. The key issue is that these structures will have a very short lifespan in
modern combat.

But a man, a warrior - will live!

Thus, there is an urgent need for scientific research, which will give the further development
of fortification as a field of military engineering.

Such investigations are likely to be carried out, but they are not advertised, as it should be in
military affairs, but the state of affairs in Ukraine is alarming. We are in a state of permanent armed
conflict with an enemy much more numerous than us, practically protecting the world from the
aggressive imperial encroachments of the Putin regime.

It is a challenge for us: how to build defence, including fortifications. Meanwhile, there is
only a loud embarrassment with so-called "Yatseniuk's wall".

1. Actual issues of normative legal support of technical regulation in the construction industry of the sphere of
national security of Ukraine / Mikhalchenko SV, Getun GV, Tovbych VV / Modern problems of technical
regulation in construction, vol. Ne 2. - K .: KHYBA, 2016. - P. 48 + 52

2. Mikhalchenko SV Cluster approach to the formation and development of special territories in terms of
approximation to the standards of developed countries / Urban Planning and Spatial Planning, vol. Ne 59. - K .
KHYBA? 2016 - P. 336 + 340.

3. Mikhalchenko SV Formation of the system of strategic planning and forecasting in the construction industry of
the sphere of national security of Ukraine / Urban planning and territorial planning, vol. Ne 61. - K .: KHVBA, 2016.
-C.78 + 83.
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I'eone3anynmnii KOHTPOJIb CTIHKOCTI pyHAaMeHTIB Npu OyIiBHMUTBI Ta eKCIIyaTalii BUCOTHOI
OyniBJi 32 iHAMBIAYaJLHUM NPOEKTOM

Cezen  3opin®, nosionuii  inoicenep, 1a6opamopii  IHCMPYMEHMATLHUX — OOCTIONCEHD
degopmayiii 6ydigens i cnopyo,

. 1.2 . . . .
Muxaiino Axosenko <, acnipanm, xaghedpu ceoingpopmamuru i hpomozpammempii, 3a6ioysau
1abopamopii, IHcmpymMeHmanibHux 00CiodiceHb deghopmayiii bydigenv i cnopyo,

'Kuiscorozo nayionansnozo VHigepcumemy 0yOienuymea i apximexmypu;
2Mleporcasrnozo Hayxoso-docnionoco incmumymy 6yoisenvrux koncmpykyiu (m. Kuig).

Merta nocnipkeHHS — BH3HAYEHHS PO3BUTKY aAedopmariiii ¢yHIamMeHTiB Ta 30H ix
MOIIMPEHHSIT B Yaci 3a JOMOMOTOK 1HXEHEPHO-T€OJC3UYHUX METOMIB MpHU OyAIBHUIITBI Ta
eKCIuTyaTalii BUCOTHOI OyaiBii. TpuBamicTs reoje3udnoro Mouitopuary 10 pokiB (72 nukim).
AKTyaJIbHICTh MOHITOPHUHTY 3 METOK 3alo0iraHHs aBapiiHUX CHTYyallii Ta CHUTHaTI3yBaHHS
HebOe3nekn 3a3HaueHa y myoOsikauii [1]. 3a mepion moniTopuHTry Oyio 3adikcoBaHo n0 178 mMm
OCiTaHb, 30CEPEKEHI HAa MapKax, 110 BCTAHOBJICHI Ha «sIpl JKOPCTKOCTI» - JdTOoBa rpyrna Ta
CXO/I0Bi KIITKH. Jlani Bijt sj1pa JKOPCTKOCTI 10 nepudepii BETMINHA OCIIaHb 3MEHIIYE€ThCSL.
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Puc.1 — I'padik po3BUTKY B 4aci BeITHIHH Puc. 2— I'padix mBuaxocreit Puc. 3 — Cepennst mBHIKICTD
BEPTUKAJIBHMX NEPEMIIIEHb 0CaTOBUX BEPTUKAIBHUX NEpEeMillleHb nedopmyBaHHs TpaHei koioH (10-

Mapok npotsiroMm 10 pokiB 0Ca/I0BUX Mapok mpotsirom 10 pokiB 6/Mic) MPOTSIToM poKy BUMipIOBaHb

Puc. 5. - I'pacik po3BuTKY B 4aci
BEJIMYMH HEPIBHOMIPHOCTI ocimanb (AS)
nap ocaJloBUX MapoK

Jlis yciX KOJIOH, Ha SKHX TPOBOJWINCH CIOCTEPEIKEHHS 3a JePOpPMYBAHHSIM TpaHEH,
cepenHsl IIBUAKICTh JedopMyBaHHS € OIU3BKOIO 10 HMIBUAKOCTI aeopMyBaHHs, sKa
00yMOBIIOETECS  TeOopMaIlisiIMA yCaZIKHd Ta TOB3YYOCTI Juis OeToHy paHoro Biky (puc. 1,2).
3aranpHa MBUAKICTH JAedopMyBaHHA yciX TpaHell mocTiiiHO 3MeHmyetbes (puc. 3). 3a
pe3ynbTataMu OCiJlaHbh MOOYJAO0BaHO OPTOTOHAIBHY MOJEIb, /1€ 3a3HAYCHO BEJIMYMHU Ta OCHOBHE
Mmicue nedopmariii. 3a pesynbratamMu MoOyJoBaHO rpadik PO3BUTKY BEITWYHH HEPIBHOMIPHOCTI
OCiJIaHb MIX CYCITHIMU MapKamH, IO BCTAHOBJICHI HA «SAPi )KOPCTKOCTI». OTpUMaHi pe3yJibTaTh
CBiUaTh, IO OCTATOYHA cTadii3alis Aegopmariiii (ocamok) OyaiBIIi e HE JOCATHYTA.

Puc.4. — OproronanpHa MOAETh BEPTHKAIBHIX TIEPEMIilICHb
¢yHIamMeHTiB BUCOTHOI OyniBii 32 10 poKkiB MOHITOPHHTY

1.Ishchenko, Y., Slyusarenko, Y., Melashenko, Y., Yakovenko, M., & Ben 1. (2020). ['eoTexHiYHHII MOHITOPHUHT B
YMOBaX YIIiIEHEHOT MicbKoi 3a0ynoBu. Hayka Ta 6yaiBaumTBO, 25(3), 13-25.
https://doi.org/10.33644/scienceandconstruction.v25i3.2
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Geodetic control of the stability of the foundations during the construction and operation of a
high-rise building on an individual project

E. Zorin?, senior engineer, laboratory, instrumental research of deformations of buildings
and structures,

M. Yakovenko?, PhD student, Department of Geoinformatics and Photogrammetry, head of the
laboratory, instrumental research of deformations of buildings and structures,

!Kyiv National University of Construction and Architecture;
2State Enterprise «State research institute of building constructions», Kyiv.

The purpose of the study is to determine the development of deformations of foundations
and zones of their distribution over time using engineering and geodetic methods in the construction
and operation of high-rise buildings. Duration of geodetic monitoring is 10 years (72 cycles). The
relevance of monitoring to prevent emergencies and signal danger is indicated in the publication
[1]. During the monitoring period, up to 178 mm of subsidence were recorded, focusing on the
marks mounted on the "rigidity core™ - the lift group and stairwells. Further from the stiffness core
to the periphery, the nt of subsidence decreases.
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Fig. 3 — The average rate of
deformation of the faces of the
columns (10-6 / month) during the
year of measurements

Fig.1 - Graph of development in time of  Fig. 2— Graph of speeds of vertical
the values of vertical displacements of movements of sedimentary marks
sedimentary marks for 10 years during 10 years

0-120

Fig. 5. - Graph of development in time of
values of non-uniformity of sediments
(AS) of pairs of sedimentary marks

For all columns on which the deformation of the faces was observed, the average
deformation rate is close to the deformation rate, which is due to the deformations shrinkage and
creep for concrete of a given age (Fig. 1,2). The total rate of deformation of all faces is constantly
decreasing (Fig. 3). Based on the results of subsidence, an orthogonal model was constructed, which
indicated the magnitudes and the main place of deformations. According to the results, a graph of
the development of the values of the non-uniformity of sediments between neighboring marks,
which are installed on the "core of rigidity". The obtained results indicate that the final stabilization
of deformations (sediment) of the building has not yet been achieved.

Fig.4. — Orthogonal model of vertical displacements of the foundations
of a high-rise building for 10 years of monitoring

1. Ishchenko, Y., Slyusarenko, Y., Melashenko, Y., Yakovenko, M., & Benl. (2020). Geotechnical monitoring in the
conditions of compacted urban development. Science and Construction, 25(3), 13-25.
https://doi.org/10.33644/scienceandconstruction.v25i3.2
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KoHcTpykTHBHE pillIeHHS 1epeBOMETAIeBOr0 MePeKPUTTS s ri0puIHuxX OyAiBeJib

Mapk Beponukos, acn. kageopu 3ani300emonux ma Kam SHUX KOHCMpYKYiil,

Ceimnana Illexopkina, xano.mexu.Hayk, OoyeHm kagheOpu 3ani300emoHux ma Kam SAHUX
KOHCMPYKYIlL,

Muxona CasuybKuit, 00Kmop mexH. HayK., Npoghecop, peKmop

Ilpuoninpoecvra Oepowcasna akademiss OyOisHuymea ma apximexmypu (m./[Hinpo)

I'OpugHi KOHCTPYKTHMBHI €JIEMEHTH 3 JepeBa 1 CTald MpPeICTaBISAIOTH CO00I0 Iyxe
e(DeKTUBHY KOHCTPYKIIIO [UUII CyYacHHX 0araTtoroBEepXOBHX OyHiBeNlb. 3aBIAKU I1010HIM
KOMOiHaIIi1 MaTepianiB, JOCITalOThCS 3HAYHI €KOHOMIYHI 1 €KOJIOTIYHI MepeBar, OCKIJIbKA BUCOTA
KOHCTPYKIIii MOKe OyTH ONTHMIi30BaHa Mij ii TepUTOpiaJIbHE PO3TAIIYBAaHHS, BOTHECTIHKICTh MOXKE
OyTH 30uIbIlIEHa, CEHCMOCTIHKICT, MOXXE OyTH ToJjimmeHa, a 30ipka KOHCTPYKIii Moxe OyTu
BUKOHAHA 3HAYHO e(eKTUBHIIIE.

Koncmpyxyia 3'eonanns nepexpumms i 6anox. OnHa 13 3alpOIIOHOBAHUX PO3POOJICHHUX
OyIiBEIbHUX CUCTEM SIBJISIE COOOK0 CydyacHy Bepcito KJIacH4HOi cucteMu. KoMIo3uTHa KOHCTPYKITis
31 crami i OeToHy, sKa BiOYBAETHCS MUISIXOM 3aMiHM TPAJAULIMHUX OCTOHHHMX IUIMT, Ha MaHeni clt
[1].

OCHOBHHI CTPYKTypHHU KapkKac CKJIAMA€Thcsl 3 TIOPUAHMX CTiH 31 CTayli 1 JepeBa, sKi
MPALOIOTh HAa 3pYIIEHHS, B TOM 4Yac fK TOPU3OHTAJbHI €JIEMEHTH BUTOTOBJICHI 3 KOMIO3UTHHX
CTaJICBHX 1 IEPEB'STHUX €JIEMEHTIB 3 aHensiMu clt. 30ipka enemMeHTiB BilOyBaeThCsl Ha Oy IiIBHUUOMY
00'ekTi, a B 30ipHHUX JETAIAX BUKOPUCTOBYIOTHCS 3BHYANHI MEXaHI4HI 3'€qHYyBadi abo MPHUCTPOI,
Taki sIK OOJTH 1 KpOHIITEHHH. 32 paXyHOK CIIPOLICHHS 3'€THAHHS E€JIEMEHTIB MK CO0O0I0, MTaHWH
CrociO miaXoAuTh JJ1s1 Oy MIBHUIITBA 1 JIsl IPOBEICHHS Oy AiBEIbHUX POOIT HABITh Y HECHPHUATIMBUX
KJIIMaTUYHUX yMOBax [2].

['paBiTamiiiHa HaBaHTa)KEHHS TMEPEXOIUTh BiJ TMOBEPXiB O Kapkacy, CHOYaTKy
3aBaHTAXXyIOUM KOMIIO3UTHI KOMIIOHEHTH, a IMOTIM MepeJaroyd BiHOCHI BEPTUKAIbHI CHIIM Ha
KOJIOHU. J{asi HaBaHTa)KEHHS IEPEHOCUTHCS Ha (DyH/IaMEHT.

JUis TOpU30HTABHUX HaBaHTAXXEHb ITIJUIOTY Jli€ SIK KPOKBSHA CHCTEMa, AKa Mepelae CUIH Bij
BUXIHOI TOYKHM JI0 BEpPTUKAJIBbHUX CHUCTEM pO3MIPOK. 3'€lHaHHSA €JIEMEHTIB MiX C0000
BiIOYBA€THCS 32 MPUHIMIIOM OaJika J0 MaHeNi 1 HaHes b J10 MaHell.

CraneBi Oanky TakoX BUKOHTBH CTaOLI13allll0 KOHCTPYKIIIi, 110 3a1100irae 0y1b-Ky MOXINUBY
HecTabUIbHICTh TaHenel clt mo3a muomuHO. 3arajibHa MOBEIIHKA BCi€El CHCTEMHU B OCHOBHOMY
BH3HAYAETHCSl CTAJIEBMM KapKacoM IIiJl JI€I0 TpaBITAIlIHHUX HaBaHTaxeHb. [l celicMiuHMX 1
BITPOBUX CHJ, L0 JilOThb B OCHOBHOMY B TOPH30HTAJIbHOMY HANpsMKy, MEXaHi3M OIOpYy
PETYJIFOETHCS B3aEMOJIIEI0 MiXK JliaparMaMu i BEpTUKATBHUMH CHCTEMaMU KOPCTKOCTi [3].

SIK miICyMOK, BaXXJIMBOIO MEPEBAror0 riOpHIHUX €JIEMEHTIB € Te, 10 K [0 TOPU30HTA], TaK 1
[0 BEpTHUKaJll BOHM MAalOTh MiJBHILEHY HeCydy 3/JaTHICTh Oe3 30uiblieHHs nepepi3iB. CHIlbHI
HaBaHTAXEHHS MOXYTb NEpeAaBaTUCS 3a JIOMIOMOIOI0 MPOCTUX 3'€HAaHb, SKI MPUCKOPIOIOTH Yac
OyIiBHHUIITBA. 3arajbHa Bara KOHCTPYKIII 3aJIUIIAETHCS JTy’K€ HHU3bKOIO, IO BHTIIHO B pasi
3eMJIeTpycy. Y pasi HOXeXi CTaJleBi €JIeMEHTH 3aXHUIIEHI EPEeB'SHUMH eJIEMEHTaMH 1 TeMIieparypa
MOTIEPEeYHUX Tepepi3iB JEpPEeBUHHU 30UIbIIYEThCS MeHII cTpiMko. CrajeBi apMoBaHl1 JAepeB'sHI
KOHCTPYKIIi SBISIOTH COO0I0 JOCUTh HECKIAIHUH 1 IBUIKHUIA METOI Oy IiBHUIITBA.

1.  Smith, I. & Frangi, A. 2014. Use of Timber in Tall Multi-Storey Buildings. Structural Engineering Document
SED 13, International Association for Bridge and Structural Engineering (IABSE). ISBN 978-3-

85748-132-1.

2.  Tesfamariam, S. & Stiemer, S.F. 2014. Special Issue on Performance of Timber and Hybrid Structures.

Journal of Performance of Constructed Facilities 28(6): A2014001-1-3. 10.1061/(ASCE)CF.1943-

5509.0000641.

3. Wanninger, F. & Frangi, A. 2014. Experimental and analytical analysis of a post-tensioned timber connection
under gravity loads. Engineering Structures 70: 117-129. 10.1016/j.engstruct.2014.03.042.

Yeoh, D., Fragiacomo, M., De Franceschi, M. & Boon, K.H. 2011. State of the Art on Timber-Concrete
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Constructive solution of wood-metal flooring for hybrid buildings

M. Berdnykov, PhD student, Department of reinforced concrete and masonry structures,
S. Shekhorkina, candidate of technical Sciences, Associate Professor, Department of
reinforced concrete and masonry structures,

M. Savytskyi, Doctor of Technical Sciences, Professor, Rector

Pridneprovsk State Academy of Civil Engineering and Architecture

Hybrid structural elements of wood and steel are a very effective design for modern multi-
storey buildings. Due to this combination of materials, significant economic and environmental
benefits are achieved, as the height of the structure can be optimized for its location, fire resistance
can be increased, seismic resistance can be improved, and the assembly of the structure can be
performed much more efficiently.

The design of the connection of floors and beams. One of the proposed developed building
systems is a modern version of the classic system. Composite construction of steel and concrete,
which occurs by replacing traditional concrete slabs, on the clt panel [1].

The main structural frame consists of hybrid walls of steel and wood, which work on the shift,
while the horizontal elements are made of composite steel and wooden elements with clt panels.
The elements are assembled at the construction site, and the prefabricated parts use conventional
mechanical connectors or devices such as bolts and brackets. Due to the simplification of the
connection of the elements with each other, this method is suitable for construction and for
construction work, even in adverse climatic conditions [2].

Gravitational load passes from the floors to the frame, first loading the composite
components, and then transferring the relative vertical forces to the columns. Then the load is
transferred to the foundation.

For horizontal loads, the floor acts as a rafter system that transmits forces from the starting
point to the vertical strut systems. The connection of the elements is based on the principle of beam
to panel and panel to panel.

The steel beams will also perform structural stabilization, preventing any possible instability
of the clt panels outside the plane. The general behavior of the whole system is mainly determined
by the steel frame under the action of gravitational loads. For seismic and wind forces acting mainly
in the horizontal direction, the resistance mechanism is regulated by the interaction between the
diaphragms and vertical stiffness systems [3].

As a result, an important advantage of hybrid elements is that both horizontally and vertically,
they have increased load-bearing capacity without increasing cross-sections. Heavy loads can be
transmitted through simple connections that speed up construction time.

The total weight of the structure remains very low, which is advantageous in the event of an
earthquake. In the event of a fire, the steel elements are protected by wooden elements and the
temperature of the wood cross-sections increases less rapidly. Steel reinforced wooden structures
are a fairly simple and fast method of construction.

1. Smith, I. & Frangi, A. 2014. Use of Timber in Tall Multi-Storey Buildings. Structural Engineering

Document SED 13, International Association for Bridge and Structural Engineering (IABSE). ISBN 978-3-
85748-132-1.

2. Tesfamariam, S. & Stiemer, S.F. 2014. Special Issue on Performance of Timber and Hybrid Structures.

Journal of Performance of Constructed Facilities 28(6): A2014001-1-3. 10.1061/(ASCE)CF.1943-

5509.0000641.

3. Wanninger, F. & Frangi, A. 2014. Experimental and analytical analysis of a post-tensioned timber connection
under gravity loads. Engineering Structures 70: 117-129. 10.1016/j.engstruct.2014.03.042.

Yeoh, D., Fragiacomo, M., De Franceschi, M. & Boon, K.H. 2011. State of the Art on Timber-Concrete
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CEKLISA 2

«CyuacHi 0yoieenvni mamepiaau
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XimiuHi TexHo10Tii HaHOMOAM pikaLii HEeMEHTHUX KOMIIO3UUIITHNX MaTepiaJis.

Mapuna Cyxanesuu, 0oxm.mexu.Hayk, npoghecop kagpeopu dOyoisenbHux mamepianiis,
Jmumpo Ooapuenko, cmyoenm,
lsan Ocmanoeuu, cmyoenm

Kuiscokuti nayionanvuuu ynisepcumem 6yoisnuymea i apximekmypu (m. Kuis)

B  konrtekcti monATT «Bucoki Ttexnomorii» (Hi-Tech) mporpec OyaiBenbHOro
MaTepiajlo3HaBCTBA CJiJ TOB’A3yBaTH 3 3aCTOCYBAaHHSM HAHOTEXHOJIOTIH Yy BHPOOHHITBI
OyIiBeIbHUX KOMIO3UIITHIX MaTepialiB, 10 SKUX BIAHOCATH IIEMETHI pO34MUHU 1 6eToHH [1].

Buxopucrtanss HaHomaTepiaiiB 3 po3MipaMu 4acTuHOK Bif 1 70 100 uM 3a octanHi 20 pokiB
HIATBEPAUIO MOJKIMBICTH OJEPXKaHHS SIKICHO BIIMIHHMX 32 CTPYKTYpPOIO 1 BIACTUBOCTAMHU
KOHCTPYKLIMHUX Ta CHEellalbHUX MaTepiajiB 3aBJASKH I1JBUIIEHIA aKTUBHOCTI HAaHOPO3MIPHHUX
YaCTUHOK Yy CKJIaJi MaTpuii, 30Kpema LeMeHTHiId. HaHomarepianum HajexaThb 10 KOJOITHHX
YaCTMHOK 3 PI3HUM CTYNEHEM JHUCHEPCHOCTI 1 MIJNOPSAKOBYETHCS 3aKOHAM KOJIOLIHOI XIMIi.
BukopuctanHs  yHIKaJbHUX BJIACTUBOCTEH BYIVICHEBUX HAHOTPYOOK BIAKPWIO  IIUPOKI
MEPCIEKTUBU 3aCTOCYBaHHS iX y OyJIiBenbHIN Tamy3i, 30KpeMa JUisi OTPUMAaHHSA e(pEeKTUBHHUX
MaTepianiB Ha IeMeHTHiIM ocHoBi [2]. Ilpore icHye mnpoGiiemMa pPiBHOMIPHOTO pPO3MOIIIECHHS
BYTJICIICBUX HAHOPEUOBHH B IIEMEHTHOMY MaTepiani 0e3 IX CKYITYeHHs, arperyBaHHS.

MeToro IOCHiPKEHHST € BU3HAUEHHsS XIMIYHUX MPOLECIB, 10 NPOTIKAIOTh NPU B3aEMOIL
MMOBEPXHEBO-aKTUBHUX PEUOBHMH Ta BYTJICIEBHMX HAHOPEYOBUH (HAHOTPYOOK, TEPMOPO3IIUPEHOTO
rpagirty).

B nocnigax BukopucroByBanu IIAP pisHOro XiMI4HOrO CKjaay: JITHOCYJIb(OHATHOTO,
HadTamiH- Ta MeJaMiH(pOpMabAEriHOro, moJiKapOOKcUIaTHOro. ByrienesBi HaHOPEUOBHHU
(HaHOTPYOKHM, HAHOBOJIOKHA) (puc.l) BBOIWIM NUIAXOM KaBITAI[IHHOTO TMEpPEMINTyBaHHS B
riAporHaMIYHOMY TOMOTeHi3aTopi (puc.2).

Puc.1. - ®ororpadii ByrieneBux HaHOTPYOOK (a),

TepMopo3mupeHoro rpadity (0), BUKOHaHI 3 Puc. 2. - JlabopaTtopHHi poTaIiifHmiz
BUKOPUCTAHHSIM TPAHCMIiCIHHOTO €JIEKTPOHHOTO TiApOIMHAMIYHNN TOMOT€HI3aTOP
MiKpPOCKOITY

CTalinpHICTh TUCTIEPCIH BU3HAYAIU 3a JIOMOMOTOIO JIA3€PHO-KOPENAIIHOT CIIEKTPOCKOTIIi.
BcraHoBieHo, 1Mo CTyMiHB AucHepranii HaHOJ00aBOK 3aleXUTh BiA XimiuHOi mpuponu ITAP Tta
KIIBKOCTI HaHOPEYOBMHM ( ONTHUMalbHUM € BMicT Mac. 1%) [2]. BcraHoBneno, mo mpu
HaHOMO U (iKaIlii IEeMEHTHOI MaTPUIll CIIOCTEPITA€ThC CHHEPTETUIHUN €EKT, 10 MPOSBISIETHCS Y
3pOCTaHHI MIIIHOCTI MPHU CTUCKY Ta MPH 3THHI IEMEHTHUX KOMIO3UIiN B IPUCYTHOCTI CaMOT0 JIUIIIE
miactudikatopa — Ha 50%, a B IPUCYTHOCTI BYTJICIIEBHX HAHOPEYOBUH - mie Ha 50%. Bussiena
3aKOHOMIPHICTh MPOSIBIISETHCS JIMIIIE TTPH BUKOPUCTAHHI B SKOCTI JUCIIEPCIHOTO CepeIOBHUINA TSI
BYTJICIIEBUX HAHOOO €KTiB MenamiH(OpMabAETiITHOTO Ta JirHocylbdoHaTHOTO (3 edipamu
MOJTIKapOOKCHIIaTy) TUIACTU(IKATOPIB, B CTPYKTYPI AKUX MPUCYTHI OCH30JIbHI KIIBIL [2].

1. Canuec @., CoboneB K. HanorexHosoruu B npousBoactee 6etoHoB: 0030p. Becmuux TIACY. 2013. Ne 3. C.
262-2809.

2. CyxaneBudu M.B. IlopiBHsIHHS €()eKTUBHOCTI 3aCTOCYBaHHsI PI3HUX BYIJIEIIEBUX HAHON00aBOK Iyt MoanGikalii
[IEMEHTHHX KOMITO3UIIIHHUX Marepianis. BymiBensHi MaTepianu ta Bupobu. - Ne3-4 (95). — C.46-49.
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Chemical technologies of nanomodification of cement composite materials.

M.Sukhanevych, Dr.Sc., Professor of the Department of Building Materials,
D.Odarchenko, Sudent,
I. Ostapovych, Student

Kyiv National University of Construction and Architecture (Kyiv)

In the context of the concept of "High Technologies" (HI-Tech), the progress of building
material science should be associated with the use of nanotechnologies in the production of building
composite materials, which include cement mortar and concrete [1].

The use of nanomaterials with particle size from 1 to 100 nm over the past 20 years has
confirmed the possibility of obtaining qualitatively different structures and properties of structural
and special materials due to the increased activity of nano sized particles in the matrix, in particular
cement.

Nanomaterials belong to colloidal particles with varying degrees of dispersion and
subordinate to the laws of colloidal chemistry. The use of unique properties of carbon nanotubes
has opened a wide prospect of using them in the construction industry, in particular to obtain
effective materials on a cement basis [2]. However, there is a problem of uniform distribution of
carbon nanoparticles in cement material without their accumulation, aggregation.

The purpose of the study is to determine the chemical processes occurring in the interaction of
surfactants and carbon nano-particles (nanotubes, thermo-exposure graphite).

In experiments, different chemical composition were evolved: lignosulfonate, naphthalene
and melamine formaldehyde, polycarboxylate. Carbon nanoparticles (nanotubes, nanofibers) (fig.
1) were administered by cavitation mixing in a hydrodynamic homogenizer (fig. 2).

Fig. 1. - Photos of carbon nanotubes (A), thermo-
exposure graphite (b), made using a transmission
electron microscope

Fig. 2. - Laboratory rotary
hydrodynamic homogenizer

The stability of the dispersions was determined by laser-correlation spectroscopy. It has
been established that the degree of dispersion of nano additives depends on the chemical nature of
the surfactant and the amount of nano-substance (optimal content of mass. 1%) [2].

It has been established that when nanomodification of a cement matrix there is a synergistic
effect that is manifested in the growth of compression strength and bending strength of cement
compositions in the presence of only a plasticizer - by 50%, and in the presence of carbon nano-
substance - another 50%. The identified pattern manifests itself only when used as a dispersion
medium for carbon nanoobjects of melamormaldehyde and lignosulfonate (ethers of
polycarboxylate) plasticizers, in the structure of which there are benzene rings [2].

1. Sanchez F., Sobolev K. Nanotechnology in the manufacturer of concrete: Overview. TGUS Herald, 2013. No. 3.
P. 262-289.

2. Sukhanevych M.V. Comparison of the effectiveness of using various carbon nanoadditives for modification of
cement composite materials. Building materials and products. - Ne3-4 (95). - 2017. - P. 46-49.
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Panianilino-3axXMCHI BJIaCTHBOCTI Ta pajianiiiHa CTIHKICTb IPiOHO3epHUCTHX OETOHIB.

JImumpo Anonko, kano.mexu.nayk, doyenm Kagheopu 0yoigerbHuUx mamepiaiis,
Onvea I'onuap, kano.mexu.nayx, ooyenm kageopu 6yoigenbHux mamepianis,
Mapxo-Bacunv Mapynuak, cmyoenm

Kuiscokuii nayionanvuuu ynisepcumem 6yoisnuymea i apximexkmypu (m. Kuis)

bararopiuynuii CBITOBUI JOCIHIJ] BUKOPUCTaHHA MaTepiajiB Uil paAialifHOrO 3aXUCTY
MOKa3ye, 110 TOJIOBHUM MarepiajoM € OeTOH, B SKOMY MOJKJIMBa KOMOIHAIlIS BaXXKHX CJIEMEHTIB,
HEOOXITHUX JJIS 3aXMCTy BiJi raMMa-IPOMEHIB Ta JIETKUX, L0 MOMIMHAIOTh HEUTPOHHI MOTOKH.
OcTaHHi 00CTaBHHM, a TAKOX JIETKICTh HaJJaHHS 3aXHCTy HE00X1/1HO1 OyAiBesbHOT (OopMH, BIJHOCHA
HU3bKa I[lHA Ta IIMPOKE BUKOPUCTAHHSA MICLIEBUX CHPOBHHHMX MaTepialiB BHU3HAYMIIO
3aCTOCYyBaHHS O€TOHY JUIsl 3aXHCTy Bl paJlOaKTHMBHOI'O BHUIIPOMIHIOBAHHS SIK T'OJIOBHOI'O

MaTtepiaiy.
Jnst mochipkeHHS TOBEAIHKM O€TOHIB  MMia  JII€I0 TraMMa-BUIIPOMIHIOBAHHS — OyJu
BUTOTOBJIEHHI JBi cepii 3pa3kiB. OmHa - KOHTpOJbHA, JApyra — MifjaaBanacs il ramma-

BUIIpOMiHIOBaHHIO. TemmepaTypa 3pa3kiB mpu BumpoOyBaHHAX He mepesumyBama 40 °C,
KOHTPOJIBHUX Takox Oysa npuiinara 40 °C. JJoza ramma-sunpowminioanss ckianana 109 pan. Ti
3HAYCHHS BIAMOBIAA€ 1031, Ky MOXE OTpUMATH OETOH MPU KOHTAKTI 3 BHCOKOAKTHBHHUMH
panioakTUBHUMHU BiIxoaaMu 00’ekT «YKpuTTs» 3a 300 pokiB. XapaKTepHCTUKa MPOMHUCIIOBO]
YCTaHOBKM T'aMMa-BUIIPOMIHIOBaHHS: eHeprisi BUnpoMiHioBanHs 1,25 MeB Tta noryxHicts 1o3u 2,0
Mpa/ronuny. BukopucTanns Takoi yCTaHOBKH, 103Bojse gocsartd ao3u 10° pan Menblne Hix 3a
Micsip, a 108 pan —3a 4-5 n16. [1ii raMmMa-BUNIPOMIHIOBAHHS MIJaBaIu 3pa3Ku OCTOHY, SIK1 TOCSTIIN
BiKy 28 1116 Ta 30epiraqucs B HOpMaJbHUX YMOBax. AHali3ysl OTpUMaHi JaHi (i3UKO-MeXaHIYHUX
BUINIPOOYBaHb pajialliifHO-3aXHUCHUX KOMIIO3UTIB, MOKHA BIIMITUTH HACTYIIHE, BEJIMKI 103U TaMMa
Ta HEMTPOHHOIO BUIIPOMIHIOBAHHS MPAKTUYHO HE BIUIMBAIOTh HA MILHICTh PO3POOJICHUX CKJIaJliB
oetony[1].

Po3pobinenHi KOMIIO3UTH MalOTh MOKa3HUKU TOBLIMHU IIapy MOJOBHHHOIO OCHalJIeHHsS JUis
raMma-BuIIpoMiHioBanHs i3otomy 'Cs 3 emepricio E=662 KeB - 3,20-529 cm, Ta ms
HeiliTpoHHOTrO BUMpoMiHIOBaHHA 2°°Cf 3 enepriero E=2,5 MeB — 5,01-6,17 cm. OtpuMani 6eToHH
MalOTh HEBENMKY aKTUBHICTb (Ha 3-4 TOPSAKH MEHIIE) MOPIBHSHO 3 MPHUPOJHIM XPOMOM Ta
3aJ1i30M, SKIIO OCTaHHI MiAmaTH Jii HEHTPOHHOTrO oOmpoMiHeHHs. HamaHHs Mmartepially Takoro
3HAYHOTO €HEPreTUYHOTO BIUIMBY MPU3BOAMTH JI0 BUXOY HOTO 3 TEPMOAMHAMIYHOI PIBHOBArH, 10
CTBOPIOE YMOBH JJI1 BAHUKHEHHS B HbOMY 3HA4YHUX (IyKTyaliiHUX MPOLECIB, IO CIIPSIMOBaHI Ha
YTBOPEHHS MOPYLIEHb PEryJSIPHOCTI CTPYKTypH. s 3MeHIIeHHS 1HTEHCHUBHOCTI (iayKTyamiid €
JOIUUTPHUM BHUTOTOBJICHHS KOMIIO3UTIB 3 MIHIMAJIbHOIO aHI30TPOINIE€0 BIACTUBOCTEH, IO B
3allpONOHOBAHMX MaTepianax pPeryJIoeTbCs JTUCTIEPCHICTIO 3allOBHIOBaYa Ta  BEJIMYUHOIO
nedopmartii po3IMHMPEeHHS [IEMEHTY MPU TBEPAHCHHI [2].

BcranoBieHo, 1m0 AOCHIHKEHI KOMIIO3UTH MalOTh 3HAYHY padialidHy CTIHKICTh B IO
ramMmMma-BUINpomiHtoBaHHs npu 1031 B 1000 Mpan. BoHn xapakTepu3yroThCsl 3pOCTaHHSM MIITHOCTI
MIPU CTUCKY Ta CTaOUIbHUMH 3HAUYEHHSIMH MIIHOCTI Ha po3Tsr mpu 3ruHi [3]. Ha ocHOBI oTpuMaHuX
JAHUX pO3pOOJIeH] CKIaau OETOHIB [l IPOMUCIOBOIO BUPOOHMIITBA Ta 3aCTOCYBAaHHA. Mae Takox
1HTEpeC JOCIiKeHHS BIACTUBOCTEH JaHMX KOMITO3UTIB HAa ME30- Ta MaKPOPIBHI MICIIsI TPUBAJIOI i
HEHTPOHHOrO Ta TraMMa-BUIIPOMIHIOBAaHHS, a B MEPCHEKTHUB] 3aCTOCYBAHHS TEOPETHYHUX METOJIIB
MO/ICITIOBAHHS IEPEHOCY MOTOKY HEHTPOHIB Kpi3b Marepial.

1. IMettanu JILA., Avonko J.B. Paduayuonnozawumusie 6e3ycadounvie MeiKo3epHucmole Oemonsbl Ha 4y2yHHbIX
sanonnumensx. — K.: Tamma-nipunT, 2011. 198 c.

2. Ilewinuu JI. A., ITymkapesa E. K. Ilpoyeccor camoopeanuzayuu cmpykmypol cmpoumenshulx komnosumos. K.
I'amma-npunT, 2009. 153 c.

3. Awmomko J.B., Tomuap O.A., KoObumackuit W.3. Komnosuyuonnviii  paouayuoHHO3AUUMHbBII
YeMeHm ¢ NOGLIUEHHOU mepMo- u mpewunocmotikocmoro. HaykoBuii BicHUK OyniBHunTBa. — XapkiB: XHVYBA,
2019. Ne 4. Tom 98. C. 231-240
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Radiation protective properties and radiation resistance of fine-grained concretes.

D. Anopko, Ph.D., Associate Professor of the Department of Building Materials
0. Gonchar, Ph.D., Associate Professor of the Department of Building Materials
M-V. Marunchak, Student

Kyiv National University of Construction and Architecture

Many years of world experience in the selection of materials for radiation protection shows
that concrete is the main material. It can combine heavy components to protect against gamma
radiation and light components to absorb neutron fluxes. This fact, as well as manufacturability, low
price and the possibility of using local materials, have determined the widespread use of concrete
for protection against radioactive radiation.

To study the behaviour of concrete under the influence of gamma radiation, two series of
samples were made. One series was the control, and the second was exposed to gamma radiation.
The temperature of the samples during testing did not exceed 40 °C, the dose of gamma radiation
was 10° rad.

