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TH)KEHEPHHUM CIIOCIB BUSHAYEHHSA ’)KOPCTKOCTI ITPA
KPYUYEHHI 3AJII3OBETOHHUX EJIEMEHTIB JIBOTABPOBOI'O
HEPEPI3Y 3 HOPMAJIbHUMHU TPILIMHAMMU

ENGINEERING METHOD FOR DETERMINATION OF STIFFNESS AT
TURNING OF REINFORCED CONCRETE I-BEAM ELEMENTS WITH
NORMAL CRACKS

AzizoB T.H., a.T.H., mpod., OpaoBa O.M. (YMmaHCbKHIl Jep:KaBHHUM
negaroriynmii ynisepcurer imeni IlaBaa TuunHu, M. YMaHb)

Azizov T.N. Doctor of Engineering, Professor, Orlova O.M. (Pavlo
Tychyna Uman State Pedagogical University, Uman)

Haseoeno  indicenepny MmemoOuxky 6USHAYEHHs JHCOPCMKOCMI NpU  KpYYeHHi
080MAaspoBUX 3aNi300eMOHHUX eNleMeHMi8 3 HOpMANbHUMU mpiyunamu. Memoouka
IpYHMyemvca Ha niooopi cepedHboi wcopcmkocmi nepepizy nOOiOHO momy fAK ye
3pobaeno y nopmax €KbB Ona eusnauenus 32UHANbHOI JHCOPCMKOCMI 3aNi300€MOHHUX
efleMeHmi6 3 mpiyuHamu.

It is known that the load redistribution in statically indeterminate systems depends
almost equally on the bending and torsional stiffness of individual elements. Despite this,
most calculations in the calculation of reinforced concrete rod systems, including known
powerful software packages, are made without taking into account changes in torsional
stiffness as a result of the formation of normal cracks. The change in torsional stiffness is
either ignored altogether or is taken into account only in the presence of spatial cracks.
Existing methods for determining the torsional stiffness relate mainly to reinforced
concrete I-beam elements with spiral cracks. This problem remains quite acute today.
And it is mainly due to the lack of reliable methods for determining the torsional stiffness
of reinforced concrete elements with normal cracks. The article proposes an engineering
method for determining the torsional stiffness of reinforced concrete elements of the I-
beam cross-section with normal cracks. The proposed engineering method allows solving
the problem of torsion of reinforced concrete elements by introducing the average
stiffness and its approximation by the coefficient of averaging stiffness. This approach is
similar to the approach adopted in European Norms to determine the average stiffness of
bending reinforced concrete I-beam elements with cracks. The averaging factor is
obtained by modeling many problems using proven software packages using three-
dimensional finite elements. The dependences of the ratio of crack height to full height
are used; the moment of inertia in the crack to the moment of inertia of the full section;
the ratio of the total height of the section to the distance between the cracks. Several
variants of approximation of the coefficient k have been proposed. the coefficient k is
used to determine the average cross section. This is an approximation in two, three and
four unknowns. The choice of the most advantageous type of approximation is the subject
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of further research. The proposed technique can significantly reduce the number of
numerical experiment problems using three-dimensional finite elements.

Kniouoei cnosa: swcopemricmos npu KpyueHHi, 080magposuli nepepis, HOpMAaibHa
MpiwuHa, ycepeoHeHa HcopcmKicms, anpoKCUMayis, CKiHueni elemMeHmu.

Keywords: torsional rigidity, I-beam element, a normal crack, average stiffness,
approximation, finite elements.