Its value corresponds to the dose that concrete can receive when it comes into contact with
highly radioactive wastes from the “Shelter” facility for 300 years. The characteristic of an
industrial gamma-ray plant is radiation energy of 1,25 MeV and a dose rate of 2 Mrad/h. Using this
setup allows you to reach a dose of 10° rad in less than a month, and 108 rad in 4 - 5 days. Concrete
that reached the age of 28 days and stored under normal conditions was exposed to gamma
radiation. Analysing the obtained data of physical and mechanical tests of radiation-protective
compositions, it can be noted that large doses of gamma radiation practically do not affect the
strength of the developed material [1].

The developed composites have half-value for the y-radiation of the *'Cs isotope with
energy E =662 KeV — 3,20...5,29 cm, and for neutron radiation 2>2Cf with energy E = 2,5 MeV —
5,01...6,17 cm. The developed concrete compositions have a small activity (3-4 orders of
magnitude lower) compared to natural chromium and iron if the latter are exposed to neutron
radiation.

The influence on the material of such a significant energy impact removes it from
thermodynamic equilibrium, which creates the conditions for the occurrence of significant
fluctuation processes in it, aimed at creating violations of the regularity of the structure. To reduce
the intensity of fluctuations, it is advisable to create composites with a minimum value of the
anisotropy of their properties, which in the developed materials is controlled by the dispersion of
the aggregate and the degree of expansion of cement. This confirms the promise of using the
proposed fine-grained concrete as radiation-protective materials [2].

It was established that the studied composites have significant radiation resistance in the
fields of gamma radiation at a dose of up to 1000 Mrad. They are characterized by an increase in
compressive strength and stable values of tensile strength in bending [3].

Based on the data obtained, it is possible to develop concrete compositions for industrial
production and use. It is also of interest to study the properties of these composites at the meso- and
microlevels after prolonged irradiation with neutrons and gamma rays, and in the future, use of the
theoretical method for modeling the transfer of neutron flux in various media.

1. Sheynich L. A., Anopko D. V. Radiation-protective non-shrinking fine-grained concrete on cast-iron aggregates
(K: Gamma-print) — 2011. — P. 198.

2. Sheynich L. A., Pushkareva E. K. Self-organization processes of the structure of building composites (K:
Gamma-print) — 2009. — P. 153.

3. Anopko D. V., Gonchar O. A., Kobyilyanskiy 1. Z. Composite radiation protective cement with enhanced
thermal and crack resistance (Harkiv: HNUBA). — 2019. — Vol. — 98. — P. 231-240.
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AHaJi3 BIVIMBY YAAPHUX HABAHTAKEHb HA CTPYKTYPY LIAPIB NOKPHUTTS JAOPIr 3
MarepiajiB Ha OCHOBI BUCOKOMOJIEKYJISAPHUX MOJIMEPHHUX CIOJIYK.

Onexcandp I'openenxo, acucmenm kageopu apximexkmypHux KOHCMPYKYiti
Kuiscvroeo nayionanvroeo ynieepcumemy 0yodisHuymea ma apximexmypu. (m. Kuis)

Meta A0CHiKEHHST — 3HAXO/DKEHHS ONITUMAIIBHOTO CKJIaly IIapiB KOHCTPYKIIi JOPOKHBOTO
MOKPUTTSI, BIIMOBIIHO IO YMOB MPYXHOCTI IIUX MaTepiaiiB. 3a0e3neueHHs MaTepiaiy 31aTHOCTI He
3MOYYBATHUCH 11€ T1APOPOOHICTh MOBEPXHI, IKY MOXKHA 3a0€3M€UYNTH OCHOBHUM CKJIAJIOBUM areéHTOM
acdanpTo0eTOHHOT cyMmimi - OitymoMm. Ilpore romoBHuMil Hemosmik OiTymMy, Te IO B IpoLeci
eKCIuTyaTarii Horo CTPyKTypa, MPUPOAHHUX CMOJI, TOCTYIIOBO CTHPAETHCS, a IiJ COHSIYHUMHU
IIPOMEHSIMU B110YBA€ThCSI IHTEHCUBHUM HArpiB, a aBTOTPAHCIOPT B TaKi MOMEHTH 1 30BCIM pyHHY€
ne nokputta. [lomampmie pyiiHyBaHHS JOpOTHM aTMOCHEPHUMH OINAJaMH, NPU3BOAHUTH [0
HAaMOKAHHS Ta HIATOIUICHHS JOpPO’KHBOI OCHOBH, IHiJ HECY4YUM HOKPUTTAM. Taki mporecu
MIPU3BOJIATH 10 YTBOPEHHS XBWJIb TA IPOBAJIIB B TUIOLIMHI MIOKPHUTTS. | €COMETPUYIHO 1€ BUTIISIIAE SIK
YTBOPEHHSI CHHYCOiJlM, MONEPEMIHHOIO 3BOJIOXKEHHS Ta TBEPAIHHSA B JESIKUX 30HaX KOHCTPYKLIi
[2].

Bukopucransus nosjimepiB, TakuxX SIK IUIACTMACH, SIK CHUPOBHHA 3 MEPEpPOOKH 1 OJHOYACHO
OCHOBHOIO  CKJIa/IOBOI0  ac(ajbTOOETOHHOI CyMillll, MOXE€ HaJaTH KOHCTPYKLII J0poru
BJIACTUBOCTEH, $KI YAaCTKOBO 3MEHIIYIOTh DPYHHIBHY [il0 BOAM Ha KOHCTpyKuUito. HaiOinbi
MIIXOASIIMMU € €JIaCTOMEpPH 3aBISKU X MOXJIMBOCTI IMOBTOpHIN mepepodli, Ta Temmeparypi
riaBneHHs BiJ 150°C - sika BiAnoBigae TeMiepaTypi NpUroTyBaHHs acaibToOETOHHOI CyMilIi.

Buxopucrtanus enacToMepiB CTBOPHUTH JONOMDKHI 3B’S3KM B KOHCTPYKII JOPOKHBOTO
MOKPUTTS 1 IpU3BeJIe 10 OLIbII CTIMKOr0 KapKacy KOHCTPYKIii. 3B’ s13yBaHHs HOJIMEPiB 3 OITyMHUM
B’SKYUHUM CTBOPIOE OUIBII 3axMILEHY CTPYKTypy IIapiB, LI0 Ja€ 3MOry OLIbIl 1HTEHCHBHO
BUKOPHUCTOBYBATH M€OTEKCTHIIb T T€OCITKH.

['eomeTpryHe MOJEITIOBAaHHS MIAPIB JIOPOKHBOTO TOKPUTTS IOKa3y€ 3HAYHUK TPUPICT
MIITHOCTI KOXXKHOTO IIapy KOHCTpykKmii. Ta mie onHI€ HaA3BUYAHHOIO BIIACTHBICTIO TAaKOI'O
MOKPUTTSI, € 3HMKEHAa Maca KOHCTPYKIIT Npu OUIbII BHCOKMX XapaKTEPUCTHUKAX MIIHOCTI, 5K
Hachigok [1]. TakuM 4mHOM, IS IUX BJIACTHBOCTEH HACTYITHUN, TPH J0JIaBaHHI y OY/IBEIbHHMA
0iTyM TEOBKJIAIUINIB Pi3HOI reoMeTpii, 0COOIMBO MPOCTOPOBOI 30UTBLIYETHCS MUTOMA MIIHICTh
BSKYYOi PEYOBUHH Ha MPUKIal HOPMYIIH:

R»=RD

e, R- mimHicTh MaTepiany Mlla;

D- BiHOCHA I'yCTHHA MaTepiamy Kr/m?.

OTmxe HacHmiIoK ITi€el GopMynH TMokKasye, MmO ¢aKTHUHE 3O0LIBIICHHS TYCTHHH KIHIIEBOTO
MaTepiany i MPU3BOAUTH 10 30UIBIIEHHS Bard IapiB TaKOTO MOKPHUTTA. AJle € HACHTiJIOK 3 3aKOHY
T yKa*, [0 YMM MIITHIIIIE MaTepiaji i YMM BiH JIeTTIe, TUM OUTbIe HOro muToMa MilHicTh. BuHuKae
napagokc, KOJNW JUIs 30UIbIIEHHS JOBrOBIYHOCTI JIOPOKHBOTO IIOJIOTHA IMOTPIOHO CTBOPIOBATH
Ba)XKK1 1 TOBCTI LIapH, 110 CyNepeuuTh BUINE3a3HAUYCHOMY HAcHiAKy 3akoHy ['yka. AnbTepHaTuBa
TaKUM METOJIaM y CTBOPEHHI JIETKMX 3allOBHIOBAYiB, Ta T'€OCITOK Ha OCHOBI IMOJIIMEpIB Pi3HOI
TeOMETpii 1 MaJIoi TYCTHHH, ISl 3MEHIIICHHsI Bard BCi€l KOHCTPYKIII 1 SIK HACIIIOK IIbOTO, OUTHIIHA
CTPOK BHKOPHMCTaHHS MOJIOTHA 3a PaxXyHOK HE pyWHYBaHHS IiJ BJIACHOIO Barolo, IO CHPUYHHSIE
MOCTIM{HE HANPY>KEHHS B CTPYKTYp1 TOPO’KHBOI'O MOJIOTHA.

1. MosroBoit B.B. HayuHble OCHOBBI oOOecredeHHs] TEeMIEpaTypHOW TPEIMHOCTOMKOCTH ac(aabTOOeTOHHBIX
MOKPUTHH: 1uC. O-pa TexH. Hayk: 05.22.11. MosroBoii Bnamumup BacwmiseBnu; KueBckmii aBTOMOOMIBHO-
nopoxHbIi uHCTUTYT — K., 1996. 343 ¢

2. Huup Csocroans (KHP), Muxaitmos A.l. MojenmoBanHs HapyXeHO1e(h)OPMOBAHOTO CTaHY JOPOXKHIX OISTIB 3
TpimmHaMu y noKpuTTi: XapKiBChbKUI HalliOHAILHUK aBTOMOOUILHO-IOPOXKHIH yHiBepcuteT — X. 2020. 267c.

* - zaxon T'yka - mym 8uUKOpUCmano Kiacuuxe OPpMyn06anHs HACLIOKY RUMOMOL MIYHOCMI THUUMU CLOBAMU

Ha3z. Koeghiyienm xoncmpykmueHoi axocmi.
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Analysis of the influence of shock loads on the structure of road surfaces from materials based
on high molecular weight polymer compounds.

O.Horelenko, Assistant, Department of Architectural Structures
Kyiv National University of Construction and Architecture (Kyiv)

The purpose of the study is to find the optimal composition of the layers of the pavement
structure, in accordance with the conditions of elasticity of these materials. Providing the material
with the ability not to get wet is the hydrophobicity of the surface, which can be provided by the
main component agent of the asphalt concrete mixture - bitumen. However, the main disadvantage
of bitumen is that during operation its structure, natural resins, is gradually erased, and under the
sun there is intense heating, and vehicles at such times and completely destroys the coating. Further
destruction of the road by atmospheric precipitation leads to wetting and flooding of the road base,
under the bearing surface. Such processes lead to the formation of waves and dips in the plane of
the coating. Geometrically, it looks like the formation of a sinusoid, alternating moisture and
hardening in some areas of the structure [2].

The use of polymers, such as plastics, as raw materials for processing and at the same time
the main component of the asphalt mixture, can give the road structure properties that partially
reduce the destructive effect of water on the structure. Elastomers are the most suitable due to their
recyclability and melting point of 150 ° C - which corresponds to the temperature of preparation of
the asphalt mixture.

The use of elastomers will create auxiliary bonds in the construction of the pavement and
will lead to a more stable frame structure. Binding of polymers to bituminous binder creates a more
protected structure of layers, which allows more intensive use of geotextiles and geogrids.

Geometric modeling of the layers of the pavement shows a significant increase in the
strength of each layer of the structure. But another extraordinary property of such a coating is the
reduced weight of the structure with higher strength characteristics, as a consequence [1].

Thus, for these properties the following, when adding to the construction bitumen geolayers
of different geometry, especially spatial increases the specific strength of the binder on the example
of the formula:

Rn=RD
where,
R - is the strength of the material MPa;
D - relative density of the material kg /m?

Therefore, the consequence of this formula shows that the actual increase in the density of
the final material and leads to an increase in the weight of the layers of such a coating. But there is a
consequence of Hooke's law*, that the stronger the material and the lighter it is, the greater its
specific strength. There is a paradox when to increase the durability of the road you need to create
heavy and thick layers, which contradicts the above consequence of Hooke's law. An alternative to
such methods in the creation of light aggregates and geogrids based on polymers of different
geometries and low densities, to reduce the weight of the whole structure and as a consequence,
longer life of the road due to non-destruction under its own weight, causing constant stress in the
road structure.

1. Mozgovoy V.V. Scientific bases of maintenance of temperature crack resistance of asphalt concrete coverings:
dis. Dr. Tech. Science: 05.22.11. Mozgovoy Vladimir Vasilyevich; Kiev Automobile and Road Institute - K., 1996.
343p

2. Qin Xiaoxuan (PRC), Mikhailov Al Modeling of stress-strain state of pavements with cracks in the pavement:
Kharkiv National Automobile and Road University - H. 2020. 267p.

*- Hooke's law - here the classical formulation of a consequence of specific strength in other words is used.
Coefficient of constructive quality.
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OxkpemMi acnieKkTH BU3HaA4YeHHsI ¢(DeKTUBHOCTI BOTHE3aXHCTY TKAHMH.

Onvea bBonoapenko, kano. mexu. Hayk, ooyenm xagheopu OyoiservHux mamepiaiis,
FOpii Ilanko, 0-p mexu. nayk, npoghecop,
Anina Amayk, cmyoenm

Kuiscoxuii nayionanvruil ynisepcumem 6yoienuymea i apximexkmypu (m. Kuis),
Hayxoso-0ocnionuii incmumym 8 ’sicyuux pewosur i mamepianie (m. Kuis)

OpauMu 3 HaWOUTBII PO3MOBCIOJDKEHUX MaTepiaiB JIss  03M00JCHHS TPOMAJCHKHX
MPUMIIICHD 3AJIUIIAIOTHCS TKAHUHM (TapIWHHU, IITOPHU, 3aHABICKH), aJlie B 3B’S3KY 3 1X MiABHUIICHOIO
TOPIOYICTIO TakKi Marepiad BITHOCATBCA 0 TIOKESKOHEOC3NMEUHUX. 3HIDKECHHS TOPIOYOCTI 1
PO3pOOIJICHHST BAXKKOTOPIOUMX Ta BAKKO3aHMHCTUX MaTepialiB € OJHHM i3 OCHOBHUX HAIpsMKIB
MOTIePEHKEHHSI BUHUKHEHHSI TIOKEKi Ta BUPIMIECHHS POOIEeMHU PO3IIUPEHHs 00JIaCcTi 3aCTOCYBaHHS
nux MatepianiB [1]. O6poOneHHs 3aco0aMM BOTHE3aXHCTy CYTTE€BO BIUIMBA€ Ha IOIIMPEHHS
MOJTyM I, JO3BOJISIE HA0AraTo 3MEHIINTH TUMOYTBOPIOBAJIbHY 3aTHICTh Ta TEIIOBUAICHHS. Tomy
MOCTa€ HEOOXITHICTh JOCIIDKEHHSI YMOB YTBOPEHHS Oap’epy Ui PO3IMOBCIO/DKCHHS IMOJIyM sl Ta
BCTaHOBJICHHS €()eKTUBHOI JIii MOKPUTTS 3 YTBOPEHHSM IIapy KOKCY, IO TaCTh MOXIIUBICTh BXKHTH
3ax0JIiB [Tl IIKBiAALT MOXKEXKI.

VY 3B’SA3Ky 3 OHUM BIAMOBIIHO 10 [2] TpoBeIeHO TOIEpeaHI BUIPOOYBAHHS Ope3eHTOBOL
TKaHWHU JJI BUTOTOBJICHHS HAMETIB, sIKI OynM OOpoOJieHI KOMITO3UIIIEI0 HAa OCHOBI (hocopHo-
AMOHIMHHX COJICH 3 JI0JaBaHHSIM IIPUPOTHHUX TIOTIMEPIB JIJIS ITiIBHINEHHS €IACTUIHOCTI (puc. 1).

Cytp Meromy BUNpPOOYBaHHS Ha 3aliMUCTICTh IIOJIATA€ B OLIHIOBAaHHI XapaKTCPUCTHUK
TOpiHHS MaTepiajiB i Ji€l0 MOoJyM’ss B JIA0OpaTOPHUX YMOBaX, SKI KOHTPOJIOOTHCS. Jliis
MPOBEJICHHSI BUIIPOOYBaHb 3aCTOCOBYIOTh BHUIPOOYBaJIbHY YCTaHOBKY, B SIKi 3aKpIIUIIOIOTh
BHITPOOYBAIBHUAN 3pa30K TEKCTHIBLHOTO MaTepiainy (po3mipom 220 x 170 MM) i miABOIATE ra30BUN
MaJbHUK 3 BUCOTOIO NosiyM’st 40 MM ripoTsirom 15 c.

a)
Puc. 1. — [Ipouec BunpoOyBaHHs TKaHWHH: a — HEOOpOOIeHa; 0 — BOTHE3aXHUIIEHA; B —
pe3ynbTaT BUMIPOOYBAHHS BOTHE3aXHIIEHOI TKAHUHHU.

B)

[Ticist mpoBeneHHsT BUTIPOOYBAHHST BUTHO, 110 3pa30K HEOOPOOIICHO! TKAaHIMHH Yepe3 TIPOMDKOK y 5 ¢
3aifHsABCS, BOTHE3aXMILEHA TKAHWHA BUTpUMAla IO TMOIYM’s, HE MiITPUMY€ CaMOCTIHE T'OpIHHS,
TIONIKO/KEHHS 3pa3Ka CTAaHOBHIIO He OuhIiie 50 MM.

TakuMm 4YHMHOM, 3aIpPOINOHOBAaHA pO3POOKAa CHPSMOBAHA HAa CTBOPEHHS BOIHE3aXUCHHUX
MaTepiaiiB Ui KOHCTPYKIIM 3 TEKCTHJIBHUX BUPOOIB 332 PaxXyHOK HAampaBlIeHOTO (HOpMYyBaHHS
€JIACTUYHOTO TIOKPUTTS, CTIMKOI0 10 Jii IEepEeMIHHUX TeMIepaTypHO-BOJIOTICHUX (haKTOpIB.

1. Kpusenko [1.B. Boraezaxuct OyiBebHAX KOHCTPYKIiH 3 iepeBuHH. Teopist Ta npakTika: MoHorpadis / I1.B. Kpusenrxo, FO.B.
Harxo, C.I'. I'y3iid. — XapkiB: Bunasauirso ta npykapsst [T « Texaomnoriaamii neHtp». — 2018. — 348 c.

2. ICTY 4155 Marepianu TekcTiibHI. MeToa BUnpoOyBaHHs Ha 3aimmucTicTh. — KuiB: JlepikcrokuBcTaHIapT
VYkpaian, 2003.
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Some aspects of determining the effectiveness of fire protection of tissues.

O. Bondarenko, Candidate of technical Sciences, Associate Professor of the Department of
Building Materials,

Yu. Tsapko, Doctorof t technical Sciences, Professor,

A. Yatluk, Student

Kyiv National University of Construction and Architecture in Kyiv,
Scientific Research Institute for Binders and Materials in Kyiv

One of the most common materials for the decoration of public premises remain tissues
(curtains, curtains, curtains), but in connection with their increased combustibility, such materials
relate to fire hazard. Reducing combustibility and development of heavy and heavyweight materials
is one of the main areas of fire prevention and solving the problem of expanding the application of
these materials [1]. The treatment of fireproof means significantly affects the spread of the flame,
allows you to significantly reduce the smoke-forming capacity and heat dissipation. Therefore, it is
necessary to study the conditions for the formation of a barrier to distribute the flame and
establishing an effective coke coke layer, which will enable measures to eliminate the fire.

In this regard, according to [2] preliminary tests of canvases for the manufacture of tents,
which were treated with a composition based on phosphorus-ammonium salts with the addition of
natural polymers to increase elasticity (Fig. 1).

The essence of the test method for flammability is to evaluate the characteristics of
combustion of materials under the action of a flame in laboratory conditions controlled. For tests, a
test installation is used in which the test sample of the textile material (220 x 170 mm) is fixed and a
gas burner with a flame height is 40 mm for 15 seconds.

)

a)
Fig. 1. — The process of tissue testing: a — untreated; b — fireproof; ¢ — the result of the test of
fire-proof tissue.

After testing, it is evident that the sample of untreated tissue through the gap of 5 seconds
has begun, the fire-proof tissue withstood the effect of the flame, does not support independent
combustion; the sample damage was no more than 50 mm.

Thus, the proposed development is aimed at creating fire protection materials for structures
of textile products due to the directional formation of the elastic coating, resistant to variable
temperature-humid factors.

1. Krivenko P.V. Fire protection of building structures from wood. Theory and Practice: Monograph / P.V.
Krivenko, Yu.V. Tsapko, S.G. Guziy. — Kharkiv: Publishing and Printing house PP "Technological Center". — 2018.
— 348 p.

2. DSTU 4155 Textile materials. Test method for flammability. — Kiev: Derzhspozhyvstandart of Ukraine, 2003.
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IlepcniekTHBY OTPMMAaHHS CYYACHUX MaTepiaiiB Ta BUPOOIB HA OCHOBI TEXHOT€HHHUX
NMPOAYKTIiB

Onvea I'onuap, kano.mexu.nayx, ooyenm kageopu 6yoigenbHux mamepianis,
JImumpo Anonko, xano.mexn.nayx, 0oyeHm kageopu 6yoigerbHux mamepianis,
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®ocporinc npeacransie o000 TEXHOT€HHUN TPOAYKT, OTPUMAHUI PU KUCIOTHIN nepepoo1i
MiHepaliB, 10 MICTATh (ocdaru Kanpuio (anatutd, (ocpoputn). Y nux MiHepanax, KpiMm
[IUJTBOBUX PEYOBHH, MICTATHCS IOMIIIKK, 0arato 3 SIKMX 3aJIMIIAIOThCS B CKIani Qocdorimncy.
OCKUIbKM BOHM € PO3YMHUMH Y BOJI 1 JIETIOUMMH, TO B CE30H JIOILIB ILli PEUOBMHHU BHUMHUBAIOTHCS
JIOIIOBOIO BOJIOKO 1 MOTPAIUISIIOTh y BOJOHOCHI TOPH30HTH, @ 3BIATH - B MPOAYKTH CIIOKUBAHHS.
OCHOBHUMHM JIOMIILIKaMH, 110 MICTATbeA B ¢ocdorinci, € docharu 1 Gropuam, yacto y dopmi
BUIBHUX KHUCJOT - (pochopHOi 1 IIIaBUKOBOI. 3riIHO 3 JaHUMHU XIMIYHOI'O aHaji3y B B1IBAJIbHOMY
¢docdorinci moxxe mictutucs Outbie 1% 3amumkoBux ¢ocdaris i 6inbme 0,5% - ¢ropunis. Sk
BUILJIMBAE 3 Ha3BH, Qocdorinc - e cynbdar Kajablilo, XIMIYHUN aHAJIOT HNPUPOJHOTO TIIICOBOIO
KaMEHIO, 3 SIKOTO BUPOOJISIIOTH TINCOBI B'SKydl pedOBUHH. 31aBajiocs O, caMUM palliOHaJIbHUM
crocoboM ytumizauii gocgoriney, siK BIIXOAy, € nepepodka HOro Ha rircoBy BSDKydy pPEUOBHUHY,
TaK caMo SIK 3 IPUPOAHOI cUpoBHHU [1-2]. Ane, Ha aJyib, TAKUN NPSAMHUNA MiAXiA HE CHOPALOBYE 1
Ha Te € ABl npuuuHH. [lepma npuuyuHa - po3mip yactok ¢ocdorincy. Y mnpoueci yTBOPEHHs
docdorinc popmye npiOHI KpUCTATH YaCTO TOTYACTOI 1 MIaCTHHYACTOI popMu. SIKIIO nmepepodutu
(docdorirnc 3a TEXHONOTI€L0, SIKa 3aCTOCOBYETHCA JJIsi OTPUMAHHS TiICy 3 IPUPOJHOI CUPOBUHHU, TO
oTpuMaHuil MaTepiai Oyne MaT B 2 ... 3 pa3u Ouiblly BoAonoTpely, MOPIBHAHO 3 MaTepiajJoM Ha
OCHOBI NPUPOAHOI CUPOBUHU. BilMoBiAHO, MiCis 3aTBEPAIHHA MU OTPUMA€EMO IUTYYHUN KaMiHb 3
HU3bKOIO MIIHICTIO Ta BEJIMKOIO YCAJKO, SIKMM OyJie CXWIBHUM 10 po3TpickyBaHHA. Tomy s
oTpuMaHHs 3 (Qocdorincy OymiBeTpbHOTO MaTepialy 3 BHCOKHMH €KCIUTyaTallliHUMHA
XapaKTepUCTUKAMU JIOBOJUTHCS BHUKOPHCTOBYBATH CIIELialbHI METOJM MEpepoOKH, siki Habarato
nopoxue. /Ipyra mpuunHa - TOKCHYHI CHOJYKH, TaKi K 3aJUIIKA KUCIOT (cipyaHoi, pocdopHoi i,
110 HalHeOe3MevHile, MIaBUKOBOI0) 1 JOMIIIKH BOXKKUX 1 TOKCHYHMX METamiB. TakoX B JEAKHX
BUax Gochorincy MiCTAThCS palioaKTHBHI €JIEMEHTH CIMEHUCTB ypaHy 1 Topiro. L{inkoM mpuposHo,
10 TAKMHA TOKCUYHUHA IPOAYKT 3a00pOHEHUH 10 6e310cepeIHbOr0 3aCTOCYBaHHS y Oy1iBHULTBI.

OnTUMalbHUM BUPIMICHHSIM TpoOsieMu 1mepepoOku (ocdorimncy, mo MA03BOJSE TOI0JIATH
3a3Ha4yeHl MEePEenIKoa, € TMIPOBEJACHHS MOBHOI MEepeKpUcTalizaiii AByTipaTya cyjibdaTa Kabllifo,
TOOTO MepeKpHUCTai3allisl uepe3 MoBHEe po3urHeHHs. Takuil miaxia 103BOJISE SIK OTPUMATH Cyibdar
KaJIbIlit0o B (OpMi BEIMKHUX KpPHCTaiB, Tak 1 €(PEKTUBHO OYUCTUTH (ocdorine BiJ TOMIIIOK.
TexHosorist MepepoOKH CKIAAAEThCS 3 JIBOX CTafii: mepma craais — BuiaydeHHs 90 ... 95%
docdorincy y BUTIAII 4YUCTOTO CcynbdaTy Kajbllifo; JApyra - TigpoMeTanypriiiHa mnepepoOka
OTPUMAHOTO KOHIIEHTPATY, B PE3yJIbTaTi SIKOT OTPUMAEMO OKpPEMi OKCH]IU, CKJIAJ] 1 CTPYKTypa SIKUX
3aJIeKUTh BIJl BHIY 1 KUIBKOCTI JoMimok y ¢ocdorinci. KiHueBum mnpoaykToMm mepmoi crasuii
nepepoOKH MOXKYTh OyTH Taki MaTepiaid sK TillcoBa B'sDKydYa PeYOBHHI MiABHIIEHOI Oinn3Hu (600
. 650 xr 3 ToHH GOCHOTINCY), CHHTETUYHUN TOHKOJIUCIIEPCHUH KaJIbIUT - HAIIOBHIOBAY TSl (hapo,
wractMac, mmnakmBok (550 ... 600 kr 3 ToHM mepepobieHoro ¢ocdorincy), OKCHA KaJbIio
(aeramene BarmHO, 300 ... 350 kr 3 TOoHU (hocdorincy) ado rixpokcu Kabllito (rameHe BamHo, 400
.. 450 xr 3 ToHM (ocdorincy

OtpumaHi TakuM crocoboM mepepoOku ¢Gocdorincy marepialidi MOXYTh OYTH IIHPOKO
BUKOPUCTaHI B OYIiBHHUIITBI, HAaNpHKIAJ, B CKIaai CyXMX OymiBeNnbHHX cyMmimed i ¢ap0, mpu
BUTOTOBJICHHI T1IICOKapTOHY, TIICOBUX Ma30rpeOCHEBUX TUIUT TOIIO.

1. Tymanmekuit A. M., Mamuk 1O. O., MansoBanunit M. C., Bonikosa H. M. Kommekcra nepepobka ¢ocdoproi
cuUpoBUHH YKpainu // XiMmidaa npomucioBicTs Ykpaiam. Ne 1. K., 1998. C. 8—39.

2. Yepssaxos I0.M., [T'sturopceka H.I., Cynpyn JI.A. BigBameHmii ocdorinc Sk CHpOBHHA MPH BUTOTOBJICHHI
OyaiBenbHUX MaTepiaiiB / Marepiaii HayKOBO-TIPAKTUYHOTO ceMinapy "T'ilc, TEeXHOTEHHUIA Tirc, BUPOOU Ha OCHOBI
rircy i IX BUKOpUCTaHHS B )KUTI0BOMY OyniBHuUTBI". — K., 2004. — C. 52-59.
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Phosphogypsum is a man-made product obtained by acid processing of minerals containing
calcium phosphates (apatites, phosphorites). These minerals, in addition to the target substances,
contain impurities, many of which remain in the phosphogypsum. Due to the acidic environment
stored in the phosphogypsum massif, and despite washing with water, these impurities have an
active form - they are soluble in water and volatile. Thus, during the rainy season, these substances
are washed away by rainwater and fall into aquifers, and from there - into consumer products. The
main impurities contained in phosphogypsum are phosphates and fluorides, often in the form of free
acids - phosphoric and hydrofluoric. According to chemical analysis, dump phosphogypsum may
contain more than 1% residual phosphates and more than 0.5% fluorides. As the name suggests,
phosphogypsum is calcium sulfate, a chemical analog of natural gypsum stone that is used to make
gypsum binders. It would seem that the most rational way to dispose of phosphogypsum as waste is
to process it into a gypsum binder using the same technology that is used for natural raw materials.
Unfortunately, this direct approach does not work, for two reasons. The first reason is the particle
size of phosphogypsum. In the process of formation, phosphogypsum forms small crystals, often
needle-shaped and lamellar. If you process phosphogypsum according to the technology used to
obtain gypsum from natural raw materials, the resulting material will have 2 ... 3 times more water
consumption compared to the material based on natural raw materials. Accordingly, after curing we
will get an artificial stone with low strength and high shrinkage, which will be prone to cracking.
Therefore, to obtain from phosphogypsum building material with high-performance characteristics
have to use special processing methods, which are much more expensive. The second reason - toxic
compounds such as acid residues (sulfuric, phosphoric, and, most dangerously, hydrofluoric) and
impurities of heavy and toxic metals. Also, some types of phosphogypsum contain radioactive
elements of the family's uranium and thorium. It is natural that such a toxic product is prohibited for
direct use in construction.

The optimal solution to the problem of processing phosphogypsum, which overcomes these
obstacles, is the complete recrystallization of calcium sulfate dihydrate, ie recrystallization through
complete dissolution. This approach allows you to get calcium sulfate in the form of large crystals,
and effectively clean phosphogypsum from impurities. Processing technology consists of two
stages: the first stage - extraction of 90 ... 95% of phosphogypsum in the form of pure calcium
sulfate; the second - hydrometallurgical processing of the received concentrate as a result of which
we will receive separate oxides which components and structure depend on a kind and quantity of
impurity in phosphogypsum. The final product of the first stage of processing can be such materials
as gypsum binder (600 ... 650 kg from a ton of phosphogypsum), synthetic fine calcite - a filler for
paints, plastics, putties (550 ... 600 kg from a ton of processed phosphogypsum), calcium oxide
(quicklime, 300 ... 350 kg per ton of phosphogypsum) or calcium hydroxide (slaked lime, 400 ...
450 kg per ton of phosphogypsum).

The materials obtained in this way of processing phosphogypsum can be widely used in
construction, for example, in the composition of dry construction mixtures and paints, in the
manufacture of gypsum board, gypsum grooved boards, and the like.

1. Humnytskyi Ya. M., Malyk Yu. O., Malovanyi M. S., Volikova N. M. Complex processing of phosphorus raw
materials of Ukraine // Chemical industry of Ukraine. - Ne 1. - K., 1998. - P. 8—9.

2. Cherviakov Yu.M., Piatyhorska N.I., Suprun L.A. Dump phosphogypsum as a raw material in the manufacture of
building materials // Materials of the scientific-practical seminar "Gypsum, man-made gypsum, gypsum-based
products and their use in residential construction”. — K., 2004. — P. 52-59.
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[linBuieHHsT BOJOHEMPOHMKHOCTI OyJIBETbHUX KOHCTPYKIIH BCE 4YaCTIIE CTae
NPIOPUTETHOIO MPOOJIEMOI0, Ky MOXKHA BHUPILIMTH 3a PaXyHOK BHKOPHCTAHHS II€MEHTHHX
po3unHiB. Ha chOromHi NEPCHEKTHBHUM HANpPSMOM IIOKPAIICHHS BIACTHBOCTEH IEMEHTHHUX
KOMIIO3ULIHUX MaTepiajliB € BUKOPUCTaHHS HAHOTEXHOJIOTIH, B SKHUX 3aCTOCOBYIOTh PEUMBHHU
posmipamu 10°m [1]. s po3unHiB, sKi B 3aTBEpAIIOMY BHTIISAI € TOHKOIIAPOBHMHU HOKPHTTAMH,
3 yCiX iICHYIOUMX Ta JAOCIHIPKEHUX HAHOOO €KTIB JOLIILHUM BOAYA€THCS 3aCTOCYBAHHS BYIJICLIEBUX
HaHOTPYOOK 3aBJSIKM iX YHIKQJIbHO BHUCOKUM (Di3UKO-MEXaHIYHUM XapaKTEpPUCTUKAM Ta 3HAYHIN
NOBEpXHEBil eHeprii [2].

Merta pocnipkeHHST - BH3HAYEHHS OCOOJIMBOCTEM BHKOPHCTAHHS HAHOMOJIM(DIKOBAHUX
LIEMEHTHO-TIOJIIMEPHUX PO3YHMHIB JJISl BIAHOBJIECHHS, T1APOi30JsLii OETOHHUX CHOPY.

Po34unHN BHTOTOBISIOTH y BUTIIAAI JABOKOMIIOHEHTHOI CYMIMIi, SIKa CKJIAQNAEThCA 3 CyXOi
YacTUHM (IIJTAKOMICTKUN IIEMEHT, (PpakLiOHOBaHHWM IICOK, aTIOMOCHIIIKaTHA 100aBKa) Ta PiaKoi
yacTMHM (Aucrepcis IuiacTudikaTopa MelnaMiH(QOPMaNBIETIIHOTO THUILy 3  BYIJIELIEBUMHU
HaHOTpyOkamu) [3]. TexHoorist BiiHOBIEHHs OyiBEIbHUX KOHCTPYKIIM BKIJIIOYA€ MPUTOTYBAHHS
JBOKOMIIOHEHTHOI CyMillli Oe3Mocepe/lHbO Iepesl BUKOPUCTAHHSAM Y KIJIbKOCTI, HEOOXIIHIM AJis
nokputTs 1,0-1,5 M? mtomi Ta caMoro Ipolecy HaHeCeHHs Ha MOBEPXHIO 6eToHy (puc.1).

Puc.1. - TexHomoris HaHECEHHS T1APOI3OIAIIMHOTO PO3YMHY: a) BUXITHA KOHCTPYKIIis; 0) Tporiec
HAHECEHHS MOKPUTTSI; B) BIIHOBJICHA MOBEPXHS KOHCTPYKITIT

OcoOnMBICTIO HaHECEHHS PO3UMHY € HEOOXiJHICTh MOMEPeTHHO 3BOJIOKHTH TOBEPXHIO Ha
rbuHy 3-5 MM, peTtenbHe 1i OYUMCTHTH, Ta BUAAIUTU ci1alOKki yacTUHKU. [lepimuit map po3uuny,
SIKUM HAaHOCSTH IIMareneM, mae OyTu TOBIIMHOIO 3-5 mM. Ilicns 3atBepaiHHs MOKpHUTTA depes 10-
12 romuH HOTO HEOOXIMHO 3BOJIOKHTH, Ta MOTIM HAHOCUTH IPYTHUH IIap TOBUIMHOK 2-3 MM.
BukopucraHHs BiJIpPEMOHTOBAHOI Ta 130JIbOBaHOI KOHCTPYKLIi MoOXHa d4epe3 7-8 mib micns
3aTBEpAIHHS PO3UHHY.

Otpumanuii HaHOMOU(IKOBAHUN MaTepiall XapaKTepU3yeTbCS TaKUMH EKCIUTyaTalliitHUMHU
BJIACTUBOCTSAMHM: MIIHICTIO Tpu CTUCKY 35...49 MIla, xkoedillieHTOM BOJOIOTIMHAHHS
0,018...0,021 xr/m*~rom, axmresiero 1,5...2,0 MIla, BogoHenponukHictio 0,74...0,87 Mlla,
KOPO31MHOI0 CTIWKICTIO B cynbdaTHOMy cepenoui 0,73...0,92, mopo3zocTiiikicTio 10 200 1uKIIiB
[3].

1. Middendorf B. Macro- Micro- Nano- Nanotechnology for development of binder and concrete .BFT. 2005. Ne 2.
P.16-17.

2. CyxaneBnd M.B. IlpuHIHNM KOMIO3UHIHHOI MOOYIOBU TiAPOI3OIAMIHHUX MaTepiajiB HAa OCHOBI IIEMEHTIB,
Moan(iKoBaHMX MIKpO- Ta HaHOJOOaBkaMu. bymiBenmsHI MaTepiamu, BUpoOW Ta caHiTapHa TexHika. - Bum.58. -
2017. - C.149-157.

3. Pushkarova K. Using of untreated carbon nanotubes in cement composition / Pushkarova K., Sukhanevych M.,
Marsikh A. // Materials Science Forum. — Trans Tech Publications, Switzerland, 2016. — Vol. 865. — P.6-11.
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Increasing waterproofing building structures increasingly becomes a priority problem that can
be solved by using cement mortars. Today, a promising direction for improving the properties of
cement composite materials is the use of nanotechnologies in which the gates are used in size 10°m

[1].

For solutions, which in hardening form are thin-layer coatings, from all existing and
investigated nanobjects it is expedient to use of carbon nanotubes due to their uniquely high
physical and mechanical characteristics and significant surface energy] 2].

The purpose of the study is to determine the features of the use of nanomodified cement-
polymeric mortars for the recovery, waterproofing of concrete structures.

The mortar are manufactured in the form of a two-component mixture consisting of a dry part
(slag cement, fractionated sand, aluminosilicate additive) and a liquid part (dispersion of
melamine-formaldehyde type plasticizer with carbon nanotubes) [3].

The technology of recovery of building structures includes the preparation of a two-
component mixture directly before use in an amount required to coating 1.0-1.5 m? of the area and
the process itself to the concrete surface (Fig. 1).

Fig. 1. - Technology of applying a waterproofing solution: a) the initial design; b) the coating
process; c) the restored surface of the construction

The peculiarity of application of the mortars the need to pre-moisturize the surface to a depth
of 3-5 mm, thoroughly cleaned it, and remove weak particles. The first layer of a mortar is applied
with a spatula should be a thickness of 3-5 mm. After hardening the coating in 10-12 hours it needs
to moisturize, and then apply a second layer of 2-3 mm thick. The use of a repaired and insulated
design can be 7-8 days after hardening of the mortar.

The resulting nanomodified material is characterized by the following operational properties:
compression strength 35 ... 49 MPa, a water absorption coefficient of 0.018 ... 0,021 kg/m?-h,
adhesion 1,5 ... 2.0 MPa, waterproofness 0,74 ... 0,87 MPa, corrosion resistance in a sulfate
medium 0.73 ... 0.92, frost resistance to 200 cycles [3].

1. Middendorf B. Macro- Micro- Nano- Nanotechnology for development of binder and concrete. BFT. 2005. No.
2.P.16-17.

2. Sukhanevich M.V. Principles of composite construction of waterproofing materials based on cements modified
by micro and nano-alignment. Building materials, products and sanitary equipment. - Vyp.58. - 2017.- p.149-157.
3. Pushkarova K. Using of Untreated Carbon Nanotubes in Cement Composition / Pushkarova K., Sukhanevych M.,
Marsikh A. /I Materials Science Forum. - Trans Tech Publications, Switzerland, 2016 - Vol. 865. - P.6-11.
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KoxeHn pik Bce Ouibllie po3MIMPIOEThCA cepa 3aCTOCYBAHHS LUIAKOMOPTIAHILEMEHTIB MU
BUPOOHHUITBI 30IpHOTO 1 MOHOJITHOTO 3aii300eToHy. OJHAaK, OJHUM 3 3aTPUMYIOTh YMHHHKIB
TaKOTO 3aCTOCYBaHHS OCTOHIB Ha IUIAKOMOPTIAHILEMEHTI, € HOro MOpo3ocTiikicTh [1]. beronu Ha
OCHOBI IUTaKOMOpTIaHANEMEHTY BUTpUMYIOTH 50...100 1IUKIIIB 3aMOpOXYyBaHHs 1 BiJTaBaHHS.
Tomy, 3 ogHOrO 00KY, 0OMEXYIOTh 3aCTOCYBaHHS TAKUX IIEMEHTIB JIJIs1 BUPOOIB 3 MOPO30CTIMKICTIO
6etony mapok 1o F75...100, abo m03BONSAIOTH 1X 3aCTOCYBaHHS JJIsl OLBII BUCOKHX 3HAYEHb MApOK
[0 MOPO3OCTIMKOCTI MpHU YTPUMaHHI HUIaKy B LUIakonopTiaaHauemeHnti He Ounbie 30...35%; 3
1HIIOTO OOKY € B1IOMOCTI IIPO MOYKJIMBICTh OTPUMAaHHS OETOHIB Ha TaKMX LEMEHTaX 3 MapKoo I0
Mopo3socTiiikocti F500 1 6inbmre. Ilpote, 3a3BU4aii, MIIaKONOPTIAHALIEMEHT HE PEKOMEHIYIOTh JUIs
BHPOOIB 1 KOHCTPYKIIIN, IO MPAIlOIOTh B OCOOMMBO cyBopux ymoBax. OmHak, copMoBaHa B
nporeci rizgparanii TOHKOJMCIIEPCHA CTPYKTypa ripaTHUX HOBOYTBOPEHb
LUIaKOMOPTIaHILIEMEHTa, CHpUs€ 3MEHIICHHIO KalUIIpHOI MOPUCTOCTI 1 3POCTaHHS pPE3EPBHOI
MOPUCTOCTI, 1110, B IIIJIOMY, MO MOCIIPHUATH ITiIBUIIICHHIO TTOKa3HUKA MOPO30CTiiikocTi [2].

Jl1s oTprMaHHS B'sKYy401 PEYOBUHM 31 3MIHHUM BMICTOM I'PaHyJIbOBAaHOTO JIOMEHHOI'O LIJIAKY
("Adl) 1 cknomopomky (CII) B SKOCTI CHUPOBUHHUX KOMIIOHEHTIB BHKOPUCTOBYBAJH:
noptnananement [111 1-500-H, T'JILL, 6iit TapHOTO cKia, 106aBka momidyHkiionansroi aii — Coral
N-4. TBepaiHHA CTaHIAPTHUX 3pa3KiB 3JIHCHIOBAJIOCS B KaMmepl INpH HOPMAJIbHUX YMOBax
npoTsirom 2, 7 1 28 ni6. Mopo3ocTiiikicTs 6eToHHHX 3pa3kiB BuzHavanu 3a JJCTY b B. 2.7-49-96 3a
npuckopeHor Meroaukoro (111 meron) B aBromMaTnyHil xosoauibHil kamepi YTHU-175-X-1/-20-50.

B pesymprari  mpoBeNEeHHMX ~ JOCHIDKEHb  IOKAa3aHO, IO  BBEACHHS  J00aBKHU
nonidynkmionansHoi aii — Coral N-4 (0,2%) i ckIomopoIiKky B onTUMalbHIN KiTbKOCTI — 5% J10
CKJIa/y NUIAKOMOpTIaHIeMeHTy, skuii mictuth 40% TJIIL (puc. 1, 6), mopiBusiHO 3 20% "I
(puc. 1, a), 3abe3meyye YyTBOPEHHS MIHIMAIBHOI KUIBKOCTI JIbOAY TIPH OXOJIO/DKEHHI [0
Temnepatypu -25°C — 10 4,6 T/0m%; ipu oxonomkerHi 10 Temmnepatypu -20°C — 10 2,8 r/om; npu
oXoNnokeHHi 10 Temmepatypu -10°C — 0,1 T/0m°, mo 3yMOBIEHO 3MEHIIEHHAM 00’ €My
KalmuIsspHUX Mop Marepiany. [lpu 3a3HaueHHX TeMIepaTypax OXOJOJKEHHS BIIIOBIIHI 3HAYCHHS
JHOI0YTBOPEHHS BiANOBiAar0Th 400 «CTaHIapTHUMY ITUKJIAM MOPO30CTIHKOCTI OETOHY.
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Puc. 1. — JIbonoyTBOpeHHSs Ta MOPO3OCTIHKICTh OETOHY Ha OCHOBI IITAKOTIOPTIIAHATIEMEHTY 3 BMICTOM
ONTHUMAJTLHOI KUJTBKOCTI CKIIONOPOIIKY (5%) 1 100aBku nomidyHkiionasHoi aii — Coral N-4 (0,2%) ta
"I B kutekocTi, %: 20 (a); 40 (6) 3a5eKHO Bl TEMIIEpaTypH Ta pO3MIPY KalIIPHUX TIOP.

Bucoki moka3HHKH MOPO3OCTIMKOCTI CBiTYaTh MPO JOBIOBIUHICTH OTPUMAHHUX OETOHIB, SIKI MOXYTh
OyTH PEeKOMEHJIOBAHI JIIs1 OTPUMAaHHS OSTOHIB CIIEIIaATbHOTO TIPU3HAYCHHS.

1. l'opuakos I".11.. TToBbIIIeHEE MOPO30CTOUKOCTH OETOHA B KOHCTPYKIIHSIX IPOMBIILICHHBIX U THAPOTEXHIYSCKUX COOPYKESHUH /
I". I'opuakos, M.M. Kankun, b.I'. Ckpamraes. — M.: Crpoiinzzar.

2. Tposin B.B. MonemoBannst Mmopo3ocriiikocti 6etoHy / B.B. Tpost, H.O. Cosa / ByniBenbsHi Martepiani, BUpOOH Ta cCaHiTapHa
texuika. — 2013. — Bur. 49. — C. 139-144.
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Every year the scope of application of slag Portland cements in the production of precast and
monolithic reinforced concrete is expanding. However, one of the delaying factors in the use of
concrete on slag Portland cement is its frost resistance [1]. Concretes based on slag Portland cement
can withstand 50...100 cycles of freezing and thawing. Therefore, on the one hand, limit the use of
such cements for products with frost resistance of concrete grades to F75...100, or allow their use
for higher values of grades on frost resistance when the slag content in slag Portland cement is not
more than 30...35%; on the other hand, there is information about the possibility of obtaining
concrete on such cements with the frost resistance brand F500 and more. However, slag Portland
cement is usually not recommended for products and structures operating in particularly harsh
conditions. However, formed in the hydration process, the fine structure of hydrated neoplasms of
slag Portland cement, reduces capillary porosity and increases reserve porosity, which, in general,
can increase frost resistance [2].

To obtain a binder with a variable content of granular blast furnace slag (GBFS) and glass
powder (SP) as raw materials used: Portland cement PC 1-500-H, GBFS, battle tare glass, additive
multifunctional action — Coral N-4. Curing of standard samples was carried out in a chamber under
normal conditions for 2, 7 and 28 days. Frost resistance of concrete samples was determined
according to DSTU B B. 2.7-49-96 by the accelerated method (I1l method).

As a result of the conducted researches it is shown that introduction of additive of
polyfunctional action — Coral N-4 (0.2%) and glass powder in optimum quantity - 5% to structure
of slag Portland cement containing 40% GBFS (fig. 1, b), in comparison with 20 % GDSH (fig. 1,
a), provides the formation of a minimum amount of ice when cooled to a temperature of -25 °C up
to 4.6 g/dm®, when cooled to a temperature of -20 °C — up to 2.8 g/dm® when cooled to a
temperature of -10 °C — 0.1 g/dm?, which is due to a decrease in the volume of capillary pores of
the material. At these cooling temperatures, the corresponding values of ice formation correspond to
400 "standard" cycles of frost resistance of concrete.
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Fig. 1. — Ice formation and frost resistance of concrete based on slag Portland cement with the
content of glass powder (5%) and additives — Coral N-4 (0.2%) and GBFS in the amount of %:
20 (a); 40 (b) depending on the temperature and size of the capillary pores.

High levels of frost resistance indicate the durability of the resulting concrete, which can be
recommended for special purpose concrete.

1. Gorchakov G.l. Increasing the frost resistance of concrete in the construction of industrial and hydraulic
structures / G.I. Gorchakov. M.M. Kapkin, B.G. Ckpamraes. — M.: Stroyizdat.

2. Troyan V.V. Modeling of frost resistance of concrete / V.V. Troyan, N.A. Sova // Building materials, products
and sanitary ware. — 2013. — Vol. 49. — P. 139-144.
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JocaigeHHs1 TEPMIYHOT0 PO3KJIaAy KApOOHATHOI IMXTH TA NpoueciB popmyBaHHS
KepaMiKH cneniajibHOro Npu3HavYeHHsl.

Baoum Kyniuenko, x.x.H., 0oyenm Kageopu ximii,
Temsana Bimoseybka, x.x.H., doyenm Kagheopu ximii,
Onexcin Pesa, cmyoenm

Kuiscoxuii nayionanvnutl ynisepcumem 6yoienuymea i apximexkmypu (m. Kuig)

Hanopo3mipHa kepamika Ha OCHOBI MEPEXITHUX METATIB € MEPCHEKTUBHOIO 3aBISKH CBOIM
BaXUIUBUM (Pi3uKO-XiMIYHUM BiiacTHBOCTSIM [1]. CkiamHi OKCHIM HA OCHOBI PiIKICHO3EMEIbHUX
HIKeJaTiB OyJIM CHHTE30BaHI €KOHOMIUYHO €()EeKTMBHHUM METOAOM CHUIBHOrO ocakeHHs. s
[IPUTOTYBAHHS PO3YMHIB MU BHUKOPHUCTOBYBAJIM HITPATU SK BUXiIHI peuyoBHHHU. [y OocaJKEeHHs
BukopuctoByBanu 0,25 M po3unn K2COs. Mu BUBYaIM NPOIECH CITIBOCAHKEHHS 32 JIOTIOMOTOIO
MozenbHOI cymim poszunnis La(NO3)3 ta Ni(NO3)2. CiBBifHOImEHHsS Mixk KoHIeHTpaismu La®" i
Ni%* cramosumo La®*: Ni?* = 3:2, nns 3aransnoi kornentpanii [La® *] + [Ni?*] = 0,1momns/m.

[Toka3aHo, 1m0 MOBHE oOca/keHHs 10HIB MertaiiB po3umHoM KoCOs nocsraerbes npu
MOJIIPHOMY BIJHOIIEHHI CyMH OCA/)KyBaHUX 10HIB 0 ocajkyBada n = 1,75 B iuTepBami pH =
10-10.2. [y npuroTyBaHHS CyMIllli pO3YMHU 3MilTyBaiu (IIPU HEOOX1THUX CHIBBIJHOIICHHSX) Y
XIMIYHOMY CTaKaHi 3a JIOTIOMOT'OI0 MarHiTHOI MillIaJKH.

o noOpe mepemMilryBaHOTO PO3YHMHY IIBHAKO JI0JAaBaM HEOOXIIHY KUIBKICTh OCa/KyBaua.
[TotiMm Bcro cymim mepemimryBanu mpotsiroM 1-2 roxa. KompenwmmiToBaHi ripookcokapOboHaTH
BUTPUMYBAJIM IPOTATOM 3 JIHIB JJIs CTapiHHA ocaay. Ilicis nporo anamizyBajid CTYMiHb OCAIKEHHS
ioHiB MmeramiB. IloTiM ocaa BiAQUIBTPOBYBAIM, NMPOMUBAIM JUCTHIHLOBAHOI BOJOI0, BOJHO-
alleTOHOBOIO cyMilIo 1:1, 1 cymmiaM Ha NOBITPI.

Bucymeny cymim nignaBanu tepMiutiii 06po06ui npu 900 °C npotarom 10 rox. Ilicns mporo
MPOAYKT MOJAPIOHIOBAIM, NMpecyBald B TaOJETKH 1 MPOXKaproBaJIM Ha TOBITPI MPH TeMIeparypi
1000°C mpotsarom 8 roa. IToTiM OKCHAM OXOJIOMKYBaJIM 10 KIMHATHOI TEeMIEPaTypH B JTyXOBII.
KombinoBani TepMorpaBiMeTpuyHi Ta [Y-CHEKTpOCKOMIYHI JOCHI/KEHHS MOKa3aiu, 10
PO3KJIaJIaHHs CyMIilll BiIOYBAEThCS B Takli TpW cTajii: 1 - po3KiIamgaHHs T1APOOKCOKApOOHATHHUX
Ipym, IO CyNpOBOKYyeThcsi BTparoro Boau Ta CO2, mpu 150-160°C; 2 - poskiagaHHs
KapOOHAaTHUX TPYI, IO CYMPOBOMKYeThcsl BTpaTtoro CO2, mpu 450-460°C; 3 - kpucramizailis B
nianaszoni Temmeparyp 880 +900 °C.

BpaxoByroum pe3ysbTaT IUX JOCIIKEHb, MU 00palii TeMIiepaTypy npoxkapioBanas 1000°C
Ui cuHTe3y 3paskiB. Cywim mpoxaproBaiu npoTsrom 10 rox y turisx 3 amyHnay. TaOmerku
MIPOKAPIOBAIIM MPOTATOM 8§ TOJ.

3riflHO 70  EJNEeKTPOHHO-MIKPOCKOMIYHUX  JOCHI/KeHb,  PO3MIp  CHIBOCAKEHHX
MIKPOKPHUCTAJIIB CTAHOBUTH K1JIbka HAHOMETPIB, IO MOSICHIOE BUCOKY PEaKIiiHY 3[aTHICTh IHUXTH.
Takum 4MHOM, METO/I0M, ONMCAaHUM BUILE, MO’KHA OTPUMATH HAHOPO3MIpHY LIMXTY, L0 J03BOJISE
CHUHTE3YBaTH CKJIQ/IHI OKCHJIH 3a KOPOTIIUHI Yac 1 3 MEHIIIOI0 TeMITepaTyporo TepMooOpoOku. Takox
MOKHA CHHTE3yBaTH HECTiMKi (a3u NpH BHUCOKUX TEMIIEpaTypax, sIKIi MOXYTh PpO3KIagaTHCS
MPOTSATOM TPUBAJIOTO Yacy Biamany [2].

BceraHoBneHO, 110 MOBITPSHO-CyXa CYMIII HE € MEXaHIYHOI CYMIILIIII0 TiIPOKCHAIB Ta
TIPOOKCOKApOOHATIB OCA)KEHUX METalliB, PO3KJIaJaHHs Cywilll BiOyBaeThCcsi 0€3 yTBOPEHHs
MPOMDKHUX OKCH/IIB.

CyMiCHOOCaKEHY IIMXTY MOXKHA PO3TIISIIATH SIK CKIIAJHY TOJIMEPHY CUCTEMY 3 BOJHEBHMU
3B’si3kaMu. Po3man 1€l cywimi IpuU3BOIUTE 10 MEPEepO3MOiTy 3B'S3KiB, ane He 10 Audy3HUX
MIPOIIECiB 3 YTBOPEHHSM NPOMIKHUX (a3.

1. Mohammad Ali Nowroozi, Kerstin Wissel, Manuel Donzelli et al. High cycle life all-solid-state fluoride ion
battery with La;NiOs-q4 high voltage cathode// Nature. Commun. Mater. — 2020. - N27. - P.1-16.

2. Serena Esposito. “Traditional” Sol-Gel Chemistry as a Powerful Toolfor the Preparation of Supported Metal and
MetalOxide Catalysts//Materials. - 2019. — N12. - 668.
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A study of the carbonate batch thermal decomposition and the formation of special
purpose ceramics.

V. Kulichenko, Ph.D., Associate Professor of the Department of Chemistry
T. Vitovetska, Ph.D., Associate Professor of the Department of Chemistry
O. Reva, Student

Kyiv National University of Construction and Architecture

Nano-sized ceramics based on transition metals are promising due to their important
physico-chemical properties [1]. Nano-sized crystallites of complex rare earth nickelates were
synthesized by cost effective co-precipitation method. To prepare solutions, we used nitrates as
starting substances. A 0.25 M solution of K2CO3 was used for the precipitation. We studied the
coprecipitation processes using a model mixture of La(NOs)s and Ni(NOs3)2 solutions. The ratio
between the La®* and Ni?* concentrations was La**:Ni?* = 3:2, for the total concentration [La%"] +
[Ni?*] = 0.1 M.

It was shown that a complete precipitation of metal ions with K2COs solution is achieved at
a molar fraction of the sum of precipitated ions with respect to the precipitator n = 1.75 in the range
pH = 10-10.2. To prepare the blend, the metal solutions were mixed (at the required ratios) in a
beaker using a magnetic mixer. The required amount of the precipitator was quickly added to the
well-stirred solution. Then the whole mixture was agitated during 1-2 h.

The coprecipitated hydrooxocarbonates were held for 3 days to age the precipitate. After
this, the degree of metal ion precipitation was analyzed. Then the precipitates were filtered off,
washed in distilled water, a 1:1 water-acetone mixture, pure acetone and dried in air.

The dried blend was exposed to thermal treatment at 900 °C for 10 h. After this it was
ground, pressed into pellets and calcined in air at 2000 °C for 8 h. Then the blend was cooled down
to room temperature in the oven. The combined thermogravimetric and IR-spectroscopic studies
showed that the decomposition of the blend proceeds in the following main three stages:

1 — decomposition of the hydrooxocarbonate groups, accompanied by a loss of water and
carbon dioxide, at 150-160°C;

2 — decomposition of the carbonate groups, accompanied by a loss of COz2, at 450-460°C;

3 — crystallization in the 880—900 °C temperature range.

Taking into account the results of these studies, we have chosen a calcination temperature of
1000 °C for the sample synthesis. The blend was calcined during 10 h in alundum crucibles. The
pellets calcined during 8 h.

According to electron microscope studies, the size of the co-precipitated microcrystals is
several nanometers, which explains the high reactivity of the blend. Thus, by the method described
above, it is possible to obtain a nanoscale co-precipitated blend, which allows to synthesize the
complex oxides in a shorter time and less heat treatment temperature.

Also it is possible to synthesize the unstable phases at high temperatures, which can
decompose over prolonged annealing times [2].

It is established that the air-dry blend is not a mechanical mixture of hydroxides and
hydroxocarbonates of precipitated metals, the blend decomposition occurs without the formation of
intermediate oxides.

A co-precipitated blend can be considered as a complex polymer system with hydrogen
bonds. The decomposition of this blend cause to a redistribution of bonds, but not to diffuse
processes with the formation of intermediate phases.

1. Mohammad Ali Nowroozi, Kerstin Wissel, Manuel Donzelli et al. High cycle life all-solid-state fluoride ion
battery with La;NiOa.q4 high voltage cathode// Nature. Commun. Mater. — 2020. - N27. - P.1-16.

2. Serena Esposito. “Traditional” Sol-Gel Chemistry as a Powerful Toolfor the Preparation of Supported Metal and
MetalOxide Catalysts//Materials. - 2019. — N12.- 668.
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Oco0MBOCTI OTPUMAHHA 0€TOHIB MiIBUIIEHOI TPIIIMHOCTIHKOCTI AJI51 JOPOKHIX
CTPUMYBAJIbHUX KOHCTPYKIIiii.

Mapuna Kouesux, xano.mexH.nayx, ooyeHm Kageopu 6yodigenrbHux mamepianis,
Anacmacia Illeeuenko, cmyoenm

Kuiscokuil nayionanvuuu ynisepcumem oyoisnuymea i apximexkmypu (m. Kuis)

BaxuuBy poinb y mumpokomacmTabOHOMy OyIiBHHITBI aBTOMOOUIBHHMX JOPIT BiIIparOTh
CTpPUMYBaJIbHI TPAHCHOPTHI CUCTEMH, SIKI 3a0€3MeUy0Th 3HW)KEHHS PU3UKY aBapiiiHMX CUTYyauii
IIPU BiJIBEICHHI 3'T3/1y TPAaHCIIOPTHOIO 3ac00y y HeOe3MeuHy 30Hy Ta 3MEHILYIOTh iX Hacmiaku. s
CTPUMYBAJIBHUX CHCTEM YaCTO 3aCTOCOBYIOTH CTAaI[ilOHAPHI OTOPOJHKEHHS MapareTHOTO THITY, Cepell
AKUX €(PEKTUBHUMU € JIOPO’KHI OETOHHI BUpPOOM 3 mepepizoM y Burisai tpaneuii (mpodins «Heko
Jxepci»). OCHOBHMMHM BHUMOI'aMM JI0 TakKUX BHUPOOIB € 3JaTHICTb NPOTHCTOSATH yAapy 31
cTpuMyBajbHOIO 31aTHICTIO 400...600 kJ{X, 1110 3a0e3neuy€eThCsl BAKOPUCTAHHSAM OETOHY MILHICTIO
Ha po3TAr npu 3ruHi He Huwkde Btb4,0 3 moposocriiikictio F200, npu kiaci 6eToHy 3a MILHICTIO
pu ctucky B40 [1].

MeToro IOCHIPKEHh € BCTAHOBJICHHS MOKJIMBOCTI OTPHUMAHHS CIEHIaIbHUX OETOHIB
MiJBUIICHOI TPIMIMHOCTIMKOCTI Ta MIIHOCTI TpU 3TUHI Ui 3a0e3nedeHHs HeoOXiTHOi
CTPUMYBAJIbHOI 3JaTHOCTI BUPOOIB Ha iX OCHOBI. [[1s1 oTpuMaHHS TakuX OETOHIB 3aCTOCOBYBAJIU
noptinanauement I I-500H, micok kBapuoBuii 3 MoayneM kpymnHocti Mxp=1,25, mebinb
IPaHITHUH 3 MaKCHUMalbHUM poO3MipoM 3epeH 20 MM, a TakoX CcynepryiacTugikarop
«STACHEPLAST 131». Jlng migBUIIEHHS MIITHOCTI TpH 3TWHI OETOHIB 10 1X CKJIaay J10AaBaliv
MOHO(1IaMeHTHY moJinponiaeHoBy ¢i6py aiamerpom 20 MKM 1 J0BkuHOIO 12 Ta 18 MM, 110 He
MIEPEBHUIIYE PO3MIpP 3€pEeH KPYIHOro 3aroBHIOBaua. BBexeHHs ¢ibpu 10 ckiagy OETOHY crpHsie
CTBOPCHHIO  TIPY>KHOI  OaraTOMipHOi  CITKM, 1[0 OOYMOBIIOE 3HW)XEHHS  YCaJIOYHOTO
TPILIMHOYTBOPEHHS, @ TaKOX BHYTPILIHIX HaNpy>KeHb, 110 BUHUKAIOTH B KOMIIO3MLII K HpHU
TBEp/iHHI O€TOHY (B TOMY YHCJI MiJBULIYIOYM CTIHKICTh OETOHHOI CyMIlIl O BOJOBIAJIJICHHS),
TaK i mpu HOro eKCIuTyarallii 3a paxXyHOK 3pOCTaHHs YAapOCTIHKOCTI, MILHICTh HA 3TUH Ta PO3TAT
[2]. TTokasaHo, 10 AWCIIEpCHE apMyBaHHs OeToHy (ibporo B Kimpkocti 0,9...1 xr/M° paszom i3
3aCTOCYBAaHHSIM ONTUMAJIbHOT KUTBKOCTI cymnepruiacTudikaropa J03BOJISE MiIBUIIUTHA MIITHICTD TIPH
pPO3TATY IITYYHOTO KameHro mpuoim3Ho Ha 30%, mpu ctucky — Ha 20%. Haiibineine 3pocTaHHs
MIITHOCTI BIIOYBA€ThCSA y 3pa3kax, IO MICTATh cyMim ¢iopu gopxuHO 12 Ta 18 MM y
crniBBigHOMmEeHH] 1:1. Po3paxoBanuii KoedilieHT TPIIMHOCTIMKOCTI (IO BiANOBIIAE BiJHOIICHHIO
MIIIHOCTI TIPH 3THHI J0 MIIHOCTI TIPH CTHUCKY) JUISl TUCIIEPCHOAPMOBAHUX OETOHIB TIOPIBHSIHO 3
0e3100aBoOYHUME 3pocTae mpudbau3Ho Ha 26...30%, mocsratoun MakcuManbHOro 3HaueHHs 0,56
(nmopiBasHO 3 0,27), MpH 1IbOMY MIIHICTh MPU CTUCKY NMPHU TBEPAiIHHI mpoTsaroM 28 mid 3pocTae
npubmmsno B 1,2...1,3, mpu 3runi — B 1,6...2 pasu. [Ipu 1poMy cimij 3ayBaXKUTH, 1[0 BBEACHHS
¢i0pu 10 cknaay OETOHY YMHWUTH BIUTMB B OCHOBHOMY Ha ME30CTPYKTYPY OETOHY (CTPYKTYpY
[EMEHTHO-TIIIAaHOTO PO3YUHY), [0 3yMOBIIOE OUTBIINIA MPHUPICT MIIHOCTI Ha 3TWH, HIXK Ha CTUCK
MOPIBHSHO 3 KOHTPOJBHUMU 3pa3kaMu. {1 3a0e3neueHHs MakCHUMallbHOI MIITHOCTI IpHU 3THHI Ta
MiHIMaJIBHOI MOPUCTOCTI OETOHY BU3HAYEHO ONTHMAJIBHUN PO3PaxXyHKOBUH KOE(]IIIEHT PO3CYBY
3€pEH 3al0OBHIOBAYaA, SIKUH CTAaHOBHUTH o =1,32 mpu 3a0e31nedeHH] CIiBBITHOIICHHS ITICOK: 1e0iHb
= 1: 2,16. HasBHicTh y cKiaji meOeHIo JemaiHuX YacTUHOK B KimbKocTi Oiunbmie 10% crpuse
3HIDKCHHIO MIITHOCTI TTpH 3ruHi Ha 15%.

Otpumani pe3ynbTaTd CBiAYaTh MPO MOXKIUBICTH OTPUMAHHA OETOHIB 3 IiJBUIIEHOIO
MIIHICTIO MPHW 3THHI Ta TPIIIUHOCTIWKICTIO MIJISXOM JHUCIIEPCHOTO apMyBaHHS TOJIIPOITIICHOBOIO
¢i0por0 KOMIO3MIIH ONTUMI30BAaHOTO CKJIany (TpM TIEBHOMY CHIBBIJHOIICHHI JApiOHOTO Ta
KpyIHOTO 3aloOBHIOBauda), IO B CBOIO dYepry 3abe3meuye  HAOIdHICT, Ta JIOBIOBIUHICTH
CTPUMYBAJIBHHUX JTIOPOXKHIX KOHCTPYKIIN MapaneTHOTO TUILY.

1. ICTY b B.2.3-10-2003. Cniopynu TpaHcriopty. OropoKeHHs JOPO>KHE IapareTHOro THITY. 3arajibHi TeXHIYHI
YMOBH.

2. 3axapos JI. C. Ananu3 GakTopoB, BIUSIONINX Ha TIPOYHOCTE TPH M3rHOe GETOHOB TPAHCIIOPTHOTO HA3HAYEHHS /
Bectaux XA1Y. — Xapkis, 2017. — Bem.79. — C.151-157.
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Peculiarities of obtaining concretes of increased crack resistance for road restraint
structures.

M. Kochevykh, Ph.D., Associate Professor of the Department of Building Materials
A. Shevchenko, Student

Kyiv National University of Construction and Architecture

An important role in the large-scale construction of roads is played by restraint transport
systems, which reduce the risk of accidents when diverting a vehicle to a dangerous area and reduce
their consequences.

Stationary parapet-type fences are often used for containment systems, among which road
concrete products with a trapezoidal cross-section (New Jersey profile) are effective. The main
requirements for such products are the ability to withstand impact with a holding capacity of
400...600 kJ, provided by the use of concrete tensile strength in bending not less than Btb4,0 with
frost resistance F200, in the class of concrete compressive strength B40 [1].

The purpose of the research is to establish the possibility of obtaining special concretes of
high crack resistance and bending strength to ensure the necessary restraint of products based on
them. To obtain such concretes used Portland cement CEM | 42.5R, quartz sand with modulus of
size M=1.25, granite crushed stone with a maximum grain size of 20 mm, as well as
superplasticizer "STACHEPLAST 131". To increase the bending strength of concrete,
monofilament polypropylene fiber with a diameter of 20 pm and a length of 12 and 18 mm, which
does not exceed the grain size of the coarse aggregate, was added to their composition.

The introduction of fiber into the concrete contributes to the creation of an elastic
multidimensional grid, which reduces shrinkage cracking, as well as internal stresses arising in the
composition as the hardening of concrete (including increasing the resistance of concrete to water
separation) and its operation due to growth impact resistance, bending and tensile strength [2].

It is shown that the dispersed reinforcement of concrete with fiber in the amount of 0.9...1
kg/m? together with the use of the optimal amount of superplasticizer allows to increase the bending
strength of artificial stone by about 30%, in compression — by 20%. The greatest increase in
strength occurs in samples containing a mixture of 12 and 18 mm long fibers in a ratio of 1:1.

The calculated coefficient of crack resistance (corresponding to the ratio of bending strength
to compressive strength) for dispersed reinforced concrete compared to admixture increases by
approximately 26...30%, reaching a maximum value of 0.56 (compared to 0.27), while the
compressive strength during hardening during 28 days it increases approximately in 1.2...1.3, at
bending —in 1.6...2 times.

It should be noted that the introduction of fiber into the concrete has an effect mainly on the
mesostructure of concrete (structure of cement-sand mortar), which causes a greater increase in
bending strength than compression compared to control samples. To ensure maximum bending
strength and minimum porosity of concrete, the optimal calculated coefficient of grain spacing of
coarse aggregate (crushed stone) is determined, which is o = 1.32 while ensuring the ratio of sand:
crushed stone =1: 2.16.

The presence of lamellar particles in the composition of the crushed stone in an amount of
more than 10% reduces the bending strength by 15%.

The obtained results testify to the possibility of obtaining concretes with increased bending
strength and crack resistance by dispersed polypropylene fiber reinforcement of compositions of
optimized composition (with a certain ratio of fine and coarse aggregate), which in turn ensures the
reliability and durability of parapet-type road restraint structures.

1. DSTU BV.2.3-10-2003. Sporudy transportu. Ohorodzhennya dorozhn’oho parapetnoho typu. Zahal’ni tekhnichni
umovy.

2. Zakharov D. S. Analiz faktorov. vliyayushchikh na prochnost pri izgibe betonov transportnogo naznacheniya /
Vestnik KhNADU. — Kharkov, 2017. - Vyp. 79. - S. 151-157.
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3aXHCHi MOKPHUTTS HAa OCHOBI JIY’KHOT'O AJJIOMOCHJIIKATHOIO 3B’SI3yI04Y0r0 sIK 3aci0
3ano00iraHHsl TPAHCHOPTY CYJb(paT-ioHiB B 0€TOHI.

Onexcandp Koncmanmuno6cokuii, K.m.H. OoyeHm Kageopu mexHonoz2ii 0ydieenvbHux
KOHCMPYKYill i 8upoois,
Jenic Tumincokuii, cmyoenm

Kuiscokuti nayionanvHul yHigepcumem 0y0igHuymea i apximexkmypu

3a0e3neyeHHs] JOBTOBIYHOCTI 3aJ1i300€TOHHUX KOHCTPYKIII € OJHIE€I0 3 TOJIOBHUX BUMOT
cy4acHOro OyniBeiabHOro BUpOOHUITBA. OAHUM 3 (DaKTOpiB, IKUH BU3HAUAE JIOBTOBIYHICTh TAKHX
KOHCTPYKIIIA, € yMOBM iX €KCIUTyartalii, 30KpeMa BIUIUB arpecuBHUX cepenoBuil. OgHUMH 13
HAlMOMMpPEHINX Ta HaWarpecUBHINIMX CEPEJOBHII, sKI MPHU3BOJAATH OO KOpO3ii CTajieBoi
apMaTtypu B O€TOHI BHACIIJIOK TpPAaHCIOPTY 10HIB, € cyinbdaTHi. CyibdaT-iloHH Xo4a 1 He
MIPU3BOJATH /10 IPSIMOI JieracciBallii cTaii, 0JlHaK BU3HAYar0Th (opMyBaHHs cipkoBoaHio (H2S) 1 €
KaTajizaTopaMu IpoLecy OKUCIEeHH (KapOoHizallii) IipaTHUX HOBOYTBOPEHb.