AHAaJIi3 JociaKeHb i mocTaHoBKa 3aaaui

BimoMo, 110 JKOPCTKOCTI 3ami300CTOHHHMX EJIEMEHTIB 3ajieXkKaTh BiJ
HasBHOCTI pi3HEX TpimmH [1, 11, 12]. ¥V poborax [3, 7, 8] moka3aHo, mI0
MIEPEPO3MOIUT JIOKAIFHOTO HABAaHTAXKEHHS B CTATHYHO HEBU3HAYCHUX CHCTEMAxX
3aJICKUTh TPAKTHYHO OJHAKOBHM YHHOM SK BiJl 3THHAJIBHOI, TaK 1 Bix
KPYTHIIBHIN JKOPCTKOCTEH OKpeMHuX elleMeHTiB. He3Bakaroun Ha 1e, OUTBIIICT
pPO3paxyHKiB TpH pPO3PaxyHKy 3ali300€TOHHHX CTPM)KHEBHX CHCTEM,
BKITFOYAOYH 1 BIIOMI TOTYXHI TPOTpamMHi KOMIUICKCH, IPOBOAUTHCS 0e€3
ypaxyBaHHS 3MIHM JKOPCTKOCTI TPH KpY4YEeHHI B pE3yJbTaTi YTBOPEHHs
HOPMaJBHUX TpPIIIMH. 3MiHa >XOPCTKOCTI NPH Kpy4eHHI abo IrHOPYEThCS
B3araji, ab0 BpPaxOBYETbCS TUIBKM IPH HAsSBHOCTI IPOCTOPOBUX TPILMH.
[cHyIOYI METOAMKN BU3HAYECHHS KOPCTKOCTI NPU KpydeHHi [4, 5] crocytoTbes B
OCHOBHOMY 3aJli300€TOHHUX €JEMEHTIB 3 IPOCTOPOBUMHU (CHipaJIbHUMH)
TpilllMHAMK TIpH Ail Kpy4eHHs, XO4a EKCIIEPUMEHTAIBHUMH JOCIHIIKSHHIMH
BCTAHOBJICHO ICTOTHHUII BIUIMB HOPMAJIbHHUX TPIIIMH Ha KPYTWIBHY KOPCTKICTh
3amizo0eToHHNX eneMeHTiB [7]. g mpoOiema i Ha CHOTONHI 3aJUINAETHCS
JOCHUTBH TOCTpOIO. | TMoB'A3aHa BOHA B OCHOBHOMY 3 BIJICYTHICTIO JIOCTOBIPHHX
METOJIB BH3HAYCHHS JKOPCTKOCTI IPH KPYUYCHHI 3ali300€TOHHUX CIEMEHTIB 3
HOPMaJIBHIMH TPillIMHAMH.

V¥ poborax [1, 7, 10] po3risHyTO JOCIIKEHHS XKOPCTKOCTI IPH KPYUYCHHI
3aJ11300€TOHHHX €JIEMEHTIB 3 HOPMaJIbHUMH TpilmHaMu. OJIHaK HE PO3TJISHYTI
METOIM PO3PAaxyHKY KpPYTHJIBHHX JKOPCTKOCTEH €JIEMEHTIB JBOTaBPOBOTO
nepepizy. KpiM Toro, aisi iH)XXEHEpHHX pPO3PaxyHKIB OakaHO MaTH IPOCTY
METOJHUKY, IO J03BOJISIE Ha eTarl BapiaHTHOTO NMPOEKTYBaHHsS MIBUAKO 1 0Oe3
3aCTOCYBAaHHS CKJIaJHHUX OOYHMCIIOBAJbHUX IPOLECIB BU3HAUYUTH KPYTHIIBHY
KOPCTKICTh 3aJ1i300€TOHHOTO €JIeMEeHTa 3 HOPMAJIbHIMH TPillJHHAMH.

VY 3B'A3Ky 3 BHIECKa3aHHM METOIO Ii€i CTATTi € po3poOKka iHKEHEPHOTO
METO/ly PO3paxyHKY >KOPCTKOCTI NpH KPY4YEHHI 3a1i300€TOHHHX JBOTABPOBHX
€JIEMEHTIB 3 HOPMAJIbHUMH TPillIHAMH.

Bukiag ocHOBHOro MaTepianxy

PosrasiHeMo  3a51i300€TOHHUM ~ €JIEMEHT JBOTaBPOBOTO MEPETHUHY 3
HOpMaJIbHUMH TpimuHaMu (puc. 1). 3MimieHHIo B TpimuHi 60Ky A BiTHOCHO
610Ky B mepemnrkomxaroTh HeBiJoOMa HarelbHA CHIIA B TTO370BXKHIA apMmartypi Ta
omip 4acTHHH OETOHHOTO Tepepidy Hax TpimuHO. HeBimoMy HarempHy CHITY
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srigHo [1, 11] HEBaXKO BHU3HAYUTH 3 YMOBH PIBHOCTI IMEpPEMIIIEHb B MICII
YMOBHOT'O PO3CIYEHHS MO30BXKHBOT apMaTypH.

Puc. 1. Cxema nepemienns 61oky A BigHocHO Oioky B i aii HarenbHOT
CHJIM B TIO3/IOBXKHII apMmartypi

[Ticnst po3THUHY TIO3/I0BXKHBOI apMarypd TOJIOBHOK 1 OJHIED 3
HAMCKJIAIHININX YacTWH 3aBJaHHS CTa€ BU3HAYCHHS B3a€MHOTO 3CYBY OeperiB
HOpManbHOI TpimuHA. CKIAmHICTh 3aBIAHHS IOJSATa€ B TOMY, IO 3MIiIICHHS
omHOro OJOKY BIJHOCHO IHIIOTO BiJOYBA€TBCS B PE3YNbTaTi MiCIEBUX
nedopmamiit Hax TpiluHAMHA. Y EOMY JIETKO HEPEKOHATHCS, 3MOICIIOBABIIN
CTPWKEHb 3 HOPMAJFHUM pO3pPi30M 32 JONOMOTOK O00'€MHHX CKIHYEHUX
enemenTiB (puc. 2). Ha pucyHky 2 [Uist CHOpPOIICHHS I[OKa3aHUil eJIeMEHT
MPSIMOKYTHOTO Tepepizy.

VY GinbimocTi BHMAAKIB 3MileHHS MK TodkamMu C i d Oyme Oinbiie
MepeMileHHsT TOYKH C BiJl KPYTiHHA CYyHUTbHOTO O50Ky moBxuHOMO . I umm
OiypIie BUCOTA TPINTUHY, TUM OLTBIIO0 OY/Ie IS PiI3HMIIA.

s oOcTaBMHA iCTOTHO YCKJIAIHIOE 3aBJaHHS. 3Ba)KalOUM Ha MAalicTh
JOBKMHU AUTTHKH C-0 Haj TPiluHOK (WIMPHUHHM PO3KPUTTS TPILMHH) crnpoda
po3paxyBaTH TEpEeMIllleHHs €JIeMEHTa SK CTPWXKHS 31 3MIHHUM IOTIEPCUYHUM
mepepi3oM He MPHU3BE/E 10 MPABWIBHUX PE3yiIbTAaTIB.
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\<
Puc. 2. Moperns eneMenTa 3 HOpMaJIbHUM PO3Pi3oM

Tak, HanmpuKIa[, SKIIO PO3MISIHYTH CTPIKEHB 13 CTYIIHYACTOK 3MIHOKO
nepepi3y, TO KyT MOBOPOTY HOrO TOPI, OO SKOTO NPHKJIAJCHUN KpPYTHHI
MOMEHT Mt, BU3HAUUTHCS 3a BiZIOMOIO (JOPMYIIOI0 ONOpY MaTepialib:

b Lo "

=M + + ,
=" 6y, 6l, G,

ne GJy, GJ;, GJ; — BIANOBITHO KPYTHJIBHI JKOPCTKOCTI mepii Apyroi i
TPETHOI IUIAHOK CTPHKHS; Iy, |, |3 — BiAMOBIIHO TOBKHHM TiISHOK.

Jlerko mepeBipuTH, IO SKIIO 3MOJEIIOBATH CTYMIHYACTY >KOPCTKICTBH
€JIEMEHTA 3 TPIMIMHO0, TO PO3PAaXYHOK 3a hopmymoro (1) macTb MizepHO MaIHid
MPUPICT TepeMilleHHsT (ITOBOPOTY) B MicCIi pi3KOi 3MIHHM Tepepizy eleMeHTa
3BaKAI0YH Ha HOTO BEJIbMH MaJIOi JTOBKHHU.