MeTor0 pPOGOTH € JAOCHIIKEHHS MOKIMBOCTI oOMesxkeHHs TpaHcnopry SOs2-ioHiB B
CTPYKTYpy O€TOHy, SIKHH eKCIUTyaTy€ThCSl B CHJIBHOArpeCMBHUX CyNb(aTHUX cepeaoBHIax
(po3uunu Na2S0s, MgSO4, (NH4)2S04 3 xonuentpanicro 30000 mr/n B nepepaxynky Ha SOa?),
3aXMCHAM TIOKPUTTSAM HAa OCHOBI JIY)KHOTO QIIOMOCHJIIKATHOTO 3B’SI3yl04Oro  (hopMyJior0
(0,8Na20+0,2K20)-Al203-4.5Si02:-nH20. Tloka3zaHo, 1m0 HE3axHUINEHHUH OETOH B 3aJICXKHOCTI BIJ
KaTioOHy CyJib(aTHOI COJll XapaKTepU3y€eThCs INTMOMHOI0 IPOHUKHEHHS Cyib(aT-i0HiB Ha 360 100y
B Mexax 5,8...7,6 mm. ITokpuTTs TOBImMHOIO 1 MM BU3Hauae OOMEKEHHS INIMOMHU MPOHUKHEHHS
cynbdar-ionie o 1,3...1,5 mm. 30UIbIICHHS TOBIIMHU TOKPUTTS 1O 3 MM MPaKTUYHO
YHEMOJKJIMBIIIOE TPAHCHOPT Cy/b(aT-iOHIB B CTPYKTYpY OETOHY, IO MiATBEPAXKYIOTh pE3yJIbTaTh
30HI0BOTO aHamizy. Tak, BMicT cynbdaTiB Ha rimbuHi 0,1 MM 3pa3kiB HE3aXHUIIEHOTO OETOHY B
nepepaxyHky Ha SOs craHoBUB 4,0 %, 3aXMIIEHOr0 NOKPUTTAM TOBIIMHOWO 3 MM — 0,0 %. 3rigHo 3
pe3ynbTataMu JOCHTIIKEHHS, 3aKOHOMIPHICTh Y 3MiHI NMPOHMKHOCTI 3aXUIIEHOr0 OETOHY II0JI0
CyJIb(aT-10HIB 3aJICKHO BiJl KaTioHY coJii 3ayumraeThest HeaMiHHOK: (NH4)2S04>Na2S04>MgSOa.

3a 10moMororw MeToliB (i3UKO-XIMIYHOTO aHami3zy (3MiHa mokasHuka pH rigpataniiHOTro
CepesoBHINA Y MOPIBHAHHI 3 KOHTPOIBHMM CKIAJ0M) MOKa3aHO 3B’s3yBaHHA ioHiB SO4%, NHa",
Mg?* B CTpyKTypi LIeTiTONOAIOHMX HOBOYTBOPEHH NPH B3a€MOJIii CyIb(haTHOrO CepeloBHINA 3
3aXMCHUM MOKPUTTSM Ha OCHOBI JIy’KHOTO aJIFOMOCHJIIKATHOTO 3B’s13yt040ro. CTIHKICTh 3aXHCHHUX
MOKPUTTIB Ha OCHOBI 3alPONIOHOBAHUX KaJbLIH-BMIIIYIOUHX aAIFOMOCHJIIIKATHHX 3B’S3YIOYHX B
Ccyib(aTHUX CEpPEeJOBHINAX 3TIHO JITepaTypHUM JDKEpellaM Moke OyTH OoOTIpyHTOBaHA
GOpPMyBaHHAM LEONITONONIOHIX HOBOYTBOPEHD, siKi MicTaTh ioHH SO42, NH4*, Mg?* (xaHkpiHiT
(Na,Ca)s(AleSis)024(C0O3,S04)2-2H20,  6’sxemmait  (Na,Ca,K)s(SisAlsO24)(SO4)2(OH)o.5-H20,
aMOHIMHUITHUT reiIaniT [(NH4)2Ca]2Al4Si1403-12H20, MarHieBHUi boxazit
(Mg,Naz,Ca)35[Al7Si17048]-32H20 Tomio).O6MesxeHHs TpaHcropTy ioHiB SO42 00yMOBIEHO He
TIIBKK X 3B’SI3yBaHHSAM B IEOJIITOMOIOHI HOBOYTBOPEHHS, a 1 3 JOJATKOBHUM IIiJBUIICHHIM
CTyNeHI0 KpucTamizauii B mpucyTHocTi katiowis NHa*, Mg?*, mo miaTBepKkyeThes NaHUMM
€JIEKTPOHHOI MIKPOCKOTTii.

IIpoBeneHO 1OCTIAHO-TIPOMUCIIOBE BIPOBAKEHHSI PO3POOJIEHUX 3aXUCHUX MOKPHUTTIB MPH
BUKOHAHHI OyJiBenbHUX poOIT 3 pekoHCTpyKuii kopmycy Kueso-Ileuepcbkoi JlaBpu i 3axucty
BiJl KOpO3ii pOCTBEpKiB Mi/ICHIEHHS 3araJbHO0 TLIONIE0 moBepxHi 100 M2, fKi 3a3HAaBAIM BIIMBY
arpecuBHOTO Cylb(}aTHOTO cepeaoBuina XA2.

1. Bertolini L. Corrosion of Steel in Concrete: Prevention, Diagnosis, Repair / Bertolini L., Elsener B., Pedeferri P.,
Redaelli E., Polder R. // Oxford, UK: John Wiley & Sons. — 2013.

2. Krivenko P. Why Alkaline Activation — 60 Years of the Theory and Practice of Alkali-Activated Materials /
Krivenko P. // Journal of Ceramic Science and Technology. - 2017. - Vol. 8. — P. 323-334.

3. Kryvenko P. Sulfate Resistance of Alkali Activated Cements / Kryvenko P., Guzii S., Kovalchuk O., Kyrychok
V. /[ Materials Science Forum. - 2016. - Vol. - 865. - P.95-106.

4. Krivenko P. Design of slag cement, activated by Na(K) salts of strong acids, for concrete reinforced with steel
fittings / Krivenko P., Rudenko 1., Konstantynovskyi O. // Eastern-European Journal of Enterprise Technologies. -
2020. - Vol.6 (6 - 108). — P.26-40.
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Protective coatings based on alkal-activated aluminosilicate binder as a mean of
transport prevention of sulfate ions in concrete.
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Durability ensuring of reinforced concrete structures is one of the main requirement of
modern construction industry. One of main factors that determine the durability of such structures is
the impact of aggressive mediums. Sulfate mediums are the most widespread and aggressive which
lead to steel reinforcement corrosion due to transport of ions. Sulfate-ions don’t cause immediate
depassivation of steel reinforcement, but determine formation of hydrogen sulfide (Hz2S) and
catalyze oxidation (carbonation) of hydrate phases.

The aim of this paper was to investigate possibility of mitigation of SO4% ions transport in
structure of concrete which is exploited in high aggressive sulfate mediums by protective coating
based alkali-activated aluminosilicate binder with formula (0,8Na20+0,2K20)-Al203-4.5Si02-nH20.

It was shown that uncoated concrete on dependence of sulfate salt cation characterized be
penetration depth of SO4> ions after 360 d within the limits of 5.8...7.6 mm. Coating of 1 mm
thickness mitigates penetration depth of SO4% ions till 1.3...1.5 mm. Increasing of coating thickness
to 3 mm factually prevent transport of SO4> ions in concrete structure that is confirmed by results
of microprobe analysis. Thus, the content of sulfates at a 0.1 mm depth of unprotected concrete
samples was 4.0% counting on SOs but protected coating with a thickness of 3 mm was 0.0%.
According to the results of the study, the regularities of changes in the permeability of protected
concrete relative to sulfate ions depending on the cation of the salt remain unchanged:
(NH4)2S04>Na2S04>MgSOa.

The binding of SO4%, NH4*, Mg?* ions in concrete structure of zeolite-like minerals due to
interaction of sulfate mediums with a protective coating based on alkali-activated aluminosilicate
binder by mean of change of pH of the hydration medium in comparison with the control
composition. The stability of protective coatings based on the proposed calcium-containing
aluminosilicate binders in sulfate medium according to the literature can be justified by the
formation of zeolite-like phases that contain SOs*, NHs", Mg?" ions (cancrinite
(Na,Ca)s(AlsSie)024(C0O3,S04)2-:2H20,  biachellaite  (Na,Ca,K)s(SisAlsO24)(SO4)2(OH)o.5-H20,
ammonium-heulandite [(NH4)2Ca]2Al4Si1403- 12H20, Faujasite-Mg
(Mg,Naz,Ca)s5[Al7Si17048]-32H20 etc.).

Prevention the transport of SO42 ions is caused by not only their binding in structure of
zeolite-like minerals but also additional increase of the degree of crystallization in the presence of
NH4*, Mg?* cations, which is confirmed by electron microscopy.

Experimental and industrial implementation of the developed protective coatings during
construction works on the reconstruction of the building of the Kiev-Pechersk Lavra for corrosion
protection of foundation cross with a total surface area of 100 m?, which were exposed to
aggressive sulfate environment HA2.

1. Bertolini L. Corrosion of Steel in Concrete: Prevention, Diagnosis, Repair / Bertolini L., Elsener B., Pedeferri P.,
Redaelli E., Polder R. // Oxford, UK: John Wiley & Sons. — 2013.

2. Krivenko P. Why Alkaline Activation — 60 Years of the Theory and Practice of Alkali-Activated Materials /
Krivenko P. // Journal of Ceramic Science and Technology. - 2017. - Vol. 8. — P. 323-334.

3. Kryvenko P. Sulfate Resistance of Alkali Activated Cements / Kryvenko P., Guzii S., Kovalchuk O., Kyrychok
V. Il Materials Science Forum. - 2016. - Vol. - 865. - P.95-106.

4. Krivenko P. Design of slag cement, activated by Na(K) salts of strong acids, for concrete reinforced with steel
fittings / Krivenko P., Rudenko I., Konstantynovskyi O. // Eastern-European Journal of Enterprise Technologies. -
2020. - Vol.6 (6 - 108). — P.26-40.
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Kuiscokuti nayionanvruil ynieepcumem oyoienuymea i apximexmypu (Kuis)

3rifHO JaHUM aMEPUKAHCHKOTO TeoJIOTiyHOro pocuimxkeHHs 3a 2019 pik BHPOOHUIITBO
LIEMEHTY BHpOCIO Maixke 10 5 MiIpA. T, NpU UYOMY 3OUIBIIYETHCS YacTKa 3MILIAHUX
MOPTJIAH/ALIEMEHTIB, OCOOJIMBO THX, IO MicTaTh BamHsAk [1]. Jocmigauibka po0OoTa 11010
MOKPAIICHHS BIIACTUBOCTEH BAITHAKOBUX [IEMEHTIB Mepen0adae TpH HACTYITHI HANIPSIMKH: TIEPIINI —
e egexT BiJl JOJaBaHHSA BAlHAKY, 10 BHU3HAYA€ThCS 32 (PI3UKO-MEXaHIYHMMHU IMOKa3HUKAMH,
JIpyruil HaOpsMOK MOB'SI3aHUN 3 BUPOOHMYUM MPOIECOM, TOAlL AK TPETIM — CTOCYEThCS ydacTi
BaITHAKY B PEaKLisAX rifparauii KIHKepY, Ul PO3KPUTTS AKOTro OyJjio cMHTe30BaHO MiHepainu CsA
ta C3S Ta BHBYEHO BIUIMB KapOOHATHHX JOOABOK DI3HOTO CTYIEHS IUCIIEPCHOCTI Ha MpPOIECH
CTPYKTYPOYTBOPEHHsI IITy4yHOro kKameHto. [l nocmimkeHHs Oyilo BHOpaHO TpU KOMIIO3MLINA y
BUIIISIII  CYCHEH31M, 110 BKIOY&JIM TOHKOMOAPIOHEHUH  MiHepaa, ModiKapOOKCHUIaTHUN
acTugikaTop, BOAy Ta MiKpo- abo HaHOKapOOHaTHY n00aBKy. SIK MikpokapOOHaTHY 100aBKY
6yI0 BMKOPHCTaHO TOHKOMENEHMH BAamHAK (IHTOMa MoBepxHsA He MeHme 15000 cm?/r), a sk
HaHOKapOOHAaTHY 100aBKy - TexXHIYHMHA mpoaykT HopBexcekoi ¢ipMu y BUIIIAAl aucnepcii
(po3mip yactuHoK 130...300 HM). [l MOpIBHSAHHS €PEKTUBHOCTI Ail MIKpO- Ta HAHOKapOOHATHHUX
n006aBoOK OyJid MPOBEACHI TOCIIKEHHsI MPOLIECiB ripaTanii B CyCleH31X Ta BU3HAUYEHO MPOIYKTH
rigpatanii MiHepauiB micias 7 Ai0 TBEpIIHHA 3 BHUKOPUCTAHHSIM €JIEKTPOHHOI pacTpoBOi
Mmikpockonii. Ilpu B3aemopii kapOoHaTHuX a00aBok 3 CsA  (He3aleXHO BiJ CTyHeHS iX
JTUCIIEPCHOCTI) Ma€ MiClle YTBOpPEHHs TiApokapOoamtomiHaTiB  Kaubmito. [lpm  B3aemomii
KapOoHaTHUX A00aBOK 3 MiHepasioM C3S Mae Miciie IPUCKOPEHHs MpOllecy HOro riapaTtariii, aie
TipaTHI HOBOYTBOPEHHS BAXKO iMeHTU(]IKyBaTH. AHaIi3 OTPUMAHUX €KCIIEPUMEHTAIBHUX JTAHUX
JI03BOJISIE TIOPIBHATH PE3YJIBTATH CTPYKTYPOYTBOPEHHS 1 3pOOWTH HACTYITHI BUCHOBKH: TiJpaTallis
MmiHepary CsS B MNPHCYTHOCTI TOMIKapOOKCHIATHOTO IUIACTH(]IKaTopa TIOMITHO TalbMye
BUHHMKHEHHS 3apOJKIB KpHCTaJli3allii, OCKUIbKH TOJIIKapOOKCHIIaKTHa JT00aBKa ajacopOyeThCcs Ha
YacTUHKAX KIIHKEPHOTO MiHepasly, THM CaMHM 3HI)KYE MpPOIIEC TiapaTallii Ta TBEpIiHHS IEMEHTY;
MpU BBEJIEHHI MIKpOJ0OaBKM B BUIJISII TOHKOMEJIEHOTO BAaIHSAKY MPOTITOM MEpIIOi TOAMHU B
CycrneH3ii HISIKHX CYTTEBHX 3MiH He BiZIOyBaeThCsi, BiH BHUKOHY€ pOJIb HANOBHIOBAdYa; NpHU
BUKOPHCTaHHI HAaHOIOO0ABKH BUTJISII JUCTIEPCii, Ma€e MiCIle CTPIMKE YTBOPEHHS BUCOKOAUCTIEPCHHUX
CTPYKTYp, IO MICTATh MEBHY KUIBKICTh 3apojKiB HOBHX (a3 po3mipom 0,1 MM Ta OinmbIe, TOOTO
HaHO/I00AaBKa BHACITIZOK KPHUCTATOXIMIYHOI TMOMIOHOCTI 10 TIAPOCHITIKATHUX CHOJNYK BHCTYIA€E SIK
«aimrmaakay 1t kpuctamizarii  C-S-H, cripusie iposiIieHHIO eeKTy HyKIearlil, 3a0e3MeTyr0Un JI0JaTKOBI
LIEHTpH 3aposikoyTBopeHHs [2]. [Ipu mopiBHSAHHI 3HIMKIB MIKPOCTPYKTYPH IIEMEHTHOTO KaMEHIO, SKi
Oymu 3poOineHi micis 7 1i0 TBEpAHCHHS Ha OCHOBI BUINE3a3HAYCHUX KOMIIO3HINH, MOXKHA
CIIOCTEpIraTd, IO CTPYKTypa KOMIO3uIlli Ha ocHOBI MiHepamy C3S Ta mosiikapOOKCHIaTHOL
N00aBKU € aMOP(HOIO, TaKa X CUTYallis CIOCTEPIraeThCs 1 y BUMAIKY BBEJCHHS TOHKOMEIECHOTO
BallHAKY, SKHI BHUCTymae sIK MiKpoHanmoBHIOBa4.  [Ipu BBemeHi 10 CKiIaay KOMITO3UIT
HAaHOKA0OHATHOI J/J00aBKM TOMITHO 30UTBIIMIACH KUIBKICTh TOHKO3EPHUCTOI MacH, a TaKOX
BiJIMIUCHI HaIlapyBaHHs TMOJIKPUCTATIB MOPTIAHINUTY, TOOTO Ma€ Miclle TPHCKOPEHHS IPOIECY
rigparaniii C3S. OTpumaHi pe3yibTaTH € aKTyaJbHUMH Ui PO3POOKH CKIIAIIB JEKOPATUBHHX
OETOHIB Ha OCHOBI OLJIOT0 MOPTIAHALIEMEHTY, III0 MICTATh Y CBOEMY ckiaai 10 65% CsS.

1. Schneider, M.; Tschudin, M.; Bolio, H. Sustainable cement production — Sustainble cement production — Present
and future. Cem Coner. Res. 2011, 41, 642-650.

2. L. Adams, R. Race, Effect of limestone additions upon drying shrinkage of Portland cement mortar, in: P.
Kligger, D. Hooton (Eds.).
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According to the U.S. Geological Survey, cement production has increased to almost 5 billion
tons since 2019, and the proportion of blended Portland cement, especially containing limestone, is
increasing. The research work to improve the properties of limestone cement has three following
directions: the first is the effect of adding limestone, determined by the physical and mechanical
properties, the second direction is related to the production process, while the third is the
participation of limestone in the hydration reactions of clinker, for the disclosure of which were
synthesized minerals CsA and CsS and studied the impact of carbonate additives of different
degrees of dispersion on the structural formation of artificial stone. Three compositions in the form
of suspensions were selected for the study, including finely ground mineral, polycarboxylate
plasticizer, water and micro- or nano-carbonate additive. Limestone (specific surface area not less
than 15000 cm?/g) was used as a microcarbonate additive, and a technical product from a
Norwegian company in the form of a dispersion (particle size 130 ... 300 nm) was used as a nano-
carbonate additive. To compare the effectiveness of micro- and nano-carbonate additives the
hydration processes in suspensions have been studied and the hydration products of minerals after 7
days of hardening have been determined using electron scanning microscopy. In the interaction of
carbonate additives with CsA (regardless of their degree of dispersion) the formation of calcium
hydrocarboaluminative. At interaction of carbonate additives with C3S mineral there is an
acceleration of its hydration, but hydrate new formations are difficult to identify. Analysis of the
experimental data allows us to compare the results of structure formation and draw the following
conclusions: hydration of CsS mineral in the presence of polycarboxylate plasticizer markedly
inhibits the emergence of nucleation of crystallization, as polycarboxylate additive is adsorbed on
the particles of clinker mineral, thereby reducing the process of hydration and hardening of cement;
when introducing a micro-additive in the form of fine ground limestone within an hour in the
suspension, no significant changes occur, it acts as a filler; when using nano-additive in the form of
dispersion, there is a rapid formation of highly dispersed structures containing a certain amount of
nucleation of new phases of 0.1 mm or more, that is, nano-additive due to the crystallochemical
similarity of hydrosilicate compounds acts as a "substrate™ for crystallization C-S-H, contributes to
the nucleation effect, providing additional nucleation centers. When comparing images of the
microstructure of the cement stone, which were made after 7 days of hardening on the basis of the
above compositions, we can observe that the structure of the composition based on the mineral C3S
and polycarboxylate additives are amorphous, the same situation is observed in the introduction of
fine-milled limestone, which acts as a microfiller. When introducing nano-cabonate additive into
the cement composition increased the amount of fine grains, as well as marked layering polycrystals
portlandite, that is, there is an acceleration of the process of hydration CsS. The obtained results are
relevant for the development of decorative concrete compositions based on white Portland cement,
containing in its composition up to 65% CsS.

1. Schneider, M.; Tschudin, M.; Bolio, H. Sustainable cement production— Sustainble cement production — Present
and future. Cem Coner. Res. 2011, 41, 642-650.

2. L. Adams, R. Race, Effect of limestone additions upon drying shrinkage of Portland cement mortar, in: P.
Kligger, D. Hooton (Eds.).
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OnHUM 3 NEepCIEeKTUBHUX HAIMPSMKIB YIPABIIiHHS BIACTUBOCTSIMH IUIAKOITYXHHUX LIEMEHTIB €
BBEJICHHA /10 HOro CKJIaJy KOMIUIEKCHUX MOJU(IKYHOUuX J00aBOK, SIKI CKJIaJaroTbCcs 3 TJIHMH
PI3HOTO CKJaay 1 BUCOKOAKTUBHOI I00aBKU THUITY HOPTJIAHILEMEHTHOTO KJIIHKEpY. Y MPUCYTHOCTI
IJIMHUCTUX PEUOBHMH y CKJIAJ1 HOBOYTBOPEHB IIJIAKOIYXXHHX IIEMEHTIB CHHTE3YIOThCS HE TUIBKU
HU3BKOOCHOBHI TIAPOCHUIIIKATH KAaJIbIIO, @ ¥ IEOMITOMOAIOHI TiApOoaTtOMOCHIIIKATH JIYXKHOTO,
JTy’KHO3eMEJIbHOTO a00 3MIIIAHOTO THIMIB. YTIOBUIBHEHHS MPOLECIB CTPYKTYPOYTBOPEHHS B
MIPUCYTHOCTI IVIMH MO€ OyTH KOMIIEHCOBAHO BBEJCHHSM AaKTHBHOI T'iIPaBIIYHOI JO0aBKU THUILY
KIiHKepy. TakuM YMHOM, BUKOPUCTAHHS KOMIUIEKCHOI J00aBKM cKiaay '"TMHa + KiiHKep"
JI03BOJISIE BUBECTH YTIPABIIIHHS BIACTHBOCTSIMHE [UIAKOTYKHUX B'SOKYYHX HA SIKICHO HOBHIA PiBEHb.

30KkpeMa, 1€ JA03BOJIWIO TMOJIMIIMTU SKICTh HOPOBOI CTPYKTYpH LIEMEHTHOTO KaMEHIO
3CYHYBILIU OaJIaHC MOP Yy O1K 301IbIIIEHHS YaCTKH MIKPOTIOP, THM CAMUM aBTOMATHYHO MOTIIIITHBIIN
pSAA  LIHHUX eKCIUTyaTalllfHUX XapaKTepUCTHK, IO3BOJIMIO JyXke e(pEeKTUBHO IMMOOLII3yBaTH
panioaktuBHi BinxoiB AEC ¢ikcyrouu iX y HEMEHTHIM MaTpHIli 3a paXyHOK XIMIYHOTO 3B'S3yBaHHS
y HEPO3YMHHI LIEOJITONOIIOHI HOBOYTBOPEHHS 1 32 PaxXyHOK COPOIINHHUX BIACTUBOCTEH INIMH, SIKi
3HAYHO MOCHIIIOIOTHCS Y TIPUCYTHOCTI JTY>KHOTO cepenoBuima [1]. OqauM 3 HOBHX MEPCHEKTUBHUX
HanpsMKIB BUKOPUCTAHHS HEOOMaJCHUX IJIMH € BUKOPUCTAHHS KAOJIHY I OTpPUMaHHSA OLIMX 1
KOJbOPOBHX J€KOPAaTUBHUX LIEMEHTIB. BcraHoBieHo, 1mo BMICT 2,5...5% KaoJliHy HNpakTUYHO HE
BIUIMBA€ HA TEPMIHU TY’>KaBJICHHS, HOPMAJIbHY I'YCTHHY TiCTa 1 aKTUBHICTb y CTaHJApTHI TEPMiHH.
Brenenns xaominy Bim 5 mo 10% 36iabpmrye Bomomnotpely 3 23% mo 24%, ckopodye TepMiHU
Ty>KaBJIeHHS 3 54 XB. 0 48 XB., yNOBUIbHIOE HA0Ip MIIHOCTI 1 aKTUBHICTh y 28-7000BOMY Billl 3
56,7 no 50,4 Mlla [2]. BBenenHs noGaBku KIIHKEpPY B ONTUMAaJbHIN KuibkocTi 2...5% (sxa
3aJIeKUTh BiJl OCHOBHOCTI IINIAKY 1 HOTO aKTUBHOCTI) JO3BOJIMIIO YCYHYTH LIeH HEeJIOJIK 1 MiABUIIIUTH
piBEHb MPHUIHATHOI KITBKOCTI KaOJIiHY y IUIAKOIy>KHOMY 1eMeHTi 110 15%.

BcranoBieHo, 110 301IBIIEHHS BMICTY KaoJliHY Y IUIAKOJYXXHOMY IIEMEHTI BeAe 0
301IBIIEHHS [IEOMITONOAIOHUX TiIpaTHUX HOBOYTBOPEHb y CKJIaJli IIEMEHTHOTO KaMeHI0. OCKITbKU
YacTUHA JIYTY 3B'SI3Y€ThCSI KAOIIHOM, CTaHJIApTHA MILHICTh 3pa3KiB, aKTMBOBAHHUX JIyI'OM, TPOXHU
Hwk4a (Ha 8...10%) y mopiBHSHHI 31 3pa3kaMH, BUTOTOBJICHUMH 3 LIEMEHTIB 0e3 no0aBku. OqHaK
yepe3 6...9 MICAIIB I PI3HMISI 3HUKAE 1 JOCATAETHCA OLIBII BHUCOKAa MIIHICTh 33 PaxyHOK
NorMOJIEHHs TIPOLIECiB Tiparalii, CHHTE3y TiJpaTiB HU3bKOOCHOBHUX CHUJIIKATIB KaJbllil0, CHHTE3Y
aHAJIOTIB IEOJIITY ¥ MOJIBOBOTO MITIATY Ta BIACYTHOCTI ASCTPYKTHBHUX IPOIIECIB. 3aMiHa JOPOTOTO
METaKaoJiHy Ha OLJIbII JeIeBUI KAOJiH MiIBUIILYE peHTa0CIbHICTh BUPOOHUIITBA TAKOTO [IEMEHTY.
BBenenns 30aradueHoro KaoniHy-84 y SKOCTI OCBITIIOOYOi 100aBkM y KuibkocTi 14...18%
JIO3BOJIMJIO OTPUMATH MUIAKOTYKHUH 1eMeHT 3 Oimu3Horo 70,5...72,3% sk OCHOBH JIJIsi OTPUMAHHS
JEKOPaTUBHUX IMITMEHTOBAHMX IIEMEHTIB. TakuM dYMHOM, Jaoporuii BigOumoBad 7i02 MoOxe
BUKOPUCTOBYBATHUCSA Y MiHIMAJIBHUX KITBKOCTSX JJIsl KOPUTYBaHHS OUIM3HM abo B3arajii He
BUKOPUCTOBYBaTHUCA. KpiM TOro, MpUCYTHICTh KaoJliHy B JAEKOPATUBHUX LIEMEHTAaX MEPEeLIKOKA€E
MacoIlepeHOCy BUIBHOTO JYTYy 3 IEHTPY 3pa3ka Ha nepudepiro 3a paxyHOK 3B'S3yBaHHS HOTo y
[[EOJIITOMOJIOHUX HOBOYTBOPEHHSX 1 TUM CaMHUM 3HIKY€ PHU3UK TOSBH BHIIBITIB, IO BEIbMU
aKTyaJbHO JUISI IEKOPATUBHUX LIEMEHTIB.

1. Kpusenko IIL.B., TeneBepa A.I'., IlerpomaBmoBckuii O.H. HaykoBi ocHOBM ekosoriuHo Oe3mne4Hol
iMMOOii3anii paaioakTUBHUX BinxoniB // MaTepiainu HaykoBO-NpakTH4HOI KoH(pepeHuii "[IpodieMu moBomKeHHS 3
paIioakTHBHUMH Binxonamu B Ykpaini". - Kuis, 2011. - C. 60-67.

2. Gots V I, Gelevera A G, Petropavlovsky O N, Rogozina N V and Smeshko V V Influence of whitening
additives on the properties of decorative slag-alkaline cements IOP Conf. Series: Materials Science and Engineering.
— Innovative Technology in Architecture and Design (ITAD 2020). Vol. 907. — 012033. DOI: https://doi.org/
10.1088/1757-899X/907/1/012033.
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The role of kaolinite clay in the evolution of the structure and properties of slag alkali
cements.

Oleksandr Gelevera, Ph.D., Associate Professor of TBKYV,
Stanislav Skarlat, Student

Kyiv National University of Construction and Architecture

One of the promising areas of control of the properties of slag-alkali cements is the
introduction into its composition of complex modifying additives, which consist of clays of
different composition and a highly active additive such as Portland cement clinker. In the presence
of clay substances in the composition of new formations of slag-alkali cements, not only low-basic
calcium hydrosilicates are synthesized, but also zeolite-like hydroaluminosilicates of alkaline,
alkaline earth or mixed types. The slowing down of structural processes in the presence of clays can
be compensated by the introduction of an active hydraulic additive such as clinker. Thus, the use of
a complex additive composition "clay + clinker™" allows you to bring the control of the properties of
slag-alkaline binders to a qualitatively new level. In particular, it allowed to improve the quality of
the pore structure of cement stone by shifting the balance of pores in the direction of increasing the
proportion of micropores, thereby automatically improving a number of valuable performance
characteristics. This also made it possible to very effectively immobilize radioactive waste from
NPPs by fixing them in the cement matrix due to chemical binding in insoluble zeolite-like
neoplasms and due to the sorption properties of clays, which are significantly enhanced in the
presence of an alkaline environment [1]. One of the new promising areas of use of unfired clays is
the use of kaolin to obtain white and colored decorative cements.

It was found that the content of 2,5...5% kaolin has almost no effect on the time of
hardening, normal dough density and activity in standard terms. The introduction of kaolin from 5
to 10% increases water consumption from 23% to 24%, reduces the curing time from 54 minutes up
to 48 minutes, slows down the set of strength in the initial curing period and activity at 28 days of
age from 56,7 to 50,4 MPa [2].

The introduction of clinker additives in the optimal amount of 2...5% (which depends on the
basicity of the slag and its activity) eliminated this shortcoming and increased the level of
acceptable amount of kaolin in the slag cement to 15%. It is established that the increase of kaolin
content in slag-cement cement leads to the increase of zeolite-like hydrated phases in the
composition of cement stone.

Since part of the alkali binds to kaolin, the standard strength of samples activated by alkali is
slightly lower (8...10%) compared to samples made of cement without additives. However, after
6...9 months, this difference disappears and higher strength is achieved due to the deepening of
hydration processes, synthesis of hydrates of low-basic calcium silicates, synthesis of zeolite and
feldspar analogues and the absence of destructive processes. Replacing expensive metakaolin with
cheaper kaolin increases the profitability of such cement.

The introduction of enriched kaolin-84 as a brightening additive in the amount of 14...18%
allowed to obtain slag-cement with whiteness of 70,5...72,3% as a basis for obtaining decorative
pigmented cements. Thus, expensive TiO2 bleach can be used in minimal quantities to adjust the
laundry or not used at all. In addition, the presence of kaolin in decorative cements prevents the
mass transfer of free alkali from the center of the sample to the periphery by binding it in zeolite-
like tumors and thus reduces the risk of fading, which is very important for decorative cements.

1. Krivenko PV, Gelevera AG, Petropavlovsky ON Scientific bases of ecologically safe immobilization of
radioactive waste // Proceedings of the scientific-practical conference "Problems of radioactive waste management
in Ukraine". - Kyiv, 2011. - P. 60-67.

2. Gots V I, Gelevera A G, Petropavlovsky O N, Rogozina N V and Smeshko V V Influence of whitening
additives on the properties of decorative slag-alkaline cements IOP Conf. Series: Materials Science and Engineering.
— Innovative Technology in Architecture and Design (ITAD 2020). Vol. 907. — 012033. Ol: https://doi.org/
10.1088/1757-899X/907/1/012033.
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IJINB KOMIIOHEHTHOI'0 CKJIaay Ha TpancnopTt iouiB Cl' 1 45" B IINIAKOJIYKHOM TOHI.
B OMIIOHEHTHOI'0 CKJIaJy Ha TpancnopT ionis Cl” ta SO aKoJy:KHOMY 0€eTO

Onvea boiiko, acnipanm, m.H.c.
Onexcandp Koeanvuyk, kano. mexmu. HaykK, C.H.C.

Kuiscoxuti nayionanvruil yHigepcumem 0y0ignuymea i apximexkmypu
Hayxoeo-0ocnionuii incmumym 6 ’soicyuux pevosun ma mamepianis im. B.J[. I'nyxoecvrozco

MerToro nanoi poboTH € po3poOka Ta moeaHaHHs e(HEeKTHBHUX CIIOCOOIB 3armobiraHHs Kopo3ii
CTaJICBOi apMaTypH B IIIAKOIYKHUX OCTOHAaX, OTPUMAHUX 3 BHCOKOPYXJIMBUX OCTOHHUX CyMIIIIEH,
JUISL TIABUILIEHHS IOBTOBIYHOCTI 32113006 TOHHUX KOHCTPYKIIIH, 110 €KCITYaTyIOThCSl B arpECUBHUX
cepenoBHIax. AKTyaJabHICTh pOOOTH TOB’s3aHA 13 MIABUIIICHUM PIBHEM BUKOPHCTaHHS OCTOHHHX
cymimeil BUCOKOI pyxJIMBOCTI [1], B TOMy uuMCHl y HECHPUSTIMBHX YMOBax €KCIUTyaTaiii, 110
norpedye NPOBEACHHA MAETAJbHUX JAOCIHKEHb Yy HamnpsMKy GOpMyBaHHS CTIHKHX ¢a3, sKi
3a0e3neyath 3B’ a3yBanns ioHiB Cl” i SO4% Ta 3amo6iraHHs BUHMKHEHHS J€CTPYKTUBHUX IIPOLIECIB
KOpO3ii apMaTypu B Tl JIy>KHOro OeToHy [2].

B saxocTi 00’€KTiB JOCHIIKEHHS 00paHO ApIOHO3EPHUCTI OETOHM HA OCHOBI IUIAKOIYXKHOT
CUCTEMH «TPaHyJIbOBAHUN JOMEHHUH LUIAK — JIy’)KHUH KOMIIOHEHT». SIK JIy»KHHI KOMIIOHEHT OyJ10
o0paHo coay KalblIMHOBaHY 1 MeTacuiikaT. Bmict cogu Ta metacumnikary ckiaaae 6,95 1 13,0 %
BIJIIOBIAHO BiJl Macu 1uiaky. J{s 3B’ A3yBaHHs arpeCUBHUX IO BIIHOIICHHIO JI0 CTaJIeBOI apMaTypu
ionis CI" i SO4% 10 ckIajy Ty’HOTO LEMEHTY 06yJ10 BBEJIEHO KOMILIEKCHY 100aBKY, PeICTaBJICHY
MJIMHO3EMUCTUM IIEMEHTOM, TOPTIAHAIIEMEHTOM Ta KIIHONTUJIONITOM B HACTYNHINH KUIBKOCTI:
TIIMHO3eMUCTHI 1emMeHT — 3,42 %, noprianaueMeHT — 1,58%, kmunomtumomit — 5 %.
CriBBiIHOIICHHS! MOPTJIAHALIEMEHTY 1 TIIMHO3EMHUCTOTO IIEMEHTY B CKJIaJl KOMIUIEKCHOI T0OaBKH
cranoBuTh 2.17:1. Ilpu TakoMy CHIBBIAHOIIEHHI BiOYBa€eTbCcs CHpsSMOBaHE (HOPMYBaHHS
BHUCOKOOCHOBHOTO Timpoamtominaty 3Ca0-Al203-10H20. OcobnuBocTi BIUIMBY KOMILIEKCHOT
N00aBKM Ha MPOLIECU CTPYKTYPOYTBOPEHHS IIIAKOJIY>KHOTO OETOHY OCIIIKYBAJIH 3a JOIIOMOI'OIO
MeToAIB (hi3uKO-XiMigHOTO aHamilzy. BwmicT kommuiekcHoi mo0aBku ctaHoBuB 10 % Bim Macu
[IJIAKOJY’)KHOTO LeMeHTy. [lng 3abe3nedeHHs HEOOXiAHOT MapKu 3a JIETKOYKJIAJalbHICTIO 0
CKJIaay JpiOHO3EPHUCTOTO MUIAKOIY>KHOTO OETOHY BBeIEHO N00aBKM IIACTU(IKYIOYOi IpynH y
BUTJIAI JTITHOCYIH(OHATY HATPIIO Ta TIIIOKOHATY HaTpito y KinbkocTi 1,0 Ta 0,2 % BiamoBigHO.