V po6ortax [2, 10] 6yno 3anporoHOBaHO BU3HAYATH B3AEMHE MEPEMIilLICHHS
OeperiB HOpMaJIbLHOI TPIIIMHM 32 JIOTIOMOTOI0 aPOKCUMAL] JAHUX YHCEIILHOTO
eKCIepuMeHTy. JImg mporo ciix cTBOpUTH 0a3y HaHWX (YHKIIA 3aJIeKHOCTI
MepeMilieHHs] B TPIIIMHI BiJl T€OMETPUYHUX IapaMeTpiB €JIeMEHTa, BHCOTH
TPIlMHM 1 BiAcTaHi MiX TpimuHamu. lle mocuTh HamIWHWK MiIXia, ogHAK, Ha
CHOTOJHINIHIH NeHp Taka 0a3a JaHUX HEe CTBOpPEHA dYepe3 MOTpedy MPOBEIACHHS
TUCSY OJIHOTHITHUX PO3PaxXyHKIB.

Ile 3aBmaHHS MOXKHA CHIPOCTHUTH 3a IOMNOMOTOI0 IH)KEHEPHHX METOJIiB
BU3HAYECHHS 3MilIeHHs B TpimuHi. OJUH 3 TaKUX CIIOCOOIB 3aIPONIOHOBAHUH B
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[1]. 3rimHO TBOTO MeETOMY 3 cepii po3paxyHKIB 3 BUKOPUCTAHHAM O00'€MHUX
CKIHUEHHX €JIEMEHTIB, B CTaHJApTHUX NPOTPAMHHUX KOMIUIEKCaxX, /sl OaJloK 3
PI3HMM CHIBBIJHOIIEHHSM BHCOTH CTHCHYTOi (BiJ BHI'MHY) 30HH, JOBXKHUHH
070Ky MIDK TpIllMHAMH, BUCOTH Iiepepizy OJIOKY OTPUMYIOTh 3aJIe)KHOCTI
nepeMinieHb (MOBOPOTIB) B PO3IJSIHYTHUX Osiokax. [loTiM, BHKOpHCTOBYIOUH
CXEMy CTepXKHsS 31 3MIHHOIO BHCOTOIO Iiepepidy (puc. 3), cuix mipiOparn
(GyHKIII0 3MiHM HOrO0 BHCOTH IO JOBXKHHI OJOKY Y3J0BX HO3ZOBXHBOI OCi
crpmkas Y. h,=f(y) Bix mo4yaTtkoBOi BUCOTH, IO NOPIBHIOE BHCOTi CTUCIIH (Bix
3rUHY) 30HH X, JI0 TIOBHOI BHCOTH h B KiHIIi 6JI0KY JOBXHHOTO |o.

M,

V4

Puc. 3. Cxema cTpmKHS 31 3MiHHOIO BHCOTOFO ITOTIEPEYHOTO TIepepizy

Jo miBOro KIiHIA TaKOTO CKBIBAJICHTHOTO CTPIDKHS MPHUKIANAETHCS
KpyTHHUIT MOMeHT M, IpaBwii KiHEIlb BBAXKAETHCS JKOPCTKO 3aTUCHEHUM. 3a/1a4a
BHPIIITYETHCS €IEMEHTAPHIMH METOAAMH OIOPY MaTepialiB I 3aKpy4eHOTrO
CTPIDKHA 31 3MIHHOIO BHCOTOIO mepepidy. @yHkuito 3miHu Bucotu h,=f(y)
(BipHiie, (QyHKIIIO 3MIHH JKOPCTKOCTI MPH KPY4YeHHI), CIiJ| Mi0UpaTH TaKuM
YUHOM, 11100 MOBOPOT JBOTO KIiHIS E€KBIBAJEHTHOTO CTpWXHS (puc. 3)
JIOPIBHIOBAB TIOBOPOTY BEPXHHOI YACTHHM O0O'€MHOTO OJOKY, 10 YacTHHH
MOTIEPEYHOr0 Tepepizy, SKOro MPUKIAJACHHH KPYTHHH MOMEHT. 3ajava Mae
OyTH po3paxoBaHa 3 BHKOPUCTAHHSIM OO'€MHHMX CKIHYCHHX CIIEMCHTIB B
CTaHJApTHOMY MIPOTPAMHOMY KOMIDIEKCI, B sikoMy pearnizoBarniit MCE.