3rifHO 3 pe3yiapTaTaMu JOCHIUKeHb MPOAYKTH Tiapartalii KOHTPOJBHHX 3pa3kiB (0e3
BBEJICHHS KOMIUJIEKCHOI J00aBKM) MPEACTAaBIEHO HHU3bKOOCHOBHUMH TiAPOCHIIIKATAMU KaJbIIIIO
ctpykrypu CSH (I) ta ripomitom 2Ca0-3Si02:2H20. BBeneHHs 10 Ckiaxy KOMIUIEKCHOT T00aBKH
3abe3neuye (hopMyBaHHS B CKJIaJi MPOAYKTIB Tiaparallii OKpiM HU3bKOCHOBHHX T1JPOCHIIIKATIB Ta
KaJmplUTy 1€ ¥  xyopo-cynbdoamomiHatHux AFm ¢a3 y Bummini  comi  Kysens
3Ca0-Al203:0,5CaCl2:0,5S04-10H20, mo roBopuTh 1po 3B’s3yBaHHsA ioHiB ClI° i SOs*
TIAPOATIOMIHATOM  KaJbIIIIO 3Ca0-Al203:'10H20, sxuit OyB cdopmMoBaHMiA 3a Yy4acTiO
MOPTIAH/IIIEMEHTY Ta TTIMHO3EMHCTOTO IIEMEHTY B MpoIiecax TijpaTaiii.

MirHiCHI TTOKa3HUKH 3pa3KiB, JIe B SKOCTI JY>KHOTO KOMIIOHEHTY OyJI0 BUKOPHCTAHO COIY
KaJIBIIMHOBaHY, cTaHOBIATH 29,1 MIla Ha 28 100y TBepaHeHHs. [Ipy BUKOpUCTaHHI METacHITIKaTy B
SIKOCTI JTy>)KHOT'O KOMITOHEHTY MIllHICTh 3pa3kiB ckiagae 43,1 MI]a.

B xomi mochimkeHs OyJio BH3HAUEHO BIUIMB KOMIIO3HMIIIMHOTO CKJIaay 1 0coOIMBOCTEH
MiKpPOCTPYKTYpPH IIIAKOIYKHOTO LIEMEHTy Ha TpancropT ioHis C1°, SO4% B mmakoyxHoMy GeToHi,
OTPUMAHOMY i3 BHCOKOPYXJMBHUX CyMilleif i miaTBepmkeno 38°a3yBanns ioHiB Cl” i SO B AFm
¢azu y Burmsaai com Kysens, mo mo3Boisie nepeadayuTy MiABHUIEHY JOBIOBIYHICTH apMaTypu y
Marepiajax Ha iX OCHOBI.

1. Y. Savchuk, A. Plugin, V. Lyuty, O. Pluhin, O. Borziak, Study of influence of the alkaline component on the
physico-mechanical properties of the low clinker and clinkerless waterproof compositions. MATEC Web of
Conferences 230, 03018 (2018).

2. boiiko O.B., Kosansuyk O.10., Kpusenko I1.B., Pors Al203 y cknaai nutaky y 3anobiranxi Koposii apmarypu y
nnTakoy:kHoMy Oetoni // Marepianmu VI MikHapomHOi HaykoBO-TIpakTHYHOI KOoH(MepeHIil «Teopis i meromu
OyaiBenbHOrO MaTepianozHaBcTBa» 5-6 mucronana 2020 p. Xapkis, XHYBA.
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Influence of component composition on transport of Cl-, SO4> ions in alkaline concrete.

O. Boiko, Postgraduate student, Junior Researcher,
O. Kovalchuk, PhD (Tech.), Senior Researcher

Kyiv National University of Construction and Architecture
Scientific Research Institute for Binders and Materials

The purpose of this work is the development and combination of effective ways to prevent
corrosion of steel reinforcement in slag concrete, obtained from high-mobility concrete mixtures, to
increase the durability of reinforced concrete structures operated in aggressive environments. After
all, every day the percentage of concrete mixtures with high workability increases significantly [1]
and this requires detailed research in the direction of formation of stable phases that will bind CI
and SO+ ions and prevent destructive corrosion of reinforcement in the body of alkaline concrete

[2].

As objects of research fine-grained concretes on the basis of slag-alkaline system
"granulated blast furnace slag - alkaline component™ are chosen. Soda ash and metasilicate were
selected as the alkaline component. The content of soda and metasilicate is 6.95 and 13.0%,
respectively, by weight of slag. To bind aggressive to steel reinforcement ions Cl- and SO? in the
composition of alkaline cement was introduced a complex additive represented by alumina cement,
portland cement and clinoptilolite in the following amounts: alumina cement - 3.42%, portland
cement - 1.58%, clinoptilolite - 5%. The ratio of Portland cement and alumina cement in the
complex additive is 2.17 : 1. At this ratio there is a directed formation of highly basic
hydroaluminate 3CaO - Al20s - 10H20. Specifics of the influence of the complex additive on the
processes of structure formation of slag-alkali concrete were investigated by means of methods of
physicochemical analysis. The content of the complex additive was 10% by weight of alkaline
cement.

According to the research results, the hydration products of the control samples (without the
introduction of a complex additive) are represented by low-basic calcium hydrosilicates of CSH (1)
structure and 2CaO - 3SiO2 - 2H20 gyrolite. The introduction of a complex additive provides the
formation of hydration products in addition to low-base hydrosilicates and calcite and chloro-
sulfoaluminate AFm phases in the form of Kuzel's salt, which indicates the binding of CI- and SO4*
ions by calcium hydroaluminate 3CaO - A1203 - 10H20, which was formed with the participation
of Portland cement and alumina cement in hydration processes.

The strength of the samples, where as an alkaline component was used soda ash is 29.1 MPa
on the 28th day of hardening. When using metasilicate as an alkaline component, the strength of the
samples is 43.1 MPa.

In the course of research the influence of composite composition and microstructure of slag
alkali cement on transport of CI-, SO4* ions in slag-alkali concrete obtained from highly mobile
mixtures was determined and the binding of CI- and SO4? ions in AFm phase in the form of Kuzel's
salt was confirmed, which allows to provide the increased durability of armature in materials on
their basis.

1.Y. Savchuk, A. Plugin, V. Lyuty, O. Pluhin, O. Borziak, Study of influence of the alkaline component on the
physico-mechanical properties of the low clinker and clinkerless waterproof compositions. MATEC Web of
Conferences 230, 03018 (2018).

2. Boiko 0.V., Kovalchuk O.Yu., Kryvenko P.V., Rol Al,O3 u skladi shlaku u zapobihanni korozii armatury u
shlakoluzhnomu betoni // Materialy VI mizhnarodnoi naukovo-praktychnoi konferentsii «Teoriia i metody
budivelnoho materialoznavstva» 5-6 lystopada 2020 r. Kharkiv, KhNUBA.
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Po3poOka TeXHOJIOTIYHMX METOAIB 3aN100iraHHs Ta MPUITHHEHHS JIY’KHOI KOPO3il 0eTOHY npu
BHKOPHUCTAHHI peakuiiiHO 31aTHUX 3aMI0BHIOBAYiB.

Bixmopia 3o3ynuneus, acnipanm, m.n.c. H/{IBM,
Onekcanop Kosanvuyk, kano. mexu. Hayk, c.H.c. H/[IBM,
Jap’a Pyoseii, cmyoenm

Kuiscokuti nayionanvHul yHigepcumem 0y0igHuymea i apximexkmypu
Hayxoeo-0ocnionuii incmumym 6 ’soicyuux pevosun ma mamepianis im. B.J[. I'nyxoecvroco

Hebe3neka BUKOPUCTAHHS aKTUBHUX 3allOBHIOBAUiB MOJIATa€ Yy BUHUKHEHHI IECTPYKIIHHUX
MIPOLIECIB, CIIPUUMHEHUX JIy)KHOIO Kopo3i€ro. B mporeci J1y>)kHOT KOpO3ii HPOAYKTH peakiii Mix
JyramMd HEMEHTY W aKTUBHUM KPEMHE3eMOM 30UIbLIYIOTHCS B 00’€Mi, 110 BUKJIMKA€ BHYTPIIIHI
Hampy»XeHHs, SKI NPU3BOJATH [0 pyHHyBaHHS MaTepiany. OJIHaK, BpPaxoOBYIOUU MOTpPedy
CHOT'OJICHHSI Y PO3IIMPEHHI CUPOBUHHOI 0a3u Juis BUPOOHUITBA OyAiBENbHUX MaTepiaiiB, TUTaHHS
PO 3aCTOCYBAHHS aKTMBHHX 3allOBHIOBauiB HaOyBae Bce OUIbILIOI akTyanbHOCTI. [IpoTe Ge3neune
BUKOPUCTaHHS TAaKUX 3allOBHIOBAaYiB MOTpeOy€e MPOBEACHHS IPYHTOBHHUX JOCHIKEHb B HANPSAMKY
CIPSIMOBAHOTO YIIPaBJIIHHS CTPYKTYPOIO 1 BIACTUBOCTSAMU OTpUMaHUX MaTepiaiiB [1].

[TonepenHbO MPOBEJECHI AOCHIPKEHHS JO3BOIMIN BUSHAYUTH MOKIMBICTh CIIBHOT pOOOTH
MaTpHIll JTy)KHHX IIEMEHTIB 1 aKTUBHHMX 3allOBHIOBAdiB, MPEICTABICHUX OazaibToM. BBeneHHS B
CUCTEMY «JIyXXHHMH MOPTIAHIEMEHT — 0a3ajibT» METaKaoliHy, SIK aKTUBHOI MiHEpalIbHOI JJOOaBKU
MOKpalllye MIIHICHI XapaKTepUCTHKU MaTepiajly 3a paxyHOK 3B’s3yBaHHA 10HIB Na+ ta K+. A
JOCIIJDKEHHST 3aKOHOMIpHOCTI 3MiHM pH cepenoBuia J1y>)KHOrO LEMEHTY HpPU PI3HOMY BMICTI
JTY’KHOTO KOMITOHEHTY JI03BOJIMJIO BCTAHOBUTH, IO 3BUYAHOTO BMICTY JIYI'y B TaKHX CHCTEMax
HEJOCTAaTHBO JJIi HOPMAJbHOT'O MPOTIKAHHS MPOLECIB CTPYKTYPOYTBOPEHHs. 3arajibHa JY»KHICTb
CUCTEMHM I1a/1a€ BXKE B IMOYATKOB1 TEPMIHHU 1 B MOJANBIIOMY MA€ CTIMKY TEHJIEHLIIO 10 3MEHILIECHHS.
OntuManbHUR JOJATKOBUM BMICT JIyTy B CHUCTeMl CTaHOBUTH 6-8%, 1o 3abe3nedye BHCOKI
nouyatkoBi nokasHuku pH (11.5-11.7), a takox 30epexeHHs nokasHuka pH B yaci (10 moka3HUKa
11 B mepebiry 4-24 rogunau) [2]. 3 TOUKK 30py MIIHICHUX MOKA3HHKIB 13 Halkpamoro 60Ky cebe
3apeKOMEHAYBAIM CUCTEMH Ha OCHOBI JIY’KHOTO MOPTJIAHALIEMEHTY, K Y YHCTOMY BUTJISAIL, TaK 1 13
BBeneHHAM 10% metakaominy (46,8 Ta 70,8 MlIla y Birti 28 110 BiIMOBITHO).

Hapasi nmociimkeHHSX CIpsMOBaHI Ha BHBYEHHS BIUIMBY YMOB TBEPJHEHHS Ha KIHETHUKY
Ha0Opy MIIHOCTI JY)KHUX IIEMEHTIB 3 BUKOPHUCTAHHSM aKTHBHOTO 3allOBHIOBauYa (Ha TPHKIAII
0a3anbpTy). BUTpuMyBaHHS KOHTPOJBHHUX 3pa3KiB-0aliouok po3mipom 4x4x16 cM y HOpMabHUX
yMOBax Ja€ MOXJIHMBICTh OTpUMaTh MilHICTh Ha 28 o0y 40 MIla. JlocmimkyBaHi 3pa3ku
BUTPUMYBAJIH Y HOPMAJIbHUX yMOBaX MpOTAroM 7 mi6 (MinHicTh npu ctucky 10 Mlla), micist goro
pO3MOAUIANM HAa YOTUPH TpYyNU: HOpMaibHE 30€piraHHs, BUCYLIyBaHHS 13 MOJAJIBIINM
MOBEPHEHHSM JI0 KaMepu HOpMallbHOro 30epiraHHs, BHUCYIIyBaHHS Ta riapodobizamis Ta
rigpodobizamiss 3pa3kiB  0e3 BUCyIIyBaHHS. BCTaHOBJIEHO, 10 HAWTIPIIMMH yMOBaMH €
BUCYIIIyBaHHS Ta Tiapodolizamis (MmimaicTh Ha 28 no0y 10 MIla), a HalikpamuMu yMOBaMHU —
rigpodoobizaris 6e3 BUCYITyBaHHS, 110 3a0e3neuye Ha 28 100y TBepHeHHs MilHIcTh 48 MIa.

OTtpumani pe3ysbTaTH IOCITiIKEHb MiATBEPHKYIOTh MOXKIJIMBICTh BUKOPUCTAHHS aKTHBHUX
3aroBHIOBAYIB JJI1 BUTOTOBIIEHHS OyAiBEIbHUX MaTepialiB, 30KpeMa Ha OCHOBI JIy’KHHX IIEMEHTIB.
Ane ansi 0e3neyHoro mnepediry MpoleciB CTPYKTYpOYTBOPEHHS KOMIIOHEHTHUH CKIIAJ CHUCTEMHU
JIOBOJIUTHCSl KOPUT'YBAaTH IUISIXOM BBEJCHHS AaKTHUBHOI MiHEpaJbHOI JO0AaBKM Ta J10aTKOBOI'O
JTyKHOTO KOMIIOHEHTY. BukopuctanHs X Tinpo¢do0i3ylounx mg00aBOK JI03BOJISE iABHIIUTH
MIIHICTh MaTepialy HaBITh NMPH EKCIUTyaTallli y HOpMaJIbHUX TEIUIOBOJIOTICHUX YMOBaX.

1. Kirivenko P.V., Kovalchuk O.Yu. Influence of type of alkaline activator on durability of alkali activated
concrete using aggregates capable to alkali-silica reaction. Key Engineering materials. VVol. 864, pp. 180-188. DOI:
10.4028/www. Scientific.net/KEM.864.180

2. Koanpuyk O.10., 3o3ynunens B.B., Bruus j1y)kHOro KOMIIOHEHTa Ha 3MiHY IMOKa3HHKa JY)KHOCTI CUCTEMH
HIJIAKOIY)KHOTO LIEMEHTY IPU B3a€MOJIT 3 aKTMBHUMH 3aroBHIOBa4amu // 30IpHUK HayKOBUX Tpaib Y KpaiHChKOTO
JIep>)KaBHOT'O YHIBEPCUTETY 3aiTi3HMYHOT0 TpaHcmnopty. — 2020. — Bum. 192 — C. 6-11.

124
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The danger of using active aggregates is the occurrence of destructive processes caused by
alkaline corrosion. In the process of alkaline corrosion, the reaction products between cement
alkalis and activated silica increase in volume, which causes internal stresses that lead to the
destruction of the material. However, given the need today to expand the raw material base for the
production of building materials, the question of the use of active aggregates is becoming
increasingly important. However, the safe use of such aggregates requires thorough research in the
direction of targeted management of the structure and properties of the obtained materials [1].

Previous studies have identified the possibility of joint work of the matrix of alkaline
cements and active aggregates, represented by basalt. The introduction into the system of "alkaline
Portland cement - basalt” metakaolin as an active mineral additive improves the strength
characteristics of the material due to binding of Na* and K* ions. A study of changes in the pH of
the alkaline cement medium at different contents of the alkaline component allowed to establish that
the usual alkali content in such systems is not enough for the normal gain of the structure formation
processes. The total alkalinity of the system falls in the initial period and then has a steady
downward trend. The optimal additional alkali content in the system is 6-8%, which provides high
initial pH values (11.5-11.7), as well as maintaining the pH value over time (up to 11 for 4-24
hours) [2]. In terms of strength, systems based on alkaline Portland cement, both in pure form and
with the introduction of 10% metacaolin (46.8 and 70.8 MPa at the age of 28 days, respectively)
have proven to be the best.

Currently, studies are aimed at studying the effect of curing conditions on the kinetics of the
strength of alkaline cements using an active aggregate (for example, basalt). Maintenance of
samples-beams in the size of 4x4x16 cm in normal conditions gives the chance to receive durability
for 28 days of 40 MPa. The specimens had been storied in normal conditions for 7 days
(compressive strength 10MPa)? After that they had been separated onto 4 groups: normal
hardening, drying and returning into the normal curing chamber, drying and hydrophobization and
hydrophobization without during. It was set that the best curing conditions are hydrophobization
without drying (48 MPa) and the worth — drying and hydrophobization (10 MPa).

Whereas drying leads to a significant loss of strength of the samples to 15 MPa. This may
indicate that the material after drying begins to absorb water from the environment and hydration
processes continue in its structure. A successful solution to this problem was the use of a water
repellent, which is applied to samples at the age of 7 days without pre-drying. The strength of such
samples on the 28th day of curing is 48 MPa.

The obtained research results confirm the expediency of using active aggregates for the
manufacture of building materials, in particular on the basis of alkaline cements. But for the safe
course of the structure formation processes, the composition of the system must be adjusted by
introducing an active mineral additive and additional alkaline component. Also to improve the
strength and reduce the risk of destruction, the material should be coated with a water repellent.

1. Kirivenko P.V., Kovalchuk O.Yu. Influence of type of alkaline activator on durability of alkali activated
concrete using aggregates capable to alkali-silica reaction. Key Engineering materials. VVol. 864, pp. 180-188. DOI:
10.4028/www. Scientific.net/KEM.864.180

2. Kovalchuk O.Yu., Zozulynets V.V., Vplyv luzhnoho komponenta na zminu pokaznyka luzhnosti systemy
shlakoluzhnoho tsementu pry vzaiemodii z aktyvnymy zapovniuvachamy // Zbirnyk naukovykh prats Ukrainskoho
derzhavnoho universytetu zaliznychnoho transportu. — 2020. — Vyp. 192 — S. 6-11.
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BnuiuB KucJ10T Ta iX po34nHiB Ha opMyBaHHS CTPYKTYPH 023271bTOBOI0 BOJIOKHA.

Oxkcana beponuk, kano.mexu.nayk, ooyeum xageopu TEKB,
Anna Maiicmpenko, kano.mexn.nayx, ooyenm kageopu THKB,
Anaopin Conozy6, cmyoenm

Kuiscokoeo nayionanvroeo ynisepcumemy 6yoisnuymea i apximexkmypu (m. Kuig)

Merta focmiKeHHsT — 11 OJIepXKaHHSA FHYYKHX TEIJIO3BYKOI30JIALIHHIX BUPOOIB Ha OCHOBI
MoaM(IKOBAaHOTO 0a3aJIbTOBOTO BOJIOKHA 1 B3a€MO/Isl 0a3aJIbTOBOTO BOJIOKHA 3 PO3UMHAMH KHCIIOT.
[1]. BunpoOyBaHHS TPOBOIMIKCS 3TiAHO CY4aCHHUX METOJIIB, TaKHX SIK: ONTUYHA 1 €JIEKTPOHHA
MIKpOCKOMISl, XIMIYHMHA €JIeMEHTHUH aHami3 Ta iHm. Bu3HaueHHS (I3UKO-MEXaHIYHUX
BIIACTUBOCTEH 1 TEPMOMEXAaHIYHUX XaPaKTEPUCTUK MPOBOAMIUCS 3a TPAAULINHUMU METOJIUKAMHU
3T1JIHO HOPMAaTUBHUX JIOKYMEHTIB.

bazanbTOBI BOJIOKHA MalOTh CKJIOHNOIOHY abo CyOMIKpOKpHUCTaJiuHy CTPYKTypy, NpH
B3a€EMOJIT 3 POUYMHAMHU KHUCIJIOT PI3HOI XIMIYHOI IPUpPOIM OOYMOBJIE€HA MEBHHUMHU 3aJE€KHOCTIMHU 1
3aKOHOMIpPHOCTSIMU. B mpoBeaeHnx gociimkeHHsx [1,2] Oyno mokasaHo, 1o CTIHKICTh 6a3alIbTOBUX
BOJIOKOH 10 Jii HEOpPraHIYHUX KHUCIOT ICTOTHO 3aJIeKUTh BIJ iX XIMIYHOTO CKJIaJy Ta YMOB
00poOku. ITpu miABHILEHHI TeMIepaTypyu PO3YUHY KUCIOT MPHUIIBUALIYE MPOLEC BUIYTOBYBAaHHS,
[0 CYHPOBO/KYETBCS TiIPOTEPMAIbHUM CTapiHHSAM BOJIOKHA. 30iumbiieHHs BMicty SiO2
MPU3BOJUTH J0 3POCTAHHS CTIMKOCTI BOJIOKOH JI0 Aii KMCIIOT.

SIk HaBeJeHO B JiTepaTypHHX pKepenax [1] 6a3zanbToBi BosiokHa 3 BMicToM Si02>50...60%
HEe pO34MHHI B KucioTax. BrumB okcuniB Fe i Al Ha KUCIOTOCTIMKICTh 0a3aJIbTOBOTO BOJIOKHA
HOCHUTH CKJIAJIHUN 1 CYyNepeUIMBUNA XapakTep. 3riTHO PE3yJIbTATIB JOCIIIKEHbh MOXHA 3a3HAYUTH,
1o 3amina B ckiii SiO2 Ha Fe203 npu3BoANTh 710 3HMKEHH KHCIOTOCTIMKOCTI BOJIOKHA. O/IHAK Take
3HMKEHHS He MPSAMO MPOIOPLiiHE MIBUIIICHHS BMICTY OKCH/IIB 3aJli3a.

3amimenss okcuniB CaO 1 MgO na okcuau 3amiza B KiibkocTi 3...15% 6e3 3MiHM BMICTY
SiO2 cmoyatky 3HWXKYE KHCIOTOCTIHKICTh, @ MPH TOAANBIIOMY IiJBHUIICHHS CIIOJYK 3ai3a
MIPU3BOAUTH 0 301IBIICHHS KUCIOTOCTIMKOCTI BOJIOKHA B 3 1 OLjIbIIE pa3u.

Bcranosieno, mo 3amina CaO nHa MgO (6e3 3minum Bwmicty SiO2) HpHU3BOAWTH 10
ITIIBUIIIEHHS] KHCIIOTOCTIMKCTI BOJIOKOH. BincyTtHicTs MO mpu3BOAUTH 10 PO3YMHEHHS BOJIOKOH B
KHCJIO0TaxX, a noBHa 3amiHa CaO Ha MQO Hazae BOJIOKHAM BHUCOKY KHCIOTOCTIMKICTh. 301bIICHHS
BMicTy MQO Tako)X MO3UTHUBHO BIUIMBAaE Ha SKICTh BOJOKOH, iX MIIHICTh, €JACTUYHICTH 1
Temreparypoctiikicts. [Ipu abcomoTHOMY 301mbIneHHI BMicTy Al203 KHCIOTOCTIMKICTh BOJOKHA
3HUKYETBCSI, 110 TOSCHIOETHCS THM, 1[0 B MOMEHT YTBOPEHHS BOJOKHA Al 3HAXOIUTh B MIECTEPHii
KOOp/AMHAII 1 pO3MINIyEThCS HE y BYy3JaxX Kapkacy, a B IyCTOTax, BHACIIJOK YOro Kapkac
OCTa0IIIOETHCS 1 HOTO KUCIIOTOCTIKICTh Majae. dakTopamu, siKi BU3HAYAIOTh CTPYKTYPHI, (Bi3HKO-
MeXaHI4HI 1 XiIMiYHI BJIACTMBOCTiI 0a3aJIbTOBOrO BOJIOKHA € TEpMiYHa MpPEIiCTOpis 0a3aibTOBOT
MTOPOIK/PO3IIIaBy/BOIOKHA. 3TiHO aHAJI3y PEe3yJbTaTiB JOCIHIKEHb MOXHa 3pOOUTH BHCHOBOK,
10 XIMIYHHMIA CKJIaJ 1 KOHIIEHTPAIlisl €IEMEHTIB B KOPO31MHOMY CepeIOBHINI MICII BUTPUMYBAHHS
0a3a7pTOBOTO BOJIOKHA € (DYHKITiE€I0 OaraThb0X YMHHHUKIB 1 II€¥ Tpoliec Moke OyTH BHKOPHUCTAHHUMA
JUIsl OTpUMaHHS HOBUX Harepe/ 3aJaHnuX BIAaCTUBOCTEH CTPYKTYypH 06a3aJIbTOBOTO BOJIOKHA.

B 3anexHOCTI Bij CIIBBIJHOIICHHS MapaMeTPiB TEXHOJOTIYHOTO IMPOIIECY, MIHEPAILHOTO 1
XIMIYHOTO CKJIaqy 0a3albTOBOI WIMXTH, MPOIEC CTBOPEHHS CTPYKTYpH 0a3aJlbTOBOTO BOJIOKHA
MOXXJIUBO HaJaTH T€BHI CTPYKTYpHI XapakTEpUCTUKH, IO JAI0Th MOXJIHMBICTH OTPUMAaHHS
0a3aJpTOBOTO BOJIOKHA 3 HAIlEpe/] 3alaHUMH BJIACTUBOCTSIMHU.

[lepcriekTrBaMH TMOAATBIIUX JOCHIIKEHb € PEKUMHU TEXHOJOTIYHOTO MpOIeCy Taki SK
PEKUM OXOJIOKEHHsI 0a3aIbTOBOTO BOJIOKHA, IPOIIECH HOTO cTadisizarii.

1. Song J. Basalt fibre-reinforced PA1012 composites: Morphology, mechanical properties, crystallization
behaviours, structure and water contact angle J. Compos. Mater. 2014. V. 49. Ne 4., pp. 415-424.
2. Berdnyk O Yu, Lastivka O V, Maystrenko A A, Amelina N O. Processes of structure formation and

neoformation of basalt fiber in an alkaline environment. — IOP Conf. Series: Materials Science and Engineering. —
Innovative Technology in Architecture and Design (ITAD 2020). — Vol. 907. — 012036.
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Effect of acid solutions on the formation of the structure of basalt fiber.
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A. Maystrenko, Candidate of technical Sciences, Associate Professor of the Department of
technologies of building constructions and products,
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The purpose of the study is to obtain flexible heat-insulating products based on a modified
basalt fiber and the interaction of basaltic fiber with acid solutions. [1]. The tests were conducted
according to modern methods, such as: optical and electronic microscopy, chemical elemental
analysis and others. Determination of physical and mechanical properties and thermomechanical
characteristics was carried out according to traditional methods according to normative documents.

Basalt fibers have vitreous or submicrocrystalline structure, with interactions with reasons of
acids of various chemical nature due to certain dependencies and laws. In conducted studies [1,2] it
has been shown that the stability of basalt fibers to the action of inorganic acids depends
significantly on their chemical composition and processing conditions.

When increasing the temperature of the acid solution, accelerates the leaching process,
which is accompanied by hydrothermal aging of the fiber. An increase in the content of SiO2 leads
to an increase in the stability of fibers to the action of acids. As shown in literary sources [1] basalt
fibers containing SiO2>50 ... 60% are not soluble in acids.

The effect of Fe and Al oxides on the acid resistance of the basalt fiber is complex and
contradictory. According to research results, it can be noted that the replacement in the SiO2 glass
on Fe20s leads to a decrease in acid resistance of the fiber. However, such a decrease is not directly
proportional to increase the content of iron oxides.

Replacement of CaO and MgO oxides to iron oxides in an amount of 3 ... 15% without
changing the content of SiO2 first reduces the acid resistance, and with further increase in iron
compounds leads to an increase in the acid resistance of the fiber in 3 and more times. It has been
established that CaO replacement on MgO (without changing the content of SiOz2) leads to increased
acid-resistant fibers. The absence of MgO leads to the dissolution of fibers in acids, and the
complete replacement of CaO on MgO gives fibers with high acid resistance. An increase in MgO
content also positively affects the quality of fibers, their strength, elasticity and temperature
resistance. With absolute increase in the Al2O3 content, the acid resistance of the fiber is reduced,
due to the fact that at the time of the formation of fiber al finds in the gear coordination and is not
placed in the nodes of the frame, and in voids, as a result, the frame is weakened and its acidity
falls. Factors that determine structural, physical and mechanical and chemical properties of basalt
fiber are the thermal predominor of basalt breed / melt / fiber. According to the analysis of research
results, it can be concluded that the chemical composition and concentration of elements in a
corrosive medium after maintaining the basalt fiber are a function of many factors and this process
can be used to obtain new predetermined properties of the structure of the basalt fiber.

Depending on the ratio of parameters of the technological process, mineral and chemical
composition of basalt charge, the process of creating a basalt fiber structure is possible to provide
certain structural characteristics that allow basalt fibers with predetermined properties.

The prospects of further research are the modes of the technological process such as the
mode of cooling the basalt fiber, the processes of its stabilization.

1. Song J. Basalt fibre-reinforced PA1012 composites: Morphology, mechanical properties, crystallization
behaviours, structure and water contact angle J. Compos. Mater. 2014. V. 49. Ne 4. pp. 415-424.
2. Berdnyk O Yu, Lastivka O V, Maystrenko A A, Amelina N O. Processes of structure formation and

neoformation of basalt fiber in an alkaline environment. — IOP Conf. Series: Materials Science and Engineering. —
Innovative Technology in Architecture and Design (ITAD 2020). — Vol. 907. — 012036.
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IHopomkogi 1akogap0oBi NOKPUTTS AJIs 3aXHCTY BiJl KOPO3ii MeTajleBUX KOHCTPYKUii.

Onecs Jlacmieka, kano.mexu.nayxk, ooyenm xageopu THKB,

Oxkcana Beponuk, xano.mexn.nayx, ooyenm kageopu THKB,
Henuc Tomin, cmyoenm

Kuiscokuti nayionanvuuu ynisepcumem 6yoisnuymea i apximekmypu (m. Kuis)

Merta fgoCHipKeHHS - BHM3HAYEHHS KOPO31MHOI CTIMKOCTI mojieipHUX MOPOLIKOBUX
MOKPUTTIB 3 BUKOPUCTAHHSAM PI3HMX THUIIIB HAallOBHIOBAYiB Ta OoNTHUMI3alis ix ckianai. Bubip Bugy
3aXMCTy BiJ KOpO3ii Oy/iBeJIbHUX METalleBUX BUPOOIB Ta KOHCTPYKIIN sBIsE COO0I0 KOMILJIEKCHY
3a/1auy 3 ypaxyBaHHSM TEXHIKO-€KOHOMIYHUX 1 eKCIuTyaTamiiHux mokasHukiB [1]. TlopomkoBa
¢dapba — marepian SKUM € OJHUM 3 HAHOUIbII MEPCIEKTUBHUX JUII CTBOPEHHS TEXHIKO-
€KOHOMIYHOIO0 Ta €KOJIOITYHOTO 3aXHCHOTO MOKPUTTS ISl IIMPOKOIO aCOPTUMEHTY OyIIBEIbHHUX
BUpOOIB [2].

Komno3uniro nopourkoBoi (papou roTyBajid IIISXOM CIUIBHOTO 3MIIIYBaHHS B1AJ1030BaHUX
CHUPOBMHHUX MaTepiayiB B MiKCepax POTOPHOIO TUITY 3 MOJAJIBLIOI TOMOIEHI3ali€l0 cyMimn (pu
temneparypi 80...120 °C) B TepMOCTaTHUX IIHEKOBUX 3MillyBayax (€KCTpyJepax), BUJABIOBaHHAM

nacTonoAiOHol cywmiln 3 eKCTpyaepa, ii OXOJOIKECHHSIM,
MJTHHAX.

Ta MOAPIOHEHHSIM Ha CreliaJbHUX
Sk ¢akTopu BapilOBaHHSA y CKJIAAl KOMIIO3MILIH MOpomKkoBoi (apbu Oyno oOpaHo BMICT
noriepipaoi cmomm (50 — 70 %), HamoBHIOBaua y BUTIsAAl MerakaoiiHa (0 — 40 %), a Takox
HIrMeHTy y BUrsial aiokeuay tutany (10 — 20 %) 3Bepx 100 % Bin macu kommno3sunii. Pesynbratu
JOCTIIPKEHb KOPO31MHO1 CTIMKOCTI JE€KOPAaTHBHO-3aXMCHUX MOPOLIKOBUX IMOKPHUTTIB HAaBEJIEHO Ha
puc.1, puc. 2.
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Puc.1. - [3omapamerpuyuna miarpama 3MiHHA
HIMPUHU BiJIIAPYBaHHS MOKPUTTS 3
BUKOPUCTAHHSM METAKaOJiHYy B CKJIai
MOPOLIKOBHX (ap0.

Puc. 2. - [3onapamerpudHna giarpama 3MiHU
[IUPUHHA KOPO3ii TOKPUTTS 3 BUKOPUCTAHHSIM
METaKaoJIiHy B CKJIaJli TOPOIIKOBUX (apo.

3a pe3yabTaTaMH JIOCIIKEHb OTPUMAHO E€KOJIOTiuHI J1ako(hapOOBi MOKPUTTS MiJIBUIIEHOI
KOpPO31iHOi CTIHKOCTI HAa OCHOBI MOPOIIKOBUX (ap0, K1 MICTATh B SIKOCT1 HAIIOBHIOBAaYa CHIIIKATH Y
BUTJISAZI MeTakaojiHy. BHKOpHCTaHHS BKa3aHOrO HAaIllOBHIOBaua B CKJIaJAi MOPOIIKOBOI (apou
CTIpUsi€ 3MEHIICHHIO MMUPUHH BiIIapyBaHHS MOKPUTTS 10 2,13 MM Ta MIMPUHHA KOPO3il MeTay 10
1,38 MM micist BUIpoOyBaHHS B KaMepi COJIbOBOI'O TyMaHy 3 KOHJEHcAIi€o 5 % BOJHOTO pO3UUHY
XJIOPUJy HATpilO, a TAKOXK KIacH(iKye OTpUMaH1 MOKPUTTS 10 KaTeropii atMocdepHoi KOpo3iitHOi

arpecuBHocTi C3 Ta C4 3rigno 3 ISO 12944-2:2017, mo BiINOBIIHO, CTBOPIOE MEPEIYMOBH IS

BUKOPUCTAHHS BKa3aHUX KOMIIO3HIII B YMOBAX ITiIBUIIEHOT KOPO31HHOT arpeCHBHOCTI.

1. Puig, M. Anticorrosive Properties Enhancement in Powder Coating Duplex Systems by Means of ZMP
Anticorrosive Pigment / M. Puig, M.J. Gimeno, J.J. Gracenea, et al // Assessment by Electrochemical Techniques.
Progress in Organic Coatings, 77, 2014, pp. 1993-1999.

2. De Lange, P. A. History of Powder Coating / P. De Lange. — Paint & Coatings Industry Magazine Available,
2004. - Vol.2. —pp.16 — 24.
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Powder coatings for corrosion protection of metal structures.
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The purpose of the study was to study the corrosion resistance of polyester powder coatings
using various types of fillers. Choosing a type of corrosion protection for construction metal
products and structures considering the technical and economic as well as operating factors is a
complex problem [1]. Powder coating is one of the most perspective materials to create a technical
and economic as well as an eco-friendly protective coating for wide range of construction products
[2].

The composition of the powder coating has been prepared by mixing together dosed raw

materials in wheel-type mixers and homogenizing the mixture (at 80...120 °C) in thermostatic screw

mixers (extruders), pressing the pasty mixture out the extruder, cooling it and breaking to pieces
with special mills.

The content of the polyester resin (50 — 70 %), filler in the form of metakaolin or talc (0 — 40
%) as well as pigment in the form of titanium dioxide (10 — 20 %) have been selected as variation
factors in the compositions of the powder coating above 100 % of the composition mass. Results of

corrosion resistance tests for decorative and protective powder coatings are shown in the Fig. 1,
Fig. 2.
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Puc.1. - Isoparametric diagram of change in Puc. 2. - Isoparametric diagram of change in the
the peeling width  using metakaolin in metal corrosion width using metakaolin in
powder coating. powder coating.

According to the research results, we have obtained eco-friendly paint-and-varnishes coatings
of high corrosion resistance based on powder coating containing silicates as a filler in the form of
metakaolin and talc. Using the mentioned range of fillers in the powder coating contributes to the
decrease in the peeling width to 2.13 mm and metal corrosion width to 1.38 mm after testing in the
salt spray chamber with the condensation of 5 % of the sodium chloride water solution and places
obtained coatings into atmospheric corrosivity categories C3 and C4 according to ISO 12944-

2:2017, which creates conditions for using these compositions in the context of the excessive
corrosivity.

1. Puig, M. Anticorrosive Properties Enhancement in Powder Coating Duplex Systems by Means of ZMP

Anticorrosive Pigment / M. Puig, M.J. Gimeno, J.J. Gracenea, et al // Assessment by Electrochemical Techniques.
Progress in Organic Coatings, 77, 2014, pp. 1993-1999.

2. De Lange, P. A. History of Powder Coating / P. De Lange. — Paint & Coatings Industry Magazine Available,
2004. — Vol.2. — pp.16 — 24.
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BusnavyanpHe 3HaUYe€HHS NpPU TMPOEKTYBaHHI Ma€e METOIHMKA MOJIENIOBAHHS Oy[iBeNb 3
ypaxyBaHHSM PeaIbHOI pOOOTH KOHCTPYKIIiH, HEMIHIHHUX BIACTUBOCTEH MarTepiajiiB, BpaxXyBaHHS
IpoIiecy MOCTaAUHHOTO 3BEACHHS, a TAaKOXK MO0y 10Ba KOPEKTHOI KOHCTPYKTHBHOI CXeMHU OyIiBii 3
ypaxyBaHHSIM 3MIHM HaIpyK€HO-Ie(OPMOBAHOI'O CTaHy B IpOLECi >XKUTTEBOro Iukimy. [1].
BpaxyBaHHA TMpOIECIB JKATTEBOrO IMKIYy 3HAYHO BIUIMBAE Ha (OpMyBaHHS aJaeKBATHOI
PO3paxyHKOBOI KOMIT'FOTEPHOI MOiei Oy IiBJIi 1 Ha BUOIp pallioHAIBLHOTO CIIOCO0y pO3paxyHKY, IO
JI03BOJISIE  OTPUMATH peajbHI JaHi mpo HampykeHo-gegopmoBanmii cran (HIAC) nHecyuunx
KOHCTPYKIIii [2].

Y [0mnoBiJi NPOMOHYIOTHCS MiAXOAW, IO JO3BOJSIIOTH NMEPEUTH Bif paHille HPUHHATOL
KOHIIeTIIi po3paxyHKy (po3paxyHkoBa cxema - HJIC) mo cydacHOi - MOJeNrOBaHHS TPOIECIB
KHUTTEBOIO IUKITY (MPOLEC 3BEAEHHS, MPOLEC HAaBaHTAKEHHS Ta iH.). 30KpeMma, MPOIOHYETHCS
METOJMKa  MOJICNIOBaHHSA  OyniBenb Ha  Oporpecylode  OOBaJIeHHS 3 ypaxXyBaHHSAM
IIPUCTOCOBYBAHOCTI KOHCTPYKLIH.

3 BBEICHHSM B J1110 HOPMAaTUBHUX JOKYMEHTIB [2] 1110710 TPOEKTYBaHHS BUCOTHUX OY/1BEb,
chopMOBaHi BUMOTH, 3TiJIHO 3 SKMMHU IOBHHEH 3JIHCHIOBATHCS INPOLEC MPOEKTYBAaHHS OYIiBIIL.
OmHuM 3 TakWX BUMOT € PO3paxyHOK Oy[iBII Ha mporpecyroue oOBaneHHs. Takuii po3paxyHOK
BBIHOCUTBCS [0 aBapiiiHOi cuTyallii, i Mae Ha yBa3i JIOKaJbHEe OOBaJeHHS a00 MOIUIKOIKEHHS
OKpEMHUX EJIEMEHTIB HEeCyuMX KOHCTPYKIIH B MEXax OJHOTO IMOBEpXy ab0 YaCTHHH MEPEKPHUTTS
(obmexenoro momniero 10 80M2 abo aiamerpom 110 10M), sike He Beie 10 MOBHOTO pyHHYBaHHS BCI€T
KOHCTpyKLii 1 OyaiBmi B miomy. Ilpu npoMy B OKpeMHX elleMeHTaX KOHCTPYKIIH JTOMyCKAa€eThCs
PO3BHUTOK TPIIIMH 1 MIacTUYHMX Jedopmaliii B apmaTypi. Po3paxyHOK MIIIHOCTI Ta CTIHKOCTI
Kapkaca CIopyAu MPOBOJUTHCS Ha aBapiiiHe CHOMy4YeHHs HaBaHTakeHb. [Ipy 11boMy BIIIOBIAHO A0
HOPM - TPaHUYHI MepeMillleHHs] KOHCTPYKIIM He perJaMeHTyIOThCs, HEOOXIHO OLIHUTH 3arajbHy
CTIHKICTB OY/iBIIl B LILJIOMY.

MozenoBaHHS TMPOrpecyoyoro oOBaJeHHS HEOOXIAHO Ui JOCHIDKEHHS KHUBYYOCTI
KOHCTPYKIIi{, MOXJIMBOCTI 1 MEXaH13My ii IPUCTOCYBaHHS MPHU aBapiiHOMY BHXO/1 3 JaJy OKPEMHX
KOHCTPYKTUBHUX e€JeMeHTIB. Takuii aHami3 Moxe OyTH 3poOjeHHMii B pamMKax HENliHIHHOTO
JMHAMIYHOTO PO3PaxyHKY, OJHAK HOTO BHKOHAHHS IPH MAacOBOMY TPOEKTYBaHHI B JIaHWH 4ac HE
MPEJCTABISETHCS MOKIMBUM 3Ba)KalOUM HA BEJIMKY CKJIATHOCTI 1 peCypCOEMHOCTI pO3paxyHKy. Y
TOM K€ Yac, MO>KHA BBKATH HECIIPOMOIKHOIO 1 CIIpOOy MOJICITFOBAHHS MPOIECY «IIPOTPECYIOTOTO
pyHHYBaHHS KOHCTPYKIIi Ha OCHOBI JIIHIHHO-TIPY>KHOTO CTAaTHYHOTO PO3PaxyHKY, 3poOJeHy B
JesIKUX po0oTax i MporpaMHUX KOMIUTeKcax. /s BHpIMIEHHS TaKoro KIJIacy 3a/ad MPOIIOHYEThCS
MaTeMaTU4HE MOJEIOBAHHS MPOIleCy HaBaHTaKEHHS HA OCHOBI YTOYHEHOTO KPOKOBOT METOJY, SIK
OCHOBHOT'O METOAY IIPU MOJIETIOBAHHI MTPOLIECIB KUTTEBOTO IIUKITY KOHCTPYKIIH.

PeanizoBani B mporpamuomy komruiekci JIIPA-CAIIP meroauka ¢ismuHO-HENiHIHHOTO
pPO3paxyHKy KOHCTPYKIIIH 3 TPIITUHAMHU JT03BOJISIE BUKOHYBATH OITIHKY CTIMKOCTI 1 CTIMKOI MIITHOCTI1
KapKaca IpH IporpecyodomMy oOBalIeHHi.

3. bapabam M.C. MonenupoBaHHe 3allPOCKTHBIX BO3ACHCTBHHA IMPH HCCICIOBAHUH JKH3HCHHOTO I[HKJIA
KOHCTpYKLM# 31aHuid u coopyxeHuii // International Journal for Computational Civil and Structural Engineering. —
2016. -Vol. 12. — Issue 3. — P. 15-26.

4. J1BH B.2.2-41:2019. BUCOTHI BY JIBJII. OcHOBHI HOJOXEHHS.
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Determining the values in the design is a method of modeling construction based on the actual
operation of structures, nonlinear properties of materials, control of the stage erection’s process, as
well as construction of a correct structural scheme of construction considering changes due to
deformed state in the life cycle. [1]. Taking into account the life cycle processes significantly
influence the formation of an adequate computational computer model of the building and the
choice of a rational method of calculation, which allows to obtain real information about the stress-
strain state (SSS) of load-bearing structures [2].

The report proposes approaches that allow to move from the previously adopted concept of
calculation (calculation scheme - SSS) to modern - modeling of life cycle processes (erection
process, download process, etc.). Concentrated, a method of modeling construction on a progressive
fastening is proposed, considering the presence of structures.

With the introduction of regulations [2] on the design of high-rise buildings, the requirements
are formed, according to which the process of building design must be carried out. One such
requirement is the calculation of the building for progressive collapse.

This calculation refers to an emergency and implies local collapse or damage to individual
elements of load-bearing structures within one floor or part of the floor (limited area up to 80m2 or
diameter up to 10m), which does not lead to complete destruction of the structure and building as a
whole.

Thus, in separate elements of designs development of cracks and plastic deformations in
armature is allowed. The calculation of the strength and stability of the frame of the structure is
carried out on the emergency combination of loads. In this case, in accordance with the rules - the
maximum displacement of structures is not regulated, it is necessary to assess the overall stability of
the building.

Modeling of progressive collapse is necessary to research the survivability of the structure, the
possibility and mechanism of its adaptation in case of emergency failure of individual structural
elements. Such an analysis can be done in the framework of nonlinear dynamic calculation, but its
implementation in mass design is currently not possible due to the great complexity and resource
intensity of the calculation.

At the same time, an attempt to model the process of "progressive” destruction of the structure
based on linear-elastic static calculation, made in some works and software packages, can be
considered unsuccessful. To solve this class of problems, mathematical modeling of the load
process is proposed based on a refined step method, as the main method in modeling the life cycle
processes of structures.

Implemented in the software package LIRA-CAD technique of physical-nonlinear calculation
of structures with cracks allows you to assess the stability and stable strength of the frame with
progressive collapse.

1. Barabash M.S. Modelirovanie zaproektnij vozdeystviy pri issledovanii zhiznennogo tsikla konstruktsiy zdaniyi
sooruaheniy // International Journal for Computational Civil and Structural Engineering. — 2016. —Vol. 12. — Issue 3.
—P. 15-26.

2. DBN B.2.2-41:2019. VISOTNI BUDIVLI. Osnovni polozhennya.
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Po3paxyHok cranesanizoderonnnx koncrpykuiii B IIK JITPA-CAITP

FOpii I'enzepcokuii, Kano.mexH.HAYK, 3ACMYNHUK OUPEKMOpa

TOB JIIPA CAIIP,

BaxxnuBy posb y MPOEKTyBaHHI BUCOKOS(DEKTUBHHUX OY/IIBEIbBHMX KOHCTPYKIIIH BiIirparoTh
CTaJe3a1i300€TOHHI eJeMeHTH.  Bimomo, mo crane3ani3o0eTOHHI KOHCTPYKIIi palioHaIbHO
3aCTOCOBYBATH JIJISl IEPEKPUTTS BEIUKUX MPOJIHOTIB. B TakuX KOHCTPYKLIAX 13 cTane3anizo0eToHy
MPOEKTYIOThCS TUIUTH, Oanku, pureini, Gpepmu, CTIHOK, SKi CIPHIMAIOTh BEJIMKI HABaHTAXECHHS
(KOJIOHM TTPOMUCIIOBHX Ta IUBUILHUX Oy1iBelb, oropu JIEII Tomo) B iHkeHEpHUX CHIOpyAax.

TakoX JOBEACHO TO3UTUBHI SKOCTI 3ITHYTHX KOHCTPYKIIH 13 JKOPCTKOIO CTaJIeBOIO
apmatypoto. [IpukiamoM MOXyTh OyTH MOHOJITHI IUTUTH IO MPOQII-0BAHOMY HACTHIY, OQJIKH 3
TIOTIEpPETHIM HaNpy>KeHHSIM apMatypu i 6e3.

Crane3anizo0eTOHHI KOHCTPYKIIi, 0 3apeKOMEHIyBali ceOe sIK HailiHI Ta €KOHOMIYHI,
MOCTIHHO PO3BUBAIOTHCS 1 MOTPEOYIOTh PO3BUTKY MPOTPaMHOTO 3a0€3MEeUYeHHS IS MIBHAKOTO Ta
HAJIHOTO MPUMHATTSA MPOEKTHUX PIIICHb.

IIK JIIPA-CAIIP, sk nmpoBigHWI BITYN3HSHUI IPOTPAMHHUNA KOMITJIEKC, IPUILIAE PO3PAaXyHKY TaKUX
koHcTpykuUiii Benuky yBary. B IIK JIIPA-CAIIP peanizoBaHo mepeBipKy 3aii300€TOHHUX Iepepi3iB 3
KOPCTKOIO apMaTypoIO, a TAKOX MiA0Ip J0AaTKOBOTO apMyBaHHS THYYKOIO apMaTypoIo 3a HE0O0XiTHOCTI.

1. IbH B.2.6-160:2010.Konctpykmii OyanHKiB i criopyn. Crane3anizo0eToHHi KOHCTpYKIIii. OCHOBHI ITOJTOKEHHS.
2. TexHiuHUit pernaMeHT OyAiBeIbHUX BUPOOIB, OyIiBesb i ciopya”, 3aTBep/KeHui nocraHoBoro Kabdinery
MinictpiB Ykpainu Big 20 rpynuast 2006 p. Ne 1764

Design of composite (RC & steel) structures in LIRA-SAPR software

lu. Genzerskiy, Ph.D., Deputy Director
LIRA SAPR ltd.

Composite (reinforced concrete & steel) elements are extremely important in design of highly
efficient building structures. Composite (RC & steel) structures are quite useful when it is necessary
to cover large spans. The following objects are designed as composite structures: slabs, beams,
girders, trusses, piers, that take high loads (columns of industrial and civil buildings, power
transmission line supports, etc.) in engineering structures.

Bent structures with stiff steel reinforcement are also proved to be beneficial. For example,
monolithic slabs on profiled sheeting, beams with/without prestressing of reinforcement.

Composite structures have proven to be reliable and efficient. These structures are subject to
continuous development, so they require advanced software to make design decisions quickly and
effectively.

LIRA SAPR company as a leading domestic software developer focuses on the analysis of
such structures. In LIRA-SAPR program it is possible to check the RC sections with stiff
reinforcement and to select additional reinforcement as bent reinforcement, if required.

1. DBN V.2.6-160:2010. ‘Building structures. Composite (RC & steel) structures. General provisions’.
2.‘Technical regulations for construction products, buildings and structures’ approved by the decree No. 1764 of the
Cabinet of Ministers of Ukraine (December 20, 2006).
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MeToau po3paxyHKy BOrHecTiiikocTi 3a/1i300eToHHNX KOHCTPYKIii B [IK «JITPA-CAIIP»

Onvea bawuncoka, Kano.mexu.HayK, iHH#CeHep-npocpamicm

TOB «JIIPA-CAIIP»

Po3paxyHok 3a1i300€TOHHUX KOHCTPYKLINH Ha BOTHECTIMKICTh - OAMH 13 HAMBa)KIMBILIMX
€TamiB MPOEKTYBaHHSA. Y HOPMAaTUBHHMX JIOKyMEHTaX HAaBEIEHO KUIbKa BaplaHTIB PO3pPaxyHKY
KOHCTPYKIII Ha BOTHECTIWKICTh: CIPOILEHUHN, YTOUHEHUI METOJT PO3PaxyHKY, a TaKOK PO3PaXyHOK
3a TaOJIMYHUMHU JaHUMHU.

MeTor0 JaHOrO JOCHIDKEHHS € aHali3 MINHOCTI 1 JAedopMamifHUX XapaKTepUCTHK
3aJ11300€TOHHUX €JIEMEHTIB KOHCTPYKIIii 32 YMOBU BOI'HEBOT'O BILIUBY.

JI71st MOCSATHEHHS MTOCTaBJICHOT METH BUPIIICH] HACTYIIHI 3aBJAaHHS:

- BHUPIIICHO 3a/1a4y TEIUIONPOBITHOCTI METOAOM CKIHUEHHHUX €JEMEHTIB, B SIKOMY BHUSBJICHO
3MiHY TeMIepaTypu O Mepepizy KOHCTPYKTUBHOTO €JIEMEHTY B 4aci;

- MPOAHANI30BaHO XapaKTEPUCTUKU MILHOCTI B JIHINHIM Ta HENiHIMHIA MOCTAHOBLI, B SIKHX
B35TO JO yBaru 3MiHYy MIIHOCTI 1 JedopMalifiHUX BJIACTUBOCTEN MaTepiaiiB MHpU MiABHUILEHHI
TEMIIepaTypH.

Po3paxyHok 3a TaOIIMYHUMU JAaHUMH - HAHOUIBII IPOCTUIN BapiaHT, KOJU MOXHA BU3HAUYUTHU
TOBIIMHY 3aXMCHOTO LIapy OETOHY B 3aJI€KHOCTI BiJl KJIaCy BOTHECTIMKOCTI KOHCTPYKIIii 1 reoMeTpii
nepepisy.

[Ipu copolieHoMy METOJI PO3paxyHKy BBa)aeThCs, 10 OETOH mpH TemnepaTypi moHan 500
°C He BpaxoBYEThCS B p00OOTI KOHCTpYKLii. ToMy HEOOX1AHO BUSHAUUTH PO3INOALT TEMIEPATYPH IO
nepepi3y eJIeMeHTa, 1 B 3aJIeKHOCTI BiJ] TEMIIEPATypHUX IOJIIB - BUKOHATU MILHICTHUN PO3paxyHOK
MPUBEJICHOTO Tepepidy. AJsie BUIE3a3HAUYEHI BaplaHTU pO3pPaxyHKy J0Boii oOMmexeHi. Tax,
HaNpUKJIal, po3paxyHOK 3a TaOJMYHUMHU JAHUMHU MOXHA BUKOPUCTOBYBATU TUIBKU JUISl IEBHOI'O
3HAYEHHS HABAaHTAXXCHHSI, BEJIIMYMHHU EKCUEHTPUCUTETY 1 THYUKOCTI €JEeMEHTIB. A CHpOIleHa
METOJIMKa HE Ja€ MOXIIMBOCTI BPaxOBYBaTH 3MiHM XapaKTEpUCTHK MIITHOCTI MaTepialiB MHpu
MiABUIIEHHI TeMIepaTypu. Y TOW 4Yac, sIK YTOYHEHHH METOJ PO3PaxyHKY € YHIBepCATbHUM IS
Oyab-KO1 KOHCTPYKIII 1 J03BOJIIE BpaxyBaTH 3MiHY BIacTUBOCTEH O€TOHY 1 apMmaTypu NpHU
BOTHEBOMY BILTHUBI.

[Ipu po3paxyHky OyniBenb i CHOPYZ Ha BOTHECTIHKICTh, JUIsI KOKHOTO 1HXEHepa TOJIOBHUM
MYTIBHUKOM Y pPO3paxyHKax € HOPMATWUBHI JOKyMeHTH. [l Toro, mo0 BWKOHATH YTOYHEHHU
pPO3paxyHOK KOHCTPYKLIi Ha BOTHECTIHKICTh HEOOXiJHO B TMepIly 4Yepry 3HaTH, SK Oyxae
PO3MOAUIATHCS TEMITEpaTypa o Mepepizy KOKHOTO KOHCTPYKTUBHOTO €IIEMEHTY, SIKUH MiANa€eThCs
BOTHEBOMY BIUTMBY. TakoX, B HOpMax CKa3zaHo, II0 MPHU TaKOMY MiAX0/i HEOOXiAHO BpaxoBYBaTH
nedopmartii moB3y4oCTi.

3rifHO 3 YTOYHEHHMM METOJOM pO3paxyHKy, HEOOXiJHO TPOBECTU TEMJIOTEXHIYHUN
pPO3paxyHOK, Ha OCHOBI SIKOTO MOTPIOHO 3MIHUTH MEXaHIYH1 BJIaCTUBOCTI MaTepiaiB.

Jns Toro, mo® BHMKOHATH TEIUIOTEXHIUYHUH PpO3paxyHOK - MOTPIOHO BUPILNIMTH 3ajauy
TETJIOMPOBITHOCTI.

BupimuTi 1any 3aaqy MOXKJIMBO METOJOM CKIHUEHHHUX €JIeMEHTIB a00 METOJJOM CKIHYEHHUX
pizHuLb. [lpu BUKOpHUCTAaHHI MEPHIOrO METOAY, KOHCTPYKIIO MOJENIOITh CHelialbHUMU
CKIHYEHHUX €JIEMEHTaMU 3 OJHHM CTYIIEHEM BUIBHOCTI - TEMIIEpaTyporo, sfKa € CKaJIPHOIO
BEJIMYUHOIO.

[Ticns BU3HAUEHHS TEMIIEPATYPHUX TOJIIB KOHCTPYKIIii, B PO3TIISHYTIH MaTeMaTHYIHIN Mozemi
HEOOXITHO 3HM3HUTHU YKOPCTKICHI XapaKTepUCTHKH MaTepiaiiB i 3pOOMTH MILICTHUHA PO3paxyHOK.
[Ipu Takomy miaxoni, Ijs BU3HAUYEHHS MOBHUX JedopMalliii KOHCTPYKIII MOTPIOHO BPaxOBYBATH
nedopMariiro moB3y4oCTi.

1. €spoxon 2. IlpoexTyBaHHS 3ani300eTOHHHX KOHCTpYyKmiH. YactmHa 1-2. 3arampHi monokeHHA. Po3paxyHok
KOHCTpyKIiii Ha Boruectiiikicts: JJCTY-H EN 1992-1-2:2012 (EN 1992-1-2:2004, IDT).

2. EN 1992-1-2 (2014): Eurocode 2: Design of concrete structures — Part 1-2: General rules — Structural fire design
[Authority: the European Union Per regulation 305/2011, directive 98/34/EC, Directive 2044/18/EC].
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Fire resistance analytical methods for reinforced concrete structures in SP "LIRA-SAPR""
O. Bashynska, Ph.D., software developer

LLC “LIRA-SAPR”

The fire resistance analysis of structures is one of the most important design stages. The
building rules expound several variants of fire resistance analysis of structures: simplified, qualified
methods of calculation and the calculation with reference to the tabular data.

The goal of the research is the studying the strength and deformation characteristics of
reinforced concrete floor slabs under fire exposure.

To achieve this goal it has solved the following tasks:

- the problem of heat conductivity by the method of finite elements. By solving the problem,
it revealed the temperature change all over the cross section of the structural element in time;

- linear and nonlinear strength problems, which take into account changes of the strength
and deformation properties of materials according to the temperature increasing.

The calculation with reference to the tabular data is the easiest way when you can determine
the thickness of the concrete protective layer, according to the fire resistance class of the structure
and geometry of the section.

In the simplified analysis method, it is estimated that concrete at temperatures above 500 °C
can’t be taken into account in the operation of the structure. Therefore, it is necessary to determine
the temperature distribution all over the cross-section of every element. According to the
temperature fields distribution we have to perform a strength calculation of the reduced cross
section. But, the abovementioned analysis types have some limitations. For example, the calculation
with reference to the tabular data must only be used for a certain level of loads, eccentricity values
and flexibility of elements. A simplified method doesn’t give us the opportunity to take into account
changes in the strength characteristics of materials caused by increasing temperature. At the same
time, the proposed analysis method is universal for any mathematical model and makes it possible
to take into account the changes of the properties of concrete and reinforcement during a fire action.
While realizing the fire resistance analysis of buildings and structures, for every engineer the most
important thing is a choice of building rules and regulatory documents.

The choice of these documents depends on the country in which the construction is planned
to be built. It is stated that in order to perform a qualified calculation method of the structure for fire
resistance, it is necessary first of all to know how the temperature will be distributed all over the
cross section of each structural element which is exposed to fire impact. The regulatory documents
also state that with this approach it is necessary to take into account creep deformations.

According to the qualified methods of calculation, it is necessary to do a thermal design. On
the basis of the thermal design it is necessary to change the mechanical properties of materials. In
order to perform a thermal design, it is necessary to solve the problem of thermal conductivity.

It is possible to solve this equation by the finite element method or by the finite difference
method. When using the first method, the structure must be modeled by special finite elements with
one degree of freedom - temperature, which is a scalar value.

After determining the temperature fields all over the structure, in the considered
mathematical model it is necessary to lower the stiffness characteristics of the materials and to
make strength calculation. With this approach, to determine the total deformations of the structure it
IS necessary to take into account the creep deformation.

1. €vrokod 2. Proyektuvannya zalizobetonnikh konstruktsiy. Chastina 1-2. Zagalni polozhennya. Rozrakhunok
konstruktsiy na vognestiykist: DSTU-N EN 1992-1-2:2012 [Design of reinforced concrete structures. Part 1-2.
General. Fire resistance calculation of structures] (EN 1992-1-2:2004, IDT).

2. EN 1992-1-2 (20014): Eurocode 2: Design of concrete structures — Part 1-2: General rules — Structural fire design
[Authority: the European Union Per regulation 305/2011, directive 98/34/EC, Directive 2044/18/EC].
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CreprkHeBi aHATIOTH /151 MOJEJIOBAHHS OydiBeJIbHUX KOHCTPYKUIii

Mapuna Pomawkina', xano. mexn. nayx,
Anopii T omMauiescoKuii, acnipaum,

'TOB «JIIPA CAIIP», m. Kuis
2Hayionanvnuii asiayitinui ynieepcumem, m. Kuis

I[Ipu MmopemoBaHHI  OyZiBeNPHUX  KOHCTPYKIIM METOJOM  CKIHYEHHUX €JIEMEHTIB
BUKOPHUCTOBYIOThCSI CKIHUEHH] €JIEMEHTHU Pi3HOI pO3MIPHOCTI: CTEP>KHEBI, INIACTUHYACTI 1 00'€MHI.
Bubip TOro um iHIIOro TUIMY CKIHYEHHOIO €JIEMEHTa, MO-Teplle, pOOUTHCS 3 METOIO 3a0e3MeUeHHs
JIOCTaTHHOIO MIPOIO BIAMOBITHOCTI MK MATEMaTUYHOIO MOJEIUIIO 1 JIHCHOIO pOOOTO KOHCTPYKIIIT
sgKa MOJENOeThcsl B 3a1aHux ymoBax [l1]. ITo-gpyre, BuOip poOuTBhCS Ha KOPUCTh CKIHYEHHHUX
€JIEMEHTIB, NOTPIOHUX JJI1 MOJENIIOBaHHS KOPEKTHOTO By3Jla MPUMHUKAHHA JO 1HIIMX €JIEMEHTIB,
3pyyHHMX Ui 300py HaBaHTaKEHHs 1 aHanizy pesynabprariB. CydacHi IHTErpoBaHI HpOrpamMHi
KoMIUIeKcH OynaiBenbHoro mnpusHaueHHs, Taki sk [IK JIIPA-CAIIP, TakoX BHKOpPHUCTOBYIOTH
pO3paxoBaHi BHYTPILIHI 3yCHJUIS B CKIHYEHHUX €JI€MEHTaX JUIl BUKOHAHHS I1HIIMX HPUKIAJHUX
pPO3paxyHKiB: pO3paxyHKiB Ha MIIHICTh, CTIHKICTh 1 KOHCTPYIOBAHHS 3a/11300€TOHHUX, CTAICBUX 1
apMOKaM'stHUX KOHCTpyKUid. Lleil (akT Takoxk omocepeakoBaHO BIUIMBAE€ Ha BUOIp HEOOXITHHX
THUIIIB CKIHUEHHHUX €JIEMEHTIB.

IcHytoTh OyniBedbHI KOHCTPYKIII, II0O MOJENIOIOTHCS B CWIYy 3a3HAYEHHUX BHILE HPUYHMH
Ha0OpOM CKIHYCHHHX €JIEMEHTIB PI3HOI PO3MIPHOCTI, OJHAK 32 XapaKTepOM CBO€i poOOTH moai0H1
cTepkHAM. JI0 TaKMX KOHCTPYKIM BITHOCSATHCS, HANPUKIIA/, MiJIOHU, IEPEMUYKH, OaTKU-CTIHKY 1
T. 1. [lonepeuni nepepi3u B LUX KOHCTPYKLISAX OyAyTh MpeICTaBICHI B PO3PAaXyHKOBUX MOJEISAX
CYKYITHICTIO CKIHYEHHUX €JIEMEHTIB 1 By3:iB. J[JIs 1eTaqbHOrO aHaii3y IUX KOHCTPYKLINA KOPHCHO
(a mus OpUKIAIHUX PO3paxyHKIB - HEOOXIJHO) BU3HAUWUTH BHYTPILIHI 3yCHJUIS B iX CKJIQJOBHX
MOTIEPEYHHX Tepepizax aHAJIOTIYHO 3YCHIUISAM B MomnepedHux nepepizax crepxkHis. Y IIK JIIPA-
CAIIP taky 3anauy Bupimye cuctema "CrepikHeB1 aHajIoru'.

CrepKHEBHI aHAJOT - 1€ TPyIa CKIHYEHHUX €JIEMEHTIB 1 iX BY3JiB, JIOTIYHO MOB'SI3aHUX 32
MIEBHUM TIPABUIJIOM, 1110 BU3HAYAE OCOOJIMBHIA aJITOPUTM PO3PaxXyHKY BHYTPIIIHIX 3yCHIIb B OJJHOMY
CTEp>)KHEBOMY CKIHUEHHOMY eyieMeHTI. Llel cTep)kHeBUil CKIHUEHHUH eleMeHT OyJeMO Ha3MBaTH
[UTBOBUM CTEpXKHEM. BHyTpIlIHI 3yCcH/UII B PO3PaxyHKOBHX Iepepizax LiTbOBOTO CTEPXKHS
PO3paxoBYIOTbCS HE Ha OCHOBI IepeMillleHb HOro BY3JiB, a IIISIXOM IiJICYMOBYBaHHs BY3JI0BHX
peaxuiii Bij HAOOpiB OOpaHUX CKIHYCHHUX eleMeHTiB. IlepembadaeTncs, MO0 KOKEH Takud HaOIp
CKIHUCHHHX €JIEMEHTIB (GopMye CO0O0I0 CKIAJCHUN TMOINMEepeYHUil TMepepi3 KOHCTPYKINi, sKa
aHaJi3yeThesl. A By3IH, peakiii B IKUX IMiJICYMOBYIOTBCS, JIEXKATh B IUIOLIMHI IIbOTO Tiepepizy. Taki
BY3JIY 1 eJIeMeHTH Oy/1eMO Ha3uBaTH BUX1THUMH 00'€KTaMH CTEP’KHEBOI'O aHAJIOora.

3acrocyBanHs B CE-MoJensx CTep)KHEBUX aHAJOTIB B PsJli BHUIAJIKIB MOXE BUSBUTHCA
HaWOIIBIIT TPUHHATHUM ITiJIX0JIOM TIPH aBTOMAaTH30BAaHOMY KOHCTPYIOBAaHHI €JIEMEHTIB, poOoTa
AKUX ONM3pKa J0 poOOTH CTepkHIB. Tak, MpH KOHCTPYIOBaHHI MEPEMUYKH apMaTypy HAJIEKHTb
PO3MILYBAaTH y BEPXHiil 1 HUKHIN IpaHsAX eJeMEeHTa, IPU KOHCTPYIOBAHHI KOJIOHU - MEPEBAXKHO 110
KyTax ii momepeuHoro nepepizy. HopMaTHBHI BUMOTH OPi€HTYIOThH iHXKEHEPIB MiI0UpaTH apMaTypy
Ha OCHOBI IHTEIPOBAHUX 3yCHJIb B MONEPEYHUX Nepepizax enemeHTiB. Ha ocHosi HJIC nepemuuku
ab0 KOJIOHHM, OTPHMAaHOTO 32 MOJEJUII0 3 IUIOCKMX CKIHYEHHHMX €JIEeMEHTIB, mialip apMaTypH €
J0cuTh npobneMaTHuHUM. CTep)KHEBI aHAJIOTH, TAKOX, OMOCEPEKOBAHO BUPILIYIOThH 1 MpobiIeMy
BpaxyBaHHS KOHILIEHTpAIIil HAIIPYKEeHb B MICIIAX OMOP Ta iHIIUX TOYOK CHHTYJISPHOCTI.

1. Meton KOHEUHBIX DJIEMEHTOB: TEOpHUsA M YMciacHHas peanuszanus / opogeuxwuii A. C., Esepor U. /1., Crpernen-
Crpenenkwuii E. B. u qp. — K. : ®@akr, 1997. — 138 c. — (IIporpammusiii komiuieke JIMPA-Windows).
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Bar analogues for simulation of building structures

Maryna Romashkinal, PhD,
Andrii Tomashevskyi?, postgraduate student,

YWLIRA SAPR» Ltd, Kyiv
2National Aviation University, Kyiv

When building structures are simulated by the FEM, different finite elements may be applied:
bars, plates and solids. Certain type of finite element is defined by the user in order to ensure
sufficient correspondence between the mathematical model and the actual behaviour of the
simulated structure in the specified conditions [1].

The user defines finite elements that will be appropriate to simulate correct joints with other
elements, to collect loads and evaluate analysis results. Advanced integrated software packages for
analysis of building structures, such as LIRA-SAPR software, also use internal forces (in finite
elements) obtained in FEA in order to carry out other types of analyses: strength analysis, stability
analysis and analysis of reinforced concrete, steel and masonry reinforcing structures.

There are building structures that for the abovementioned reasons are simulated with a set of
different finite elements but by behaviour they are similar to bars. Such structures include for
example, pylons, lintels, wall-beams, etc. The cross-sections of these structures will be represented
in the design models by a set of finite elements and nodes.

For a detailed evaluation of such structures, it is useful (and for applied calculations it is
necessary) to determine the internal forces in their composite cross-sections in the same way as the
forces in the cross-sections of bars. The ‘Bar analogues’ system is introduced in LIRA-SAPR
program for such purpose.

Bar analogue is a group of finite elements and their nodes that are logically connected
according to a certain rule. The rule stipulates a special algorithm for calculating internal forces in
one bar finite element.

This bar FE will be referred to as the target bar. Internal forces in design sections of the target
bar are calculated by summing up the nodal reactions from the sets of defined finite elements rather
than based on the displacements of nodes of the bar.

It is assumed that each such set of finite elements represents a composite cross-section of the
structure and the nodes where reactions are summed up belong to the plane of this section. Such
nodes and elements will be called the initial objects of the bar analogue.

In some cases the most acceptable approach is to use the bar analogues in FE models for the
computer-aided design of elements if behaviour of the elements is similar to bars. For example, for
design of a lintel, reinforcement should be arranged at the upper and lower edges of the element, for
design of a column - preferably at the corners of its cross-section.

Regulatory documents require that engineers should select reinforcement based on integrated
forces in the cross-sections of elements. It is problematic in many aspects to analyse reinforcement
on the basis of the stress-strain state of a lintel or a column obtained by a model from plane finite
elements. Bar analogues are also helpful to consider the stress concentration at the support points
and triangulation points.

1. Finite Element Method: theory and numerical implementation / A.S.Gorodetsky, 1.D.Yevzerov, E.B.Strelets-
Streletsky, etc. — K. : Fakt, 1997. — 138 p. — (LIRA-Windows software).
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ITtepaniiini ckinuenni enementu B IIK "JIIPA-CAIIP"

Anamoniu Ilikyne, x.m.H., iHdicenep, OoyeHm Kagedpu memanesux ma Oepes siHUX
KOHCMPYKYIl,
TOB «JIIPA CAIIP»
Kuiscoxuii nayionanvnuil yrigepcumem 6yoienuymea i apximexkmypu (m. Kuig)

EdexkTuBHICTP BUKOPUCTaHHS MarepiajiB KOHCTPYKII B Cy4YacHOMY OYJIiBHHIITBI
HEPO3PHUBHO TOB’s13aHa 3 TOYHICTIO PO3PAXYHKY TaKMX KOHCTPYKLIN 3a JONOMOTOIO NMPOTPaMHOIO
3a0e3nedyeHHs. JliHiiiHA CKIHYEHHO-CJIIEMEHTHA MOJIEIbh HE 3aBXKIU Ja€ MOXJIMBICTH IMPaBUIBHO
MpoaHaNi3yBaTH  HaNpyXeHO-AepopMOBaHMI  CTaH  KOHCTPYKIii. B  Takux  Bumaakax
BUKOPHUCTOBYIOTh HeNiHIMHI Metoau, 3o0kpema, [IK «JIIPA-CAIIP» no3Boisie mopentoBaTu
KOHCTPYKLIi 3 ypaxyBaHHSAM T€OMETPUYHOI, KOHCTPYKTHBHOi, TI'€HETH4YHOI Ta (Hi3MYHOI
HemiHIHHOCTeH. J[7s po3B’si3aHHS TaKWX 3a/ad4 BUKOPUCTOBYIOTH ITEpalliiiHl Ta KPOKOBI METOIH.
KpokoBi meronu 0a3yroTbcs Ha IOKPOKOBOMY IPHMKIJIAJAaHHI HAaBaHTaXEHHS 1 pO3B’A3aHHSA
KBa31CTaTUYHHUX 33/a4 Ha KO)KHOMY KpOIll (T€OMETPUYHO, (PI3UYHO Ta FTEHETUYHO HEJHINHI 3a/1a4l),
itepaniiitni Meronu [IK «JIIPA-CAIIP» Bxiro4aroTh 10 cebe MeTon CiyHUX («iHKEHEpHa»
HENIHIMHICTh) Ta METOJ KOMIIEHCYIOUMX HABaHTAK€Hb (KOHCTPYKTHUBHO Ta ()I3MYHO HEIIHINHI
3a/1a4i).