3riHO HBOTO X METOJY CIIiJ] MOOYIyBaTH (Ha TPYHTI YUCETHHOTO
eKCIICPUMEHTY ) KPHUBY, BHIY:

Perc | Prot = 1E(‘Jcrc / Jtot) 2

YV Bupasi (2) npuiHATI HACTYITHI TO3HAYCHHS: Qgre, Prot - BIAIOBIIHO KYTH
MIOBOPOTY CTEPXKHSI BHUCOTOIO Iepepidy X (ToOTO BHcOTa mepepidy JOpiBHIOE
BHUCOTI CTHCHYTO{ BiJl BATHHY 30HH X) i CTPHIKHSI C IIOBHOIO BHCOTORO mepepiy h
(muB. puc. 3); Jere, Jior- BIAIOBITHO MOMEHTH iHEpIi Ha KPYYCHHS IUX JKE
CTpWKHIB. Brisia miei kpuBoi mokasanuii Ha puc. 4.



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

0 l —

Puc. 4. 3anexxHicTh BiJHOIEHHS KYTIiB 3aKPYYyBaHHS 1 BITHOLICHHS
MOMEHTIB 1HepLii P KpyueHHi

KpuBa Mae B IKOCTI aCHMIITOTH BEPTHKAIBbHY BiCh KOOPANHAT, a MPAaBOPYY
oOMekeHa KoopamHaTamu 1: 1, mo minkoM odeBugHo. [licas moOymoBH
3aJe)KHOCTI (2) Il MaHOi MOBKWHM (BipHIIIe, I TaHOTO BiITHOIICHHS BHCOTH
mepepizy A0 BiACTaHI MiX TpIIIUHAMHK) CHiI MiAiOpaTH TaKoX EMITipHIHY
3aJIe)KHICTh 3MIHM TaKol KPHBOT 31 3MiHOIO BIICTaH1 MiX TpIllIMHAMH.

Posrnsinemo Tenep cnoci0, 110 BMMarae MEHIIO KUIBKOCTI MONEpenHix
o0uncieHpb 3 00'eMHUMH CKIHUCHUMH €JIEMEHTaMH B TIOPIBHSHHI 31 criocobamu,
ommcanumu  Buie. Lleil cmocid TIpyHTyeTbcs Ha METOAI  yCepeAHEHHs
JKOPCTKOCTEH B repepisi, MoaiOHO 0 TOro, sSK Ii¢ 3pO0JICHO B €BPONMEHCHKUX
HOpPMax NpU BU3HAYEHHI MEPEMILeHb Bijl 3THHY 3a1i300€TOHHHUX EJIEMEHTIB i3
TpimuHamu [12].

Posrnstaemo moziOHO [9] eneMeHT 3 HOPMaTbHUMHU TPIIIHHAMHE, KOPCTKO
3aKpiIIEHUH OJHUM TOPIEM, N0 IHIIOTO TOPIS SIKOTO NPHKJIAJAEHUH KPYTHHH
MOMEHT M (puc. 5).

Mi

o
h[F[ X

d,

lere L

Puc. 5. Cxema 10 BU3HAUCHHSI CEPEIHBOT JKOPCTKOCTI

Jorpumyrounck moxiOHicTI0O MeTtommmi [9, 12] mnsg 3ruHy, B 3B'AI3KY 3
MAaJIOIO JIOBKWHOKO JTUISTHKY 3 Pi3KO 3MEHIICHOO JKOPCTKICTIO (IUISHKA B MEXKax
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HOPMAJBHOI TPIIIMHMN), PO3TIITHEMO IIJITHKY, IO BKJIIOYA€E OJHY TPINIUHY i HE
TPICHYTY 30HY, i BU3HaYMMO HepeMilieHHs Touku C,, BUXOASYM 3 CEPEAHBOI
xopcTkocTi. Toai kyt nmoBopoty B Touni C, BiiHOCHO To4YKkM C; BU3HAYUTHCS 3
(bopMynH oropy mMatepiais:

I\/ltlcrc
Pc2 = ©)
G-Jp,
ne G — ™onynp 3cyBy Matepiany Oanku; Jyp— cepeiHe 3HAYCHHS

JKOPCTKOCTI Ha AUISHIN 3 HOPMATBHOK TPIIIMHOKO, SIKE TAKOXK M0 aHAJOTii 3
[12] Bu3HAuUMTECSA 3 BUpa3y:

Im :‘]totk+‘]crc(1_k)’ 4)

e Jere, Jiot — BIAMOBIIHO MOMEHT iHepHii NMpH KpyYeHHI HEpeTHHY 3
BHCOTOI0, IO JOPIBHIOE BHCOTI X 30HH Oe3 TpimmH (OMB. pUC. 5) Hax
HOPMAJIbHOIO TPILI[MHOO, 1 MEPETHHY 3 MOBHOK BUCOTOIO h ememenTa; K —
emmipuunuii koedimient (K <1). 3HaueHHs BETMYUHHU Jy, JTEKHUTH MK Jere 1 Jiot-
B Bumanky aBoraBpoBoro mnepepizy Jee - 1€ MOMEHT iHepLil TaBpOBOTO
nepepizy BUCOTOIO X=X¢rc=h-Nrc; Jiot — MOMEHT iHEPIIiT IBOTABPOBOTO MEPEPI3y.

3ymuHuMocst okpemo Ha koedimienti K. IMoxi6ro [12], ne ckasaHo, 110
Oyab-sSKUN TIACHUN pe3yabTaT MOXKHA 3MOJICTIOBATH, MiAiOpaBIId KOSQIIlieHT
PO3MOJINY, BHXOASYM 3 EKCIEPUMEHTAIBbHUX JOCHIKEHb, MH MOXEMO
CTBEpIKYBATH, IO B HAIIOMY BUMAIKY Ied Koe(ilieHT MokKHa mimiOpatd 3
4YHuCeNbHUX eKcrepuMeHTiB. CyTh HOro BU3HAYEHHS MOJSIra€ B TOMY, IO,
Maroud YHCENIbHI 3HAYeHHS KYTIB 3aKpy4yBaHHsS, CIiJ 3a JOMOMOIOI0
anpokcuMariii miaibpatu Bupa3s i K, IpH SKOMY KYT @;, SKH BH3HAYAETHCS
3a BupazoMm (3) 3 ypaxyBaHHsM (4), Oyne JOpIBHIOBATH KyTy IOBOPOTY,
BU3HAYCHOMY 3 PO3pPaxyHKIiB 3 BAKOPUCTAHHSM 00'€MHHX CKIHYEHHX €JIEMEHTIB.
Emmipuunnii koedimient K 3mintoersest B8 Mexax Big 0 mo 1. Ilpu k=0 3riguo 3
dbopmysoro (4) cepenHs >KOPCTKICTh MaTUME JKOPCTKICTh, PIBHY JKOPCTKOCTI B
tpitmui. Ilpu k=1 cepenHe 3HaueHHs OyJe MaTH >KOPCTKICTH MOBHOTO
nepeTuHy (6e3 TpiliuH).

JJis BU3HAYCHHS HATeNIbHOI CHJIM B MO3I0BXKHIA apMaTypi HaM HEoOXiTHO
3HATH nepeMinieHHs Touku d; BigHocHo Touku C; (muB. puc. 5). st 1bOTo Bix
KyTa HOBOPOTY @2 CIIiJ{ BITHATH KYT IIOBOPOTY CYLIJIBHOTO OJIOKY