MeToro ociiKeHb € MOPIBHAHHS €()eKTUBHOCTI PO3B’sI3aHHS 3a]a4 3 ypaxyBaHHAM (Pi3UYHO
HEJIHIHHUX XapaKTEepUCTHK MaTepialliB 3a JOMNOMOIOI0 METOAy MOCHTIJOBHUX HAaBaHTAXXEHb Ta
METOZy KOMIICHCYIOUMX HaBaHTaxxeHb. bibmioreky ckindeHHux enemeHTiB [IK «JIIPA-CAIIP
2021» NMONMOBHEHO HOBUMHU CKIHYCHHHMH €JIE€MEHTaMU (CTEpKHEBI, MJIACTMHYATI Ta MPOCTOPOBI),
IO Peati3yloTh TEOPi0 MPYXKHOCTI Ta IUIACTUYHOCTI U PO3PAXyHKY METOAOM KOMITEHCYHOUHMX
HaBaHTAXEHb 3aj7[ady CTATUYHOIO Ta JAMHAMIYHOro aedopmyBaHHs. OOuaBa METOAM MArOTh Pl
nepeBar Ta HemMoJiKiB. Jlo OCHOBHOI mepeBard METOJy TIOCTIJOBHUX HAaBaHTAXXEHb € TE, IO
PO3B’A30K ICHY€ 3aBXAM 1 HaBITh SKIIO MOJEIb PYWHYETHCS Yy HpOIECi PO3paxyHKy, TO MOXKHA
BIJICTE€XKMTH MOYATOK TAaKUX MPOIIECIB, ajie MPU HABAHTAKEHHSX, IO PI3KO 3MIHIOIOTH HaNpsSIMOK
MaloTh e(eKT 3ami3HeHHs (KOPCTKICTh €JIeMEHTa Ul HACTYIHOTO KPOKY BU3HAYA€THCS BiJl 3yCHIIb
MOTOYHOTO KpoKy). [Ipu iTepauiitHoMy METO1, SKIIO MOJENb KOHCTPYKIT BTpaThiia TPUMKICTh, TO
po3B’A30K He cxoauTbes. CyTTEBHMH 3K IepeBaraMd METOJy KOMIIEHCYIOUMX HaBaHTaXEHb Ha
OCHOBI HOBHX ITE€pallifHUX CKIHYEHHHUX €JIEMEHTIB € HACTYIIHI:

- HE CTIpUIMAalOTh Ha cebe OUBII 3yCHIUIA, HK MOXKYTh TPUMATH;

- JTAIOTh MOXIIMBICTh BpaxyBaTH pO3BAaHTAKEHHS MaTepialy 3 IOYaTKOBHM MOJIYJIEM

HpPYy>KHOCTI;

- [IpU pyHYBaHH1 HE (IKCYIOTHCS HAKOMHYEH1 3yCHILIS;

- IPU PO3B’SA3KY 3a7a4 IMHAMIKH B IIPSIMOMY Yaci BiJICYTHiH e(eKT 3amizHeHHS;

- OJIHO3HAYHICTh HANpPyXEeHO-AePOPMOBAHOIO CTaHy (B 3ali300€TOHHUX THepepizax 31

CKJIaJHUM pPO3TAlIyBaHHSIM apMaTypHUX CTPHXKHIB OJHOMY Habopy 3ycHUJb MOXe

BIJINOBIIATH JEeKiIbKa HabopiB nedopmaliid, BXIAHUMH TapamMeTpaMu Uil KPOKOBUX

€JIEMEHTIB € 3yCHILIS, TSl iTepaliiiHux - nedopmariii).

B mpomeci mocmiKeHHS pO3B’S3aHO PSII TECTOBHX 3a7ad 3 BHUKOPUCTAHHSAM Jliarpam
negopmyBaHHs OeToHy Ta cTaimi. Y pe3yibTaTi JOCTIJDKEHHS MIATBEPIKEHO e(PEKTHUBHICTh
3aCTOCYBaHHSI IT€paIliiHUX CKIHYCHHUX EJIEMEHTIB JIJII MOJICITIOBAHHS CTATUYHUX Ta JUHAMIYHUX
3aJa4 3 ypaxyBaHHAM (i3UMYHO HEJTIHIMHUX BIACTUBOCTEN MaTepiamy.

1. Toponeuxuii A.C., EB3epos 1./1. KomnbtorepHsie Mogenu koucTpykuuit. K.: ®akr,- 2007. c. 392.

2. bimnk A.C. Po3paxyHoK crajieBux 0alloK 3 ypaxyBaHHSM PO3BHUTKY IiBUIIEHHX IUIACTHYHUX Aedopmaniii / A. C.
binuk // ByniBenbHi KoOHCTpykuii: Teopis 1 mpakrtuka. — 2018. — Bun. 2. — C. 26-33. - Pexum pocrymy:
http://bctp.knuba.edu.ua/article/view/193281

3. Knosanuu C.®., Manumxo JI., Makcumenko B.I1. Teopist mractTudaHOCTI B OyAiBEIBHOMY IPOCKTYBAHHI. —
Oneca: OHMY, 2017. - 154 c.

4. Mansour, M., Lee, J.-Y., & Hsu, T. T. C. (2001). Cyclic Stress-Strain Curves of Concrete and Steel Bars in
Membrane Elements. Journal of Structural Engineering, 127(12), 1402-1411. https://doi.org/10.1061/(ASCE)0733-
9445(2001)127:12(1402)
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Iterative finite elements in the PC "LIRA-SAPR"

A. Pikul, Ph.D., engineer, Associate Professor of the Department of Metal and Wood
Structures,
“LIRA SAPR” Ltd.
Kyiv National University of Construction and Architecture

The efficiency of the use of construction materials in modern construction is inextricably
linked with the accuracy of the calculation of such structures using software. The linear finite-
element model does not always make it possible to correctly analyze the stress-strain state of the
structure. In such cases, nonlinear methods are used, in particular, PC "LIRA-SAPR" allows
modelling structures taking into account geometric, structural, genetic and physical nonlinearity.
Iterative and stepwise methods are used to solve such problems.

Stepwise methods are based on step-by-step loading and solving quasi-static problems at
each step (geometrically, physically and genetically nonlinear problems), iterative methods of PC
"LIRA-SAPR" include the method of Secant Modules (“engineering™ nonlinearity) and the method
of compensating loads (structurally and physically nonlinear problems).

Problems with physically nonlinear characteristics of materials were considered. The
purpose of the research is to compare the efficiency of solving such problems using the method of
sequential loads and the method of compensating loads. The library of finite elements of PC
"LIRA-SAPR 2021" is supplemented with new finite elements (rod, plate and space), that
implement the theory of elasticity and plasticity for calculation by the method of compensating
loads of problems of static and dynamic deformation.

Both methods have several advantages and disadvantages. The main advantage of the
method of sequential loads is that the solution always exists and even if the model collapses in the
calculation process, you can track the beginning of such processes, but at loads that dramatically
change direction have a delay effect (the stiffness of the element for the next step is determined
from the internal efforts of the current step).

In the iterative method, if the design model has lost its strength, the solution does not
converge. Significant advantages of the method of compensating loads based on new iterative finite
elements are the following:

- do not absorb more effort than they can hold;

- make it possible to take into account the unloading of the material with the initial module
of elasticity;

- at destruction the accumulated efforts are not fixed;

- when solving problems of dynamics in direct time there is no effect of delay;

- unambiguity of the stress-strain state (in reinforced concrete cross-sections with a complex
arrangement of reinforcing bars, one set of internal efforts can correspond to several sets of
deformations, the input parameters for step elements are forces, for iterative - deformations).

During the research, several test problems were solved using stress-strain diagrams of
concrete and steel. The study confirmed the effectiveness of iterative finite elements for modeling
static and dynamic problems taking into account the physically nonlinear properties of the material.

1. Gorodetskii A.S., Evzerov I.D. Komp’uternye modeli konstruktsii. K.: Fakt,- 2007. s. 392.

2. Bilyk A.S. Rozrahunok stalevyh balok z urahuvanniam rozvytku pidvyshchenyh plastychnyh deformatsii / A. S.
Bilyk // Budivelni konstruktsii: teoriia i praktyka. — 2018. — Vyp. 2. — s. 26-33. — Regym dostupu:
http://bctp.knuba.edu.ua/article/view/193281

3. Klovanych S.F., Malyshko L., Maksymenko V.P. Teoriia plastichnosti v budivelnomu proektuvanni. — Odesa:
ONMU, 2017. - 154 p.

4. Mansour, M., Lee, J.-Y., & Hsu, T. T. C. (2001). Cyclic Stress-Strain Curves of Concrete and Steel Bars in
Membrane Elements. Journal of Structural Engineering, 127(12), 1402-1411. https://doi.org/10.1061/(ASCE)0733-
9445(2001)127:12(1402)
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3agaHe apmMyBaHHs, MOKIUBOCTI peanizanii Ta Bukopucranus B [IK JIIPA-CAIIP
Bixmop Tumok, npogionutil indicenep

TOB «JIIPA CAIIP» (m. Kuis)

B TIK «JIIPA-CAIIP» peanizoBaHo mi0ip apMaTypu AJsi CTEP>KHEBUX Ta IJIACTHHYATHX
esieMenTiB 3riiHo HopMm JIBH B.2.6-98:2009 «betonHi Ta 3amizo0eTonHi koHCTpykii» ta JJCTY b
B.2.6-156:2010 «betonHi Ta 3a/i300€TOHHI KOHCTPYKIIi 3 BaXkoro OeroHy». Kpim migbopy
apMaTypHl ICHy€ HarajbHa MOTpeba y mHepeBipli 3ai300€TOHHHUX Nepepi3iB CTEPKHEBUX Ta
TUTACTUHYATHX €JIEMEHTIB 3 ypaxXyBaHHAM 33J]aHOTO apMyBaHHSI.

Jlns peanizanii nepeBipku 3a1i300€TOHHUX €JIEMEHTIB 3 ypaxXyBaHHSAM 3a/laHOTO apMyBaHHS
po3po0JieHl Ta BUKOPUCTOBYIOTHCS CHEIlaJIbHI 1HCTPYMEHTH IPOrpaMu, 3a JOINOMOIOK SIKHX €
MOJKJIMBICTh 3aJ]aBaTH IO3/I0BXKHE Ta IIONEpeYHe apMyBaHHS IMEpepi3iB Ta MNpHU3HAYaTH L€
apMyBaHHS Ha €JIEMEHTH cxeMH. Ha Ko)KeH eleMeHT Moxke OyTH 3aJaHO SK OJUH THI 33JaHOTO
apmyBaHHA (T3A), Tak 1 komOiHauis 3 nekiabkox T3A. T3A MoxyTh OyTH 3a/aHi Ha MJIACTUHYATI
€JIEMEHTHU 110 HUKHBOMY Ta BEpXHbOMY IIapax B3JI0BXK MiclieBUX ocel X Ta Y.

JUisi CTep)KHEBUX €JEMEHTIB NpsSMOKYTHoro mnepepisy T3A MoxkHa 3ajaBaTH pi3HUMH
crocobaMu: MpocTUi (TUIBKU MO3JO0BXKHS apMarypa), KOMOIHOBaHMH (IIO3JOBXKHS 1 MOIEpeyHa
apMaTypa), orepeyHa apMaTypa, TOUHUH Ta CKIAJeHUN (MOXKe CKIagaTucs 3 Oyab-IKOro Habopy
npocTux 1 KoMOiHOBaHMX). KpiM MpsSMOKYTHOTrO Tepepisy, AJIs CTEPKHEBUX CJIIEMEHTIB MOXYTb
OyTH 3anani T3A KinbLeBOro (Kpyrioro) nepepisy Ta CKiaJeHoro (TaBpoBoro, 1BOTaBpoBoro). s
TaBpOBOTO Ta JBOTaBPOBOro mepepidiB T3A 3agaroThCs OKpeMO ISl TPSIMOKYTHUX (opM, M0
CKJIaJaloTh Hepepi3 CTePXKHS — Yy CIUCKY HONEPeIHbO BUOMPAETHCS IMOJIOKEHHS I'PYNU CTEP>KHIB
(cTiHKa, MMOJIMYKA, BEPXHS MOJIMYKA, HIDKHA Nojaudka). T3A i CTIHOK Ta MOJIMYOK 33Ja€ThCs Tak
camo, SIK JUIs CTEPXHs MPAMOKYTHOrO nepepisy. T3A 11 KiibleBOro, TABPOBOTO Ta IBOTABPOBOI0
mepepiziB AK 1 A MPSAMOKYTHOTO TIEpepidy MOXKHA 3aJaBaTH PI3HUMU CIOCOOaMU: TPOCTHUH,
KOMOIHOBaHMH, MMONIepevHa apMaTypa, TOUYHUIN Ta CKIIaICHHH.

T3A wmoxyte OyTtu chopMoBaHI Ha OCHOBI IOTOYHOI IIKATM pPE3yJbTATIB Mig00py
apMyBaHHA. L[ MOXJIMBICTb CTa€ AOCTYIMHOIO B PEXHMI MEperisily pe3yibTaTiB KOHCTPYIOBAHHS
JUIsL 3aJ1i300€TOHHUX KOHCTPYKINH 1 y TOMy BHMNAJAKY, KOJIU JJISi PO3PaxXyHKOBOI CXeMHU BUOpaHHIA
PEXUM MEpersiy O/iHIeT 3 MO3aik apMyBaHHsI B CTEPKHAX a00 IIaCTUHAX.

B pe3ynbraTi nepeBipku CTEpP)KHEBUX 3a11300€TOHHHUX €JIEMEHTIB 3 ypaxyBaHHIM 33JJaHOTO
apMyBaHHS OOUYHCITIOIOTHCS HACTYTHI KOe(DIIIEHTH 3amacy apMyBaHHS:

- 3awminnictio [1] Ta [2];

- Ha Jiro KpyTHOoro momenty [1] ta [2];

- Ha jiro nepepizyrounx cui [1] ta [2];

- Ha po3kpuTTA TpimmH [1] Ta [2];

- moBHa nepeipka [1] Ta [2].

B pesynbrari mepeBipKH IUIACTUHYATUX 3aTi300€TOHHHMX €JEMEHTIB 3 YypaxyBaHHSIM
3aJJaHOTO apMYBaHHS OOUMCITIOIOTHCS HACTYTHI KOS(IIIEHTH 3a1macy apMyBaHHS:

- 3awimmicrio [1] Ta [2];

- Ha po3kputTs TpiuwmH [1] Ta [2];

- moBHa nepesipka [1] Ta [2].

PesynbraTi po3paxyHKy AOCTynHI B TpadidyHOMY 1 TaOIMYHOMY BHJI, Ta OKpPEMO B
JIOKAJIbHOMY peXuMi apMyBaHHsI. Peanizalis nepeBipku 3ai300€TOHHUX MEPEpPi3iB 3 ypaxyBaHHSIM
3aJIaHOTO apMyBaHHS po3mmproe MoxutuBocTi BukopuctanHs [1IK «JIIPA-CAIIP» He Timbku yis
HOBOTO, a ¥ ans icHylo4oro OyAiBHUITBA. Temep € MOXIUBICTh HE TIIbKA BHUKOHATH
KOHCTPYIOBAaHHS JJIsi HOBOTO OYIIBHHUIITBA, @ i BHKOHATH IEPEBIpKYy, Ta y pas3i HEOOXimTHOCTI
MiJCUJICHHS, ICHYIOUMX KOHCTPYKIIiH 3a/1i300€TOHHUX Oy/1iBeIb Ta CIIOpY.

1. IBH B.2.6-98:2009 «betonHi Ta 3a1i300eTOHHI KOHCTPYKLii. OCHOBHI ITOJIOKEHHS.
2. JICTY b B.2.6-156:2010 «beroHHi Ta 3a:11300€TOHHI KOHCTPYKIIIT 3 BaxKoro 6etony. [IpaBuiia npoeKTyBaHHSD).
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Options to implement and use the pilot reinforcement (PR) in LIRA-SAPR
Viktor Tytok, lead engineer in Technical Support Team,
LIRA SAPR (Kyiv)

LIRA-SAPR program supports analysis of reinforcement for bars and plate elements
according to DBN B.2.6-98: 2009 ‘Concrete and reinforced concrete structures’ and DSTU B
V.2.6-156: 2010 ‘Concrete and reinforced concrete structures made of heavyweight concrete’. In
addition to analysis of reinforcement, there is a critical need to check the RC sections of bar and
plate elements with account of pilot reinforcement.

The special tools are introduced in the program to check the RC elements with account of
pilot reinforcement. These tools enable the user to define longitudinal and transverse reinforcement
for the sections and assign this PR type to the elements of the model. For every element it is
possible to define either one type of pilot reinforcement (PR type) or a combination of several types
of PR.

PR types may be applied to the plate elements at the lower and upper edges along the local
axes Xand Y.

For bars of rectangular cross-section, PR types may be defined in different ways: simple
(longitudinal reinforcement only), combined (longitudinal and transverse reinforcement), transverse
reinforcement, exact and compound (may consist of any set of simple and combined ones). In
addition to the rectangular cross-section, for bars it is possible to define PR types with the circular
(round) cross-section and built-up (T-shaped, I-shaped). For T-shaped and I-shaped sections, the PR
types are defined separately for the rectangular shapes included in the cross-section of the bar -
location for the group of bars (web, flange, top flange, bottom flange) is defined in the list. PR types
for webs and flanges are set in the same way as for the bar in rectangular cross-section. PR types for
circular, T-shaped and I-shaped sections as well as for rectangular sections may be defined in
different ways: simple, combined, transverse reinforcement, exact and compound.

PR types may be generated on the basis of the current colour palette for reinforcement. This
option is available in the mode of analysis results for the RC structures and in case any mosaic plot
of reinforcement in the bars or plates is defined to be displayed on design model.

After analysis of RC bars with account of pilot reinforcement, the following reserve factors
for reinforcement are computed:

- for strength [1] and [2];

- for torsion [1] and [2];

- for shear force [1] and [2];

- for crack propagation [1] and [2];

- complete check [1] and [2].

After analysis of RC plates with account of pilot reinforcement, the following reserve
factors for reinforcement are computed:

- for strength [1] and [2];

- for crack propagation [1] and [2];

- complete check [1] and [2].

Analysis results are available in graphical and tabular form, and in the local mode of
reinforcement as well.

Analysis of RC sections with account of pilot reinforcement makes it possible to use LIRA-
SAPR program not only for new but also for existing structures. Now the user could carry out
analysis & design for the new structure but also to check and, if necessary, to strengthen the
reinforcement of existing structures of RC buildings.

1. DBN V.2.6-98:2009 ‘Betonni ta zalizobetonni konstrukcii. Osnovni polozhennya’.
2. DSTU B V.2.6-156:2010 ‘Betonni ta zalizobetonni konstrukcii z vazhkogo betony. Pravyla proektuvannya’.
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MopenoBanns naneabHux Oyaiseas B IIK CAII®IP

Onexcanop Jlazapees, npogionuii indcenep MmexHiuHol NiOMpUMKU,
Onexcanopa Apmamonoesa, indicenep mexuniyHoi niompumKu,

TOB «JIIPA CAIIP

B nmanmii yac cmocrepira€rbcs akTHBHE BiIPOPKEHHS BEIMKOIAHENbHOro OyniBHUITBA. B
nepury 4epry I€ TIOB'S3aHO 3 EKOHOMIYHUMHM NpUYMHAMH. TpH KHUTH, Ha SKUX CTOiTh
BEITMKONAaHENIbHE )KUTIIOBE Oy NiBHHUIITBO, - 1€ IBUKICTh, HAAIHHICTD, HY, 1 3BU4alHO, TOCTYITHICTb.
ToOTO mMmiABUINCHWI TIONMUT Ha IaHENIbHI OymiBII TMOB'S3aHUN HacamIiepes, 3 IMOTpeOo B
HEI0POTOMY >KUTIII, 110 3BOJUTHCS B HAMKOPOTII TEPMiHH 1 3 30€peKEHHSIM BUCOKOT SIKOCTI pOOIT.

3 TOYKM 30py MOJEIIOBaHHA OyAIBEIbHUX KOHCTPYKLIM i po3paxyHKy, OCHOBHA
BIIMIHHICTb 30ipHUX OYAMHKIB BiJl MOHOJITHUX IOJISTa€ B HASBHOCTI B HUX OCOOJMBOI CYTHOCTI -
CTHKY 30IpHHUX €JIeMEHTIB 1 HEeOOXIJHOCTI IOro MpaBWJIBHOIO aHAIITUYHOTO YSBJICHHS B
PO3PaxXyHKOBIH cxemi.

Cruk mnaneneit B [IK CAII®IP - ocobnuBuii 00'exT. BiH iCHye TuIbkM Ha NEpETHHI
KOHCTPYKTHUBHUX €JIEMEHTIB Mojeli OyaiBii (CTiH, MEPEKPUTTIB) 1 XapaKTepu3ye OCOOIUBOCTI X
3’eqnanHd. [Ipy CTBOpeHHI CTHKIB B MOJENI, B 3aJ€KHOCTI BiJ TOJIOKEHHS €JIEMEHTIB, IO
3'€IHYIOTBCS 1 IX KIJIBKOCTI, BU3HAYAETHCS TUIl CTUKY: BEPTHKAJIbHUI a00 rOpU30HTANIBHUHN, CTiHA-
cTiHa, abo cTiHA-IUIMTA-CTiHA 1 T.II.

VY po3paxyHKOBIA cXeMi BEpTHUKaIbHI CTUKU IPEJICTAaBJICHI TaKUM YHMHOM. Y MOTPIOHHX
MICLSX 3 BU3HAUEHUM KPOKOM pO3TALLOBYIOTHCSI 3'€AHYBaJIbHI €JIEMEHTHU 3a/JaHO1 MKOPCTKOCTI.
3'eAHyBaNIbHI €JIEMEHTH MOJIEIIIOIOTHCS 1BOBY310BUMH eneMeHTamu KESS abo 255.

Jlis TOpU30HTaNbHUX CTUKIB (POPMYIOTHCS CIELialbHI KIHLEBI €JIEMEHTH IUIaT(GOpPMHOIO
CTHKY, Kl B TIOBHI{ Mipi B11oOpaXkatoTb HOro poOoTy B peanbHOCTI (111 BepTUKIBHUX (10 Z1) Ta
3cyBHUX (1m0 X1) 3ycwib Ta gedopmariiii €IeMEHT Mpalfoe K Oaka-CTiHKa, ajie KpPIM I[bOTO 3
IUTOIIMHYU €JIEMEHTY JO0AA€ThCS 3CYyBHA XKOPCTKICTh IIaTGopMHOro ctuky). JKoperkicts Takux KE
CTHKY B 3araJlbHOMY BHUIIQJIKy OINHUCY€EThCSA TPHOXJIIHINHOWO Alarpamoro ¢ — €. [lapameTpu niarpamu
(mapu Gi Ta &) BU3HAYAIOTHCSA B 3aJEKHOCTI BiJ] KOEQIIIEHTY MiIIATIMBOCTI Ai Ha BIAMOBIIHIN
yacTuHi aiarpamu, Bucotu KE cTuky 1 HanpyXeHb Gi, IpH AKUX BiI0YBA€ThCS 3MiHA MM1AaTINBOCTI.

Jnsa xiHueBux eneMeHTiB 1iardgopmuoro ctuky (KE 58/59 ta 258/259) BuKOHYeThCS
aBTOMaTHYHE OOYHMCICHHS JKOPCTKOCTi. PO3paxyHOK BeAeThCs MUIsl BHIAAKY KOPOTKOYACHOI il
HaBaHTaxeHHd 3a Gpopmynamu [1]. [Ipu po3paxyHKy naHeqIbHUX OYJHHKIB B TOMY YHUCIi HEOOXITHO
MEPEeBIPUTH MILHICTh TOPU3OHTAIBHOIO CTUKY MpU CTHUCHEHHI. Po3paxyHOK Hecydoi 3/1aTHOCTI
cTUKy TakoX BHKOHYeTbCsi B CAII®IP 3rimno [1]. 3HaueHHS NOTOHHOI MIIIHOCTI CTUKY NpHU
KOpPOTKOYacHIM 1 TpuBamiii nii HaBaHTaxkeHH1 mnepenaerbcs B BI3OP-CAIIP y BignosinHi
AKOPCTKOCTI.

Crux B mozeni CAII®DIP cTBOproeThCsi HA OCHOB1 010T10TEKH CTUKIB. Y 0107i0TeIl CTHUKIB
CTMOYATKy € KiJIbKa HaJallITOBAHMWX CTHUKIB, 1HIII MOXXHa JOJaTH 3a JOMOMOTor 0a30BUX CXeM i
3aJati iM HEOOXiJHI mapaMeTpu. € 1HCTPYMEHTH, IO T03BOJSIOTh BHKOHATH aBTOMATH30BAaHE
PO3MILLIEHHST CTUKIB B MPOEKTOBAHUH OyIMHOK. SIKIIO HEOOXiAHO BHECTH 3MiHHM Y BIACTHBOCTI
CTHUKIB, JIOCTaTHbO BHECTH 3MIHU B OJMH CTHK 1 MOTIM 3aCTOCYBATH iX JUIsl 1HIIMX CTHUKIB TaKoi X
Mapku abo Turmy 3a jgornomoror komauHau «llommputw». Bero iHdopmarito mo cTukax MOKHA
Mo0auYnTH y 3BEJICHIN BIJIOMOCTI CTHKIB. [CHY€E TakoX M1arHOCTHKA CTHKIB, sIKa I03BOJISI€ BUSIBUTH B
NaHeITbHOMY OYJIMHKY MaHeJIi, IKi He TOB'A3aHi CTUKaMHU.

B pesynbrati po3paxyHKy MOXKHA OTPUMATH HaNpy>KeHO-Ie()OPMOBAHUHN CTaH CXEMH, 130T0JIS
1 MO3aiKu HaNpy>KeHb B CTUKAX 1 3yCHJIb B OKPEMHX 3B'SI3KaX, /1€ BUKOPHCTOBYIOTHCS 3’ €IHYBANbHI
eneMeHTdH. MoenmtoBaHHsI poOOTH BEIIMKOMAHEIBHOTO OYJIMHKY 3aBXIU OYJIO0 JyXKe TPYIOMICTKE,
asie iHcTpyMeHTH cucteMu «llanenbHi OyAiBNIi» HACTIABKU 3pY4Hi, II0 MOXHA MPOAHATI3yBaTH
ONIMH BapiaHT, BHECTH 3MIHM B CXEMy 1 WPOTATOM TIBrOAWHU-TOAWHU TIOPaxXyBaTH BKE
JIbTEpPHATUBHUN BapiaHT.

1. CII335.1325800.2017 «KpynHomaHenbHbIE KOHCTPYKTHUBHBIE CUCTEMEBI. [IpaBria mpoeKTHPOBAHUS
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Modeling of panel buildings in SAPFIR software

O. Lazariev, lead engineer in Technical Support Team,
O. Artamonova, , engineer in Technical Support Team,

Lira SAPR, LTD

Nowadays, there is an active revival of large-panel building construction. First of all, this is
due to economic reasons. The three pillars on which large-panel housing construction stands are
speed, reliability, and, of course, affordability. l.e. the increased demand for panel buildings is
related to the demand for inexpensive housing, erected in the shortest possible time and with high
work quality.

In terms of modeling of building structures for analysis, the main difference between precast
and monolithic buildings is the presence of a special entity in them - the joint of the precast
elements and the necessity of its correct analytical representation in the meshed model.

The panel joint in SAPFIR software is a special object. It exists only at the intersection of the
structural elements of the building model (walls, floors) and characterizes the features of their
connection. When creating joints in the model, the joint type is determined: vertical or horizontal,
wall-wall, or wall-slab-wall, etc. The type of joint depends on connected elements and their
quantity.

In the meshed model vertical joints are presented in the following way: connection elements
of a given stiffness are placed at the desired locations with a predetermined step; the connecting
elements are modeled by two-node elements FE 55 or FE 255.

For horizontal joints special finite elements of the platform joint are formed. They fully reflect
its operation in reality (for vertical (by Z1) and shear (by X1) efforts and deformations this element
works as wall-beam but out of the element’s plane is also added shear stiffness of platform joint).
Stiffness of such FE is described by three-linear diagram ¢ — .

Parameters of this diagram (pairs ci and i) are determined depending on flexibility factor Aion
corresponding part of a diagram, height of joint FE and stresses oi at which the flexibility factor is
changed.

For finite elements of a platform joint (FE 58/59 and 258/259), automatic stiffness analysis is
performed. Analysis is carried out for the short-term action of the load by the formulas [1]. When
analyzing panel buildings, it is also necessary to check the compression strength of the horizontal
joint.

The analysis of the bearing capacity of the joint is also performed in SAPFIR according to [1].
Information about the joint strength values for short-term and long-term loads is transferred to
VISOR-SAPR in the corresponding stiffnesses.

The joint in the SAPFIR model is created based on a library of joints. There are a few pre-
configured joints in the library of joints to start with. The others can be added with the help of basic
schemes and set the necessary parameters for them. There are tools that allow you to perform
automatic placement of joints in the projected building. If it is necessary to make changes in the
properties of the joints, you can change 1 joint and apply these changes to other joints of the same
tag or type by using the "Duplicate” command. All information about joints can be seen in the
schedule of joints. There is also a joint diagnostic, which allows you to find panels in a panel
building that are not connected by joints.

As a result of the analysis, it is possible to obtain the stress-strain state of the scheme, contour
and mosaic plots of stresses in joints and efforts in individual connections, where embedded parts
are used. Modeling the operation of a large-panel building has always been difficult, but the tools of
the system "Panel Buildings" are so user-friendly that you can analyze one option, make changes to
the model and within half an hour to analyze the alternative.

1. SP 335.1325800.2017 « Krupnopanelnue konstruktivnue sistemu. Pravila Proektirovaniya»
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Excnepru3sa 3aiizo0eTonnnx koHcrpykuiii y IIK «JIIPA-CAIIP»

Anopin Tomawescokuil, acnipanm, iHxiceHep,

Hayionanvnuii asiayitinui ynisepcumem (m. Kuis),
TOB «JIIPA CAIIP»

VY cydacHUX TpOTrpaMHUX KOMIUIEKcax OyiiBenbHOrO npusHadeHHs, Takux sk 1K «JIIPA-
CAIIP», nns BU3HAYCHHS apMyBaHHS IPU IPOCKTYBaHHI 3al1i300€TOHHUX KOHCTPYKIIH 1HXEHED
MPOXOAUTH JeKinbKa eTamiB. Ha mepmomy erami BUKOHYETHbCS JIIHIHHUM PO3paxyHOK MOJETi 3
MPUBEJICHUMH >KOPCTKOCTSAMHU eyieMeHTIB (3a metoaukoro O. C. 3anecosa [1]), miadip apmyBaHHS,
yHiiKaIiss apMyBaHHS B €JIEMEHTax BIAMOBIIHO J0 KIIBKOX BHOpPaHUX MapoOK KOHCTpyKuid. Ha
JIPYroMy eTari 3a OJIepKaHUM apMyBaHHSAM (OPMYIOTHCS HEJiHIWHI YKOPCTKOCTI €JIEMEHTIB Ta
BUKOHYETHCS PO3PAXYHOK 3 ypaxyBaHHSAM ()i3MyHOi (B TOMY YHCIi 3 ypaxyBaHHSM IOB3y4YOCTI
OCTOHY) Ta TCHETUYHOI (aKTyaJIbHO I BUCOTHUX OyziBenn) HemiHidHOCTI. [ aBToMaTH3anii mux
nox eraniB y IIK «JIIPA-CAIIP» 3actocoByeTbesi cuctemMa «lHxKeHepHa HeNMiHIHHICTEY» [2], AKY
CHIJl COPUIMMATH SK METOJ YTOUYHEHOTro Nu(epeHIiiOBaHOTO BpaxXyBaHHS 3HUKEHHS JKOPCTKICHUX
XapaKTePUCTHK 3a1i300€TOHHUX eJleMeHTiB. Ha TpeTrboMy erami ajs JiiHeapu30BaHOI MOJENi 3
OJIep’)KaHUMHU  JIIUCHUMHU YKOPCTKOCTSIMH  €JIEMEHTIB BUKOHYIOTHCSI MOJAJbIli  PO3paxyHKH
CHOJIy4eHb 3yCHIIb, PO3PaXyHKH JWHAMIKH CIOPYAM Ta HOPMATHBHI NEPEBIPKU KOHCTPYKIIH 3a
MIIHICTIO, TPIIIMHOCTIWKICTIO Ta AehOpMaIlisiMU.

Jis mepeBipok 3a1i300€TOHHUX KOHCTPYKIH 3a HOpMmatuBHMMH BuMoramu y IIK «JIIPA-
CAIIP» icuytotbh iHcTpyMeHTH ekcriepTru3u 3bK. HeoOximHicTh BUKOHAHHS TAaKUX MEPEBIPOK MOXKE
BUHUKATH HE JIMIIEC HA 3aKII0YHOMY €Tarli MPOEKTYBaHHs NPU HOBOMY OYAIBHMIITBI, a i Ha paHHIX
eTarnax MpOeKTyBaHHS HpU Po3poOLl MPUHIMIIOBUX CXEM apMyBaHHS KOHCTPYKIH 3a MapKamu,
OOYMCIICHHI TPUBEACHUX MKOPCKOCTEH KOHCTPYKIIM, a TakoXK Ha eTami OOCTEXEHHS ICHYIOUYHX
KOHCTPYKIIIA Ta MPOEKTYBAaHHS MiJICUJICHHS TPHU PEKOHCTPYKIii. Bupimryroun 11i 3amadi, iHXeHED
MOBMHEH MaTH MOXJIUBICTh THYYKO 3aCTOCOBYBaTH iHCTpyMeHTH ekcrneptusu 3BK, a cawme:
MOJIETIIOBATH TOMEPEeYHi Mepepi3u JOBUIbHOI (OPMU Ta 3 TOBUIBHUM PO3TAlIyBaHHSIM apMaTypH,
BpPAaxOBYBaTH T'€OMETPHYHI HEIOCKOHANOCTI Ta Je(EeKTH eJIEeMEHTIB, 3afaBaTu TudepeHIiiioBaHi
XapaKTEPUCTUKHA MIITHOCTI Ta JAe(OPMATHUBHOCTI MaTepiayliB A PI3HUX PEKUMIB pPOOOTH
KOHCTPYKIIiH.

Jns anamizy HopmanbsHOro nepepizy koHctpykiii y TTK «JITPA-CATIP» moxHa 3acTocyBaTu
cucremy «KoHCTpykTOp Tepepi3iB», sSka HO3BOJISAE€ Uil Tepepidy MOBUIBHOI KOHiryparmii (3
JEKUIBKOX KOMITOHEHTIB, pi3HUX 3a (opMOI Ta MarepiajJoM) BH3HAYMTH TEOMETPHYHI Ta
KOPCTKICHI XapaKTepUCTUKH SK s JIHIHHOI poOOoTH MaTepianiB, Tak 1 3a HeNiHIHHOIO
nedopmartiiinoro moaemwtto (HIAM). Ilpu anamizi medopmamiii Ta HampyxeHb 3a H/IM moxHa
3pOOUTH BUCHOBKH PO JAOCSTHEHHS MEePepi3oM IPaHUYHUX CTaHIB 3a MEPIIOI0 Ta APYTOr0 IPyHaMH,
MoOaYMBIIM HAOYHO TIOJNOKEHHS HEWTpalibHOI JIiHii, CTUCHYTOI 30HH, 30HU pYyHHYBaHHS,
nedopmarlii Ta Hanpy>keHHs Ha $idpax OETOHY 1 B apMaTypHHUX BKIIOUEHHSIX.

Jlns mepeBipku Tepepi3iB CTaHIAPTHUX (GOpM 13 3aJaHUM apMyBaHHSM 3aCTOCOBYETHCS
BIZIMOBITHUN 1HCTPYMEHT, IIO JT03BOJISIE OTPUMATH 3HAUYEHHS Koe(ilieHTIB 3amacy 3a MIIHICTIO Ta
TPIIIMHOCTIMKICTIO. 3 METOK MOAAIBIIOT0 PO3BUTKY maHoro HampsMky B IIK «JIIPA-CAIIP»
PO3pOOIISIOTECS IHCTPYMEHTH JUIS TIEPEeBIPKU 32 HOPMAaTUBHHUMM BUMOTaMH OaraToMaTepialbHUX
nepepi3iB AOBUIBHOI ¢GopMu Ta KoH(irypamii apmyBaHHSA. Lli ekcriepuMeHTaabHI 3aCTOCYHKH
SBIISIIOTH COOOI0 PO3IIMPEHHs IMporpamMu Ha 6asi Biakputoro APl i 103BOJSAIOTH BUKOHYBATH
Oararo(yHKIIIOHAIbHUA aHami3 Tmepepidy 3a gomomororo HJIM 3a diTKMMH BUMOTaMH
HOPMATHUBHUX JJOKYMEHTIB.

1. 3amecoB A. C. Pacuer >xene300€TOHHBIX KOHCTPYKIHMU IO TpouHocTd W nedopmanusm / A. C. 3amecos,
9. H. Koaprm, JI. JI. Jlemsrmn, Y. K. Hukutun. — M.: Ctpoitnzaar, 1988. — 320 c.

2. Topogenxuit A. C. Komnbrorepusie Mozaenu kouctpykimii / A .C. Topongenxwuii, U. J1. EB3epos. — [2-¢ u3n., nom.]
—K.: ®AKT, 2007. —39%4 c.
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Checking of reinforced concrete structures in "LIRA-SAPR"

A. Tomashevskyi, postgraduate student, engineer,

National Aviation University (Kyiv),
“LIRA SAPR” Ltd

Using modern AEC software packages, such as "LIRA-SAPR", an engineer goes through
several stages to calculate reinforcement in reinforced concrete structures. The first stage is the
linear calculation of model with reduced stiffness characteristics of elements (A. S. Zalesov’s
method [1]), the reinforcement calculation and unification in the elements under several selected
marks. At the second stage nonlinear stiffness characteristics of elements are formed from the
received reinforcement and calculation continues considering physical (also with creep of concrete)
and genetic (relevant for high-rise buildings) nonlinearity. To automate these two stages "LIRA-
SAPR" uses the system "Engineering nonlinearity™ [2], which should be perceived as a method of
refined differentiated consideration of the reduction of stiffness characteristics of reinforced
concrete elements. At the third stage other calculations are performed for the linearized model with
obtained actual stiffness characteristics of elements, such as: calculations of load combinations,
calculations of the structure dynamics and building code checking for strength, crack resistance and
deformations.

There are some tools for checking of reinforced concrete structures according to the building
codes in "LIRA-SAPR". The need to perform this checking may occur not only at the final stage of
new building design, but also during design of reinforcement schemes at the early stages,
calculation of reduced stiffness characteristics, examination of existing structures and strengthening
design for reconstruction. Solving these tasks, an engineer must be able to flexibly apply the tools
for RC structures checking, namely to model cross sections of arbitrary shape and random
arrangement of reinforcement, to consider geometric imperfections and defects of elements, to set
differentiated characteristics of strength and deformability of materials for different operating
modes of structures.

To analyze the normal cross-section of the structure element in "LIRA-SAPR" you can use
the system "Cross-Section Designer”. It allows you to calculate the geometric and stiffness
characteristics for both linear operation mode of materials and nonlinear deformation model (NDM)
of the cross-section of any configuration (made of several components, with different shapes and
materials). When analyzing the deformations and stresses using NDM, it is possible to draw
conclusions about the reaching ultimate and serviceability limit states in cross-section, seeing the
position of the neutral line, compressed zone, fracture zone, deformations and stresses in concrete
fibers and reinforcement inclusions.

Here you can also model cross-section strengthening elements made of different materials,
such as steel, concrete, fiberglass, etc.

There is the tool for checking cross-sections of standard shapes with provided reinforcement,
which allows to obtain the values of the safety factors for strength and crack resistance.

To further evolution of this features in "LIRA-SAPR" some new tools are developed for
building codes checking of multi-material cross-sections of arbitrary shape and reinforcement
configuration. These experimental applications are extensions of the program based on the open
API. They allow you to perform multifunctional cross-sectional analysis using NDM according to
the strict requirements of building codes.

1. Zalesov A. S Raschet zhelezobetonnyh konstrukcij po prochnosti i deformacijam [Strength and deformation
calculation of reinforced concrete structures] / A.S. Zalesov, E.N. Kodysh, L.L.Lemysh, I. K. Nikitin. —
M.: Stroyizdat, 1988. — 320 p.

2. Gorodetskiy A. S. Komp'yuternyye modeli konstruktsiy [Computer models of structures] / A. S. Gorodetskiy,
I. D. Yevzerov. — [2-nd edition.] — K.: FAKT, 2007. — 394 p.
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Oco01uBOCTI AiF0401 HOPMATHBHOI METOJUKH PO3PAXYHKY TPIlIMHOCTIHKOCTI HOPMAJIbHHUX
nepepisiB 3a/1i300eTOHHUX KOHCTPYKIii

€e6zen /Imumpenko, Kano. mexu. HaAyK, cmapuiull 6uK1aoay Kageopu 6yoisHuymea

Tosapucmao 3 oomedncenoro sionogioanvuicmio «JIIPA CAIIP» (m. Kuig)
Hayionanvnuii ynisepcumem oiopecypcis i npupoooxopucmysanns Yxpainu (m. Kuis)

[Ipu po3paxyHKy HOpMaJIbHUX IEpepi3iB 3a11300€TOHHUX KOHCTPYKIM 3a APYyroro rpyrnoro
TPaHUYHUX CTaHiB BigmoBimHO M0 1. 7.3.3, [1] BuHHMKae HEOOXiAHICTH OOYHCIEHHS MOMEHTY
TPIILIMHOYTBOPEHHSA Mere, KM 103BOJISIE BU3HAYUTH YU YTBOPIOIOTHCS TPILIMHU y Tepepi3i Bij
3aJJaHOT0 HaBaHTAKEHHS.

BignosigHo 10 mirounx HOopM [1, 2] #oro Mo)kHa BU3HAYATH JBOMA METOAMKAMHU:

1) 3a 10OMOI00 CHPOIIEHOT METOAUKH SAPOBUX MOMEHTIB.

2) 3a OMOMOTO0 OLbIN 3arajibHOT METOAMKH - HeliHiiHOI nedopmaniiiHoi Moaem (TyT i
nani, HIAM), a came, OUIAXOM BHpIIIEHHS CHCTEMH HENIHIHHUX pIiBHAHb pPIBHOBAarM MIiX
BHYTPILIHIMU Ta 30BHIIIHIMHU 3yCHJIISIMU, 110 JII}OTh Ha Iepepis.

OpHak npu BUKOHaHHI PO3PAaXYHKIB 3a JIPYrOl0 METOJMKOI BUHUKAE JesKa HEBU3HAUCHICTD,
sKa HEIOCTaTHhO YM B3arajli HE OCBITJICHA Yy Cy4YaCHHX HOpPMAaTHBHUX JoKkymeHTax [1, 2] Ta
YHUCIeHHUX TMociOHMKkax a0 Hux [3]. BoHa BHHMKae y BUNAgKy pO3paxyHKy Iepepizy Ha
MO3AIEHTPOBUI CTUCK/pO3TAT. [IposBIsSETECA came y TOMy, IO 33Ja4dy pO3paxyHKy MOMEHTa
TPILIMHOYTBOPEHHS Mcrc MOXHA BUPIIIUTH, [IIOHAMMEHIIIE IBOMA CIIOCO0aMH, IpU BUOOPI IKUX Ma€e
OyTH BpaxoOBaHa ICTOpPisl HABAaHTAXXEHHsI €JIEMEHTa Ta 30KpeMa Iepepisy, a caMme Te, SIK 3MIHIOEThCS
fioro HIIC no yTBOpEHHS TPillIKH.

[epmuii criocid nomsirae y Tomy, mo6 npuitHatd N takum, 1mo aopiBHIOE Ned, 1 miadupatu
IPAaHUYHUI MOMEHT Mere, TIPU SIKOMY JOCSTA€ThCS KPUTEPiM TPILIMHOYTBOPEHHS &ctu. [Ipu Takomy
crioco0i po3paxyHky N mependadaeTbest 3a CTaTHUHE.

Le#t BUMaAOK MKMPOKO MPOLTIOCTPOBAHUHN y MOCIOHMKAX A0 BITUYM3HSHHUX, a TAKOXK JESIKUX
3apyOikHUX HOpM [4]. AJjie BiH HalJIeHWH Ha UTIOCTPAIiI0 MEpIIOoi, CHPOIIEHOI METOJUKU
pO3paxyHKy Mcrc Bpy4Hy, fIKa He mependaudae BUpIMIEHHS CUCTeM piBHAHb piBHOBaru HJIM i
BpaxyBaHHS OJHOYACHOT i1 1BOX cuioBux ¢axTopiB N, M.

Hpyruii cnioci® mossArae y ToMmy, mo0 TPUAHATH €KCIEHTPUCUTET Jii 30BHINIHIX 3YCHIIb €0
MOCTIAHUM 1 TIOUPATH TPaHUYHI 3yCHIUIA TPIIIMHOYTBOPEHHS Nere, Merc.

VY 1poMy BUMNAJIKy EKCLHEHTPUCHUTET €0 INependayaeTbCs 3a CTATMYHHMM, Takui, IO He
3MiHIO€ThCS. [Ipu 1IbOMY BpPaxOBYETHCSI OJJHOYACHICTD 30UTbIIEHHS BHYTPIMIHIX 3ycrinb Ned, Med 10
JOCSATHEHHS KPUTEPIO TPILIUHOYTBOPEHHS Ectu.

Tomy, BpaxoByI04H BUIIE3a3HAYEHE MTPOTIOHYETHCSI:

1. V 3aranpHOMY BHITQJIKy TpH BU3HAYCHHI 3yCHiIb TpimuHOYTBOpPeHHS Nere, Mcrc 32 HIAM
3TiIHO BITYM3HSAHUX HOPM PO3paxyHKYy [, 2] BBaKa€eThcs 3a NOUUIbHE MPUIIMATH 32 MOCTIHHE caMe
eKCLIEHTPUCUTET [Ii1 30BHILIHIX 3yCHUJIb €0, @ HE 3HAYCHHS M103/10B)KHBOT CHIIH Ned.

2. Jlis mepeBipKU 3ampolOHOBAHUX TOJOXKEHh HEOOXITHO MPOBECTH IMOPIBHSUIBHUN aHAI3
JIBOX CIIOCOOIB PO3PaxyHKY 13 JJOJYYEHHSM Pe3yJIbTaTiB €KCIIEPUMEHTAIbHUX JOCIHIKEHb.

1. IBH B.2.6-98:2009. beronHi Ta 3ani300eToHHI KOHCTpYKMii. OcHOBHI monokeHHs. [Ywmanuit 3 2011.07.01]. K.:
MinrepionOya Ykpainu, JlepxkaBre mianpueMcTBo « YKpapxOyaiapopm». 2011. 71 c.

2. ACTY Bb.B.2.6-156:2010. BeronHi Ta 3a1i300€TOHHI KOHCTPYKIii 3 Baxkkoro OeTtoHy. IIpaBmma mpoekTyBaHHS.
[Ymaamii 3 2011.06.01]. K.: Minrepion0yn Ykpaiam, 2011. 118 c.

3. bambypa A.M., IlaBmikoB A.M., Komuymor B.I. Tta in. [lpakTruHmii TOCIOHHMK 13 pO3paxyHKY
31I300€TOHHUX KOHCTPYKIIK 3a mitounmu HopMmamu Ykpaimm ([BH B.2.6-98:2009) Ta HOBHMHM MOAEISIMHU
nedhopMyBaHHS, 110 po3po0iieHi Ha ixHIo 3aminy. K.: Tomoka, 2017. 627 c.

4. CII 63.13330.2012. beroHHbIe 1 Kele300eTOHHbIE KOHCTPYKUUK. AKTyann3upoBanHas peaakiws CHull 52-01-
2003. [Heiicteyet ¢ 2013.01.01]. M.: Munctpoit Poccun. 2015. 168 c.
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Features of the current normative method of calculation of crack resistance of normal
sections of reinforced concrete structures

Y. Dmitrenko, PhD (Tech.), senior lecturer of the department of construction, researcher

Limited Liability Company "LIRA CAD" (Kyiv)
National University of Life and Environmental Sciences of Ukraine

When calculating the normal cross-sections of reinforced concrete structures for the second
group of limit states in accordance with paragraph 7.3.3, [1] there is a need to calculate the crack
formation moment Mecrc, which allows to determine whether cracks in cross section appear from a
given load.

In accordance with current building codes [1, 2] it can be determined by two methods:

1) using a simplified method of nucleus moments.

2) using a more general method - a Nonlinear Deformation Model (hereinafter, NDM),
namely, by solving a system of nonlinear equations of equilibrium between internal and external
forces acting on the section.

However, when performing calculations according to the second method, there is some
uncertainty, which is insufficiently or not covered at all in modern building codes [1, 2] and
numerous manuals to them [3]. It occurs in the case of cross section’s calculation for eccentric
compression/tension. The essence of it is in that the problem of calculating the moment of crack
formation Mcrc can be solved in at least two ways, the choice of which should take into account the
load history of the element and in particular the cross section, namely how its stress-strain state
changes before cracking.

The first method is to take N equal to Ned and search the crack appearing moment Mcrc at
which the criteria of crack formation ecw is reached. With this method of calculation, N is assumed
to be static.

This case is widely illustrated in numerous manuals to national and some foreign building
codes [4]. But it aims to illustrate the first, simplified method of calculating Mcrc, which does not
involve solving systems of equilibrium equations of NDM and taking into account the simultaneous
action of two force factors N, M.

The second method is to take the eccentricity of the external forces eo constant and select the
limiting forces of crack formation Ncrc, Mere.

In this case, the eccentricity eo is assumed to be static, such that it does not change. This
takes into account the simultaneous increasing of the internal forces Ned, Med to achieve the criteria
of crack formation &ctu.

Therefore, given the above, it is proposed:

1. In the general case, when determining the crack formation forces Ncrc, Mcrc by the
nonlinear deformation model according to national building codes [1, 2] is considered as
appropriate to fix, to take as a constant the eccentricity of external forces eo, not the value of the
longitudinal force Ned.

2. To verify the proposed suggestions, it is necessary to conduct a comparative analysis of
the two methods of calculation with the inclusion of the results of experimental studies.

1. DBN V.2.6-98:2009. Betonni ta zalizobetonny konstrukciyi. Osnovni polozhennya. [Chynni 2011.07.01]. K.:
Minregionbud Ukrainy, Derjavne pidpriemstvo «Ukrarhbudinform». 2011. 71 c.

2. DSTU B.V.2.6-156:2010. Betonni ta zalizobetonny konstrukciyi z vajkogo betonu. Pravila proektuvanya.
[Chynni 2011.06.01]. K.: Minregionbud Ukrainy, 2011. 118 s.

3. Bambura A.M., Pavlikov A.M., Kolchunov V.I. ta in. Praktichniy posibnyk iz rozrahunku
zalizobetonnih konstrukciy za diyuchimi normami Ukrainy (DBN V.2.6-98:2009) ta novimy modelyami
deformuvannya, shio rozrobleni na yihnyu zaminu. K.: Toloka, 2017. 627 s.

4. SP 63.13330.2012. Betonnie s jelezobetonnie konstrukciyi. Aktualizirovannya redakciya SNiP 52-01-2003.
[Deystvuet s 2013.01.01]. M.: Minstroy Rossiyi. 2015. 168 s.
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®opMyBaHHSA KpeceHb 32113006 TOHHNX KOHCTPYKTUBHHX ejieMeHTiB B CAII®IP-3BK

Ceéimnana FOcunenko, indicenep,
TOB JIIPA - CAIIP, YVkpaina

CAII®IP (cuctema apXiTEKTypHOTO MPOEKTYBaHHS, (POPMOYTBOPEHHS i pO3paxyHKiB) — L€
Oararo(yHKIIIOHaJIbHA TpPOrpaMa, OJHUM 3 HaIpPSMKIB SIKOT € KOMIT IOTEpHE MOICITIOBAHHS
OyzaiBenb Ta cropyn; cTBopeHHA po3paxyHkoBux cxem s IIK JIIPA-CAIIP; neranbHe
KOHCTPYIOBAHHS 3aJ1300€TOHHMX €JIEMEHTIB 3a pe3yJibTaTaMH pPO3PaxyHKy 1 OQOpMIIEHHS
pe3yJIbTaTiB y BUIJISA KPECIIEHb.

Cucrema koHctpyroBaHHss CAII®IP-3BK posrnsigae Taki KOHCTPYKTHBHI €JIEMEHTH, SK
IUTaCKl IUIMTH TEPEKPUTTIB JOBUIBHOI KOH(Irypauii B IUIaHi, (yHAAMEHTHI IUIMTH, KOJOHH Ta
Oasky CyIUIbHUX Mepepi3iB, AlapparMu Ta CTIHHU 3 JOBUILHUM PO3MILIEHHSIM OTBOPIB.

3a  pomomororo CAII®IP-3BK  MoxHa BHKOHAaTH yHiQiKamiro 1 KOHCTPYIOBAaHHS
3a11300€TOHHUX €JIEMEHTIB 0araTormoBEpXOBUX OY/IBEJIb 3 MOHOJIITHOTO 3aJli300€TOHY Ha OCHOBI
PO3paxyHKOBHX ILJIOL] apMaTypH, OTPUMAHKUX B pe3yJibTaTi po3paxyHKy cxemu Oyaisii B IIK JIIPA-
CAIIP 3a oOpanMMH HOpPMAaTUBHHMH JOKymeHTamu, 3okpema JIbH B.2.6-98:2009, Eurocode 2
TOLLLO.

Cucrema CAII®IP-3BK Hajmae MOXIMBICTH CTBOPIOBATH apMaTypHO-ONATyOHI KpecleHHS
OKpEMHX €JIEMEHTIB, a Ha OCHOBI IJIaHIB IMOBEPXiB — ONAaTyOHI KPECIEHHs IJIUT Ta BEPTHKAIbHUX
HECHHUX eJeMeHTIB. KpecieHHs CynpoBOKYIOTbCS MOTPIOHMMH crienu@iKalisiMi, B1IOMOCTIMU
BUTpAT MaTepialliB Ta BIJOMOCTSIMH JICTAJICH.

CTBOpEHHIO KpeclieHb TIepeye CTBOPEHHS MOJIEe apMyBaHHS Ui MapOK KOHCTPYKTUBHHUX
€JIEMEHTIB 3 MOHOJIITHOTO 3aj1i300eToHy. Po3TamryBaHHs apMaTypHMX JeTajledl y aBTOMaTHYHUI
CTOCI0 MOETHYETHCS 3 MOKIIMBOCTSIMH PYYHOT'O KOPEryBaHHS Ta KOHCTPYKTUBHUMH JIOTIOBHEHHSIMU
Oe3mocepelHbO  KOPUCTYBAUEeM-IIPOCKTYBAJIbHUKOM. ['Hydka cuUcTeMa aHallizy pe3ysbTaTiB
po3paxyHky B CAII®IP-3BK no3Bonsie 3a paxyHOK yHigikailii 3MEHIIUTH KUJIBKICTh Mapok, IO
OTPalbOBYIOTHCS, Ta THM CAMHUM 3MEHIIUTH 00CIT HEOOXIAHUX KPECIIEHb.

Jlist nonaTkoBoro oOPMIICHHSI CXeM apMyBaHHS Ta KpeclieHb rnepeadadcHuii Habip KOMaH/T;
HaHECEHHS po3MipiB, IO3HAYEHb Ta HAIUCIB; 10/IaBaHHs IITPUXOBOK; TEKCTIB IPUMITOK TOLIO.
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Puc.1 ®parMeHT KpecieHHsl KOJIOHU

1. Bapabam M.C., Boiiuenko B.B., ITamienko O.I. Indopmarriiitai TexHOMOri iHTErpamii Ha OCHOBI MPOrPaMHOIO
komiuiekcy CATI®IP (BIM) — K. : Cranb, 2012. — 485 c. — ISBN 978-617-676-007-8
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Formation of drawings of reinforced concrete structural elements in SAPFIR-ZBK
S. Yusypenko., engineer,
LIRA SAPR company, Ukraine

SAPFIR (system of architectural design, shaping and calculations) is a multifunctional
program, one of the areas of which is computer modeling of buildings and structures; creation of
calculation schemes for PC LIRA-SAPR; detailed design of reinforced concrete elements based on
the results of calculation and obtaining results in the form of drawings.

The SAPFIR-ZBK design system considers such constructive elements as flat floor slabs of
any configuration in the plan, base plates, columns and beams of continuous sections, diaphragms,
walls with arbitrary placement of openings.

With the help of SAPFIR-ZBK it is possible to perform unification and design of reinforced
concrete elements of multistorey buildings made of monolithic reinforced concrete on the basis of
calculated reinforcement areas obtained by calculating the scheme in PC LIRA-SAPR according to
selected regulations, including DBN B.2.6-98: 2009, Eurocode 2 etc.

The SAPFIR-ZBK system provides an opportunity to create reinforcing and formwork
drawings of separate elements, on the basis of floor plans - formwork drawings of plates and
vertical bearing elements. The drawings are accompanied by the required specifications, material
consumption data and part tables.

The creation of drawings is preceded by the creation of models of reinforcement for brands of
structural elements of monolithic reinforced concrete. The location of the reinforcement parts is
automatically combined with the possibility of manual adjustment and design additions directly by
the user. The flexible system of the analysis of results of calculation in SAPFIR-ZBK allows to
reduce at the expense of unification number of marks and by that to reduce volume of necessary
drawings.

For additional registration of schemes of reinforcement and drawings the set of commands is
provided: drawing of the sizes, designations, inscriptions; adding hatches; texts of notes, etc.

Fig.1 Fragment of the drawing of the column

1. Barabash M.S., Boychenko V.V., Paliyenko O.l. Information technologies of integration on the basis of software
complex SAPFIR (BIM) — Kyiv : Stal’, 2012. — 485 p. — ISBN 978-617-676-007-8
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MopaenoBaHHA 3213006 TOHHUX KOHCTPYKIii 3 BUKOPUCTAHHAM TexHoJiorii BIM.
®opMyBaHHS KpecJeHb 3/1i300eTOHHUX KOHCTPYKTUBHUX esieMeHTiB y CAII®IP-3BK.

Onexcandp Jlazapee, npogionutl indicenep mexHiunoi NiOMpumKu,
Onexcanopa Apmamonosa, indxicenep mexniyHoi niompumKu,

TOB «JIIPA CAIIP»

IIK JIIPA-CAIIP € HeBia'eMor JIaHKOK B JaHIIOKKY BIM, m03BOJsitouM Ha OCHOBI
apxitektypuoi (¢pizmunoi) mopmeni chopMyBaTH pPO3PaxXyHKOBY CXEMY, OINEPYIOUYH TiJIbKU
aHAJITUYHUMU TOHATTAMHU, BUKOHATU PO3PaXyHOK CXEMHM, a MOTIM BUKOHATH KOHCTPYIOBAHHS Ha
OCHOBI IIUX Pe3yJbTaTiB po3paxyHKy [1]. Texnomnoris inpopmamiitnoro moxentoBanns B [1IK JIIPA-
CAIIP nae moxiuBicTh €(EKTHBHO pearyBaTh Ha 3MiHY BHMMOI' JIO IPOEKTOBAHOTO O0'€KTY,
(opMyBaTH HOBI BapiaHTH MPOEKTHHUX PILLIEHb, YIOCKOHAIIOBATU MIPOEKTHI PIllIEHHs, HAMAralo4nuch
JOCATTH X MaKCUMaJIbHOI €()eKTUBHOCTI.

VsBiMo, y Hac € mozaenb Oyaisii B oanii 3 mporpam (Revit, Archicad, Tekla Structures,
Renga, Allplan). Mu moxxemo nepenatu nani B CAII®IP nekinbkoma ciocobamu:

1. BukopucroBytouu kinpka IFC daiiniB. ¥ TakoMy BUNAJKy MU MOXKEMO 30€perTd B KOXKEH
daiin cBiit po3ain npoekty. Hanpuknan, Hecydi konctpykuii B IFC ¢aiin "Koncrpyktus".
ADpXITEKTYpHY MOJENb 3 yCiMa BHYTPIIIHIMU IEpPEropojKaMi, 30BHIIIHIMH CTIHAMH 1
npoctopamu B IFC daitn "Apxitekrypa". Taki 00'€KTH MOXYTh BHUKOPUCTOBYBATUCS B
cucreMi CAII®DIP sk naBantaxkeHHs. Enementu OB 1 BK B IFC ¢aiin «Komynikamii». Ha
ocHOBI 1ux enemeHTiB y CAIIDIP moxHa CTBOPUTH OTBOPH 1 MEPEBIPUTH MOJIEIb Ha
KOJI3i1;

2. 30epertu Hecyuuil kapkac 3a gomnomoror HoBoro ¢opmaty SAF (Structural Analytical
Format). e Binkputuii ¢opmar, akuii Bxxe MIATPUMYE JOCUTh BEIHKY KUIBKICTh IIpOrpam,
Hanpukiag Archicad, SCIA a6o Allplan. C ponomororo Microsoft Excel moxna
HeperisiHyTH CTBOPEHUH (hailsl 1 MPOKOHTPOIIOBATH SIKI €JIEMEHTH 3 SIKUMHU KOOpAWHATAMU
1 xapakTepuctukamMu Oynu 30epexeni. ApxiTektypHi o0'ektu OB 1 BK sk 1 B nepmiomy
BUMAJKy MOXHa 3anucaru 3a gornomororo [FC daiinis.

Y CAII®IP noctynHuil mmpokuii Habip IHCTPYMEHTIB JUIsl IEPETBOPEHHS 00'€KTIB 3 OJHHUX
THUIIB B 1HIII, BUPIBHIOBAHHS IMIIOPTOBAaHOI MOJeni, 3icTaBieHHs: MatepianiB. Kpim Toro, CAIIDIP
BXKE JI03BOJIsIE CPOpMyBaATH MOBHHI HaOip AaHWUX IUISL po3paxyHKy. basyroumchk Ha pesyibprarax
po3paxyHky 3a gornomoror cuctemu CAIIDIP-3BK MoxxHa BukoHaTH yHidikamiro ocHOBHUX 3b
€JIEMEHTIB, I1X KOHCTPYIOBaHHS 1 OTpUMaTH poOOYl KpEcleHHs apMyBaHHS, creundikaio
apMaTypH, BIJIOMICTh BUTpAaT CTaji 1 BigoMicTh jaetaneil. OcHoBHMMHU 3b eneMeHTaMM € TUIUTH
MEePEeKpUTTS, JiadparMu KOPCTKOCTI, KOJIOHU, OaJIKH, cxou 1 naji. KoHCTpyroBaHHS 3/11HCHIOETHCS
B ABTOMaTH30BAHOMY PEXHMI Ha OCHOBI pe3yJIbTaTiB MiJI00py apMaTypH, IPEACTABICHUX Y BUIIISI
13omoJieit abo Mo3aik IOl apMaTypH.

CdopmoBaHi eeMeHTIB MOXKYTbh OyTH po3/pykoBaHi abo ekcrioproBani B DWG ¢dopmart. [pu
€KCIIOPTI KpEClieHb BPaXxOBYIOTbCSI BCl OCHOBHI HIOAHCH, SIKI 3yCTpIHarOThCS MpU poOOTI 3
IUIOCKUMH KPECIIEHHSIMHU B JaHOMY (opMari:

- BCl 00'€KTH, SIKI IPUCYTHI HA KPECJEHHI, PO3MIIIYIOThCS Ha BIAMNOBIIHUX Iapax MO TUITY

00'ekTa (CTiHM, IUTUTH, KOJIOHH 1 T.1.);

- Ta0nuill, po3MipH, BUHECEHHS, WITPUXYBAHHS 1 TUNM JIiHIA EKCIOPTYIOTbCS B HATHUBHI
o0'extu DWG ¢opmary;

- CTBOPIOIOTHCA CTWUJI JUIg OO'€KTIB TEKCT, JIiHISA, PO3MIp, MyJIbTUBMHOCKA, Tabmuus. [laxi
CTHJI1 I03BOJISIIOTH BiioOpa3uTH kpecieHHss DWG TakuM caMuM SIK KpECIIEHHsI, CTBOPEHE B
CAIIDIP.

BIM interpauis B JIIPA-CAIIP no3Boisie iH)XeHEpaM 3BECTH JIO MIHIMYMY KiJIbKICTb

MMOMHUJIOK 33 PaXyHOK IOBTOPHOTO BBEICHHS NTaHUX, MiABUIIUTH €hEKTHBHICTH CIUIBHOI POOOTH
MK CyMDKHUMH BiJUIIaMH, CKOOPIMHYBATH [Iii 3 IPOEKTYBaHHS 1 CKOPOTHTH YacOBi BTPATH.

1. Bapa6am M. C. IIporpamui komrmiekcu CATIDIP i JITIPA-CAIIP — ocHoBa BiTun3asanx BIM-texnosnoriid. M. C.
Bbapa6ai, O. I. ITanmienxko, /[. B. MeaBeneuko. — 2-¢ Bua. — M.: FOpaiit, 2013. — 366 c.
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BIM technology for simulation of RC structures.
Drawings of RC structural elements in SAPFIR-RC module

O. Lazariev, lead engineer in Technical Support Team,
O. Artamonova, engineer in Technical Support Team,

Lira SAPR

LIRA-SAPR program is an integral part within the BIM chain. In this program it is possible to
generate design model on the basis of an architectural (physical) model with the help of analytical
concepts [1]. Then the user could carry out analysis of the model and based on these analysis
results, carry out analysis of RC & steel structures. Building Information Modelling technology in
LIRA-SAPR program enables the user to effectively respond to changes in the requirements for a
designed object, generate new concepts for design solutions, enhance design solutions in order to
achieve their max efficiency.

Let’s suppose, we have a building model in any of the programs (Revit, ArchiCad, Tekla
Structures, Renga, Allplan). The data may be transferred to SAPFIR module in several ways:

1. to use several IFC files. In this case, certain project chapter may be saved to certain file.

For example, load-bearing structures - to the IFC file ‘Structural’. Architectural model with
all internal partitions, external walls and spaces - to the IFC file ‘Architecture’. Such
objects may be used in the SAPFIR module as a load. Elements of heating and ventilation -
to the IFC file ‘Engineering Networks’. For such elements in SAPFIR, you can create
openings and check the model for errors;

2. to save the load-bearing framework to the new SAF format (Structural Analytical Format).

It is an open format and is already supported by many programs, such as Archicad, SCIA
or Allplan. With MS Excel, the user could preview the generated file and check which
elements with which coordinates and parameters were saved. Architectural objects and
heating/ventilation, as in the first case, may be saved to the IFC files.

SAPFIR module provides a wide range of tools to convert objects from one type to another, to
align the imported model, to replace materials. Moreover, with SAPFIR tools now it is possible to
generate a complete set of data required for the analysis.

According to analysis results, in SAPFIR-RC module it is possible to unify the main RC
elements, design them and obtain working drawings of reinforcement, schedule of reinforcement,
list of steel consumption and a list of components.

Floor slabs, shear walls, columns, beams, stairs and piles are the main RC elements. RC
elements are designed automatically according to the results obtained in analysis of reinforcement;
these results are presented as contour plots or mosaic plots of the reinforcement area.

The generated drawings of RC elements may be printed or exported to DWG format. When
the drawings are exported, the program takes into account all main features of work with 2D
drawings in this format:

- all objects available on the drawing are placed at the appropriate layers by the type of
object (walls, slabs, columns, etc.);

- tables, dimensions, leaders, hatching and linetypes are exported to native DWG objects;
- styles are generated for the following objects: text, line, size, multileader, table. These
styles enable the user to display a DWG drawing exactly as the drawing generated in
SAPFIR module.

BIM options in LIRA-SAPR enable engineers to minimize errors because of re-entering the
data, have effective collaboration between related departments, coordinate design activities and
avoid the time loss.

1. Barabash M. S. Programni kompleksu SAPFIR i LIRA-SAPR — osnova vitchyznyanux BIM-tehnologii. M. S.
Barabash, O. I. Palienko, D. V. Medvedenko. — 2-nd ed. — M.: Yurait
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NI NNV (0] ol E:1: 0110 (S (635 ) N
Baoum Kyniuenko, Temana Bimoeseyvka, Onexcii Peea
JlocmikeHHsT TepMIYHOTO pO3KJIaay KapOOHATHOI IIMXTH Ta MpoleciB (GopMyBaHHA
KEPaAMIKH CHIEIIATBHOTO TIPHBHATCHHS . . ... vt eutenteeneenteneeneenteeneennenteeneeseaneeneennenns
Mapuna Kouesux, Anacmacia lllesuenko
OcoOnuBocTi  OTpUMaHHA OETOHIB MIABUINEHOI TPIIIMHOCTIMKOCTI JUISL JOPOXKHIX
CTPUMYBATBHUX KOHCTPYKITIH . . ..t ettt ettt entteente et eee et eteeanteeteeaneeenneenneennnns
Onexcandp Koncmanmunoecokuit, /lenic Tumincokuii
3axWCHI TOKPHUTTS Ha OCHOBI JY)KHOTO aTIOMOCHUJIIKATHOTO 3B’SA3yHOYOro SK 3aci0
3aro0IraHHs TPAHCTIOPTY CYJIBMAT-I0HIB B OCTOHI. ..o uveutentitetitiiiiititeneeieeeeienaenaas
Bnaoucnae Maszyp, Kamepuna Ilywrkapuvoea, Jlinia Kywneposa
OcobimBocTi  rigparamnii MiHepadiB TMOPTIAHALEMHTHOTO KIIHKEpY B MPUCYTHOCTI
KAPOOHATHUX JIOOABOK. ...t uvtutententtententeeneententeeneenaeane et e e et e et enteaneeneaneeneeness
Onexcanop I'enesepa, Cmanicnae Cxaparam
Posib KkaousiHITOBOI IIMHM B €BOJIOLIT CTPYKTYPH 1 BJIACTUBOCTEH HUIAKOIYXHHUX
10 G20 13 1 D
Onvea boiiko, Onexcanop Kosanvuyk
BriMB KOMIIOHEHTHOrO cKinady Ha TpaHcrnopT ioHiB ClI” ta SO4% B MIIAKONYXKHOMY
G 0] P
Bixmopia 3o03ynuneus, Onexcandp Kosanvuyx, /lap’s Pyoseii
Po3po0ka TeXHOIOTIYHUX METO/IIB 3aNI00IraHHs Ta MPUITUHEHHS JIy>)KHOT KOpOo3ii 6eToHy
NIPY BUKOPUCTAHHI PEAKLIHHO 3aTHUX 3ATIOBHIOBAUIB. . ... .vueetteneeneaneteneaneanennenenns
Oxcana beponuk, Anna Maiicmpenxo, Anopiit Conozyo
BrnuB kucioT Ta iX po3uuHiB Ha GOpMYyBaHHs CTPYKTYpH 0a3ajJbTOBOIO BOJIOKHA. . .........
Onecw Jlacmieka, Okcana beponuk, /lenuc Tomin
[Topomrkosi makodapOOBI MOKPUTTS AJIS 3aXKUCTY BiJl KOPO3ii METaIeBUX KOHCTPYKITIH. . ....
CEKUIA 3. «Komntomepne moodenrosanna KoHcmpyKkuiil
oyoiseny i cnopyo cneyiaibHo20 NPUHAYEHH )
Mapia bapabaw, Onekciu bawuncokuit
MogemioBannss  koHcTpyknii B IIK  JIIPA-CAIIP 3 ypaxyBaHHSM  HpOTHIIi
TIPOTPECYFOUOMY OOBATEHHEO . . .. v vt eetteenteeenee et eneeenteenaeeanaeeneeenneeenseenneeaneeannns
HOpiii I'enzepcokuii
Pospaxynok cranezanizoberonunx kKoHCTpyKiii B [TK JIIPA-CAIIP..................oooai.
Onvea bawuncoka
MeTtoau po3paxyHKy BOTHECTIMKOCTI 3ami300eToHHNX KOHCTpYyKIil B [TK «JIIPA-CAIIP»
Mapuna Pomawkina, Anopiu Tomawescvkuii
Crep>kHEBI aHAJIOTH ISl MOJICITIOBAHHS Oy TiBEIIBHUX KOHCTPYKIIIH. .. 'vvenvivienieniennnne,
Anamoninu Iikyno
ITepamiitai ckinuenni enemeHnTd B [TK "JIIPA-CATIP"........coiii e,
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Marepianu 11T HaykoBo- npakTHYHOI KOH(epeHuii
«byaiBJi creniajJbHOr0 NPU3HAYEHHS: MaTepPiad Ta KOHCTPYKIii»

22-23 kBiTHaA 2021 p.

Kuis

Komn’roTepHe BepcTaHHs: Bipa Komsixosa, Onbra bonnapenko
PenaryBanHs 1 KOpekTypa Bipa KonsixoBa, Onbra boumapenko
OOxnanuHKa: Jmutpo XKypaBcbkuit

BinnosinajbHicTh 32 3MicT Ta JOCTOBIPHICTH HABEEHUX JAHUX HECYTh ABTOPH
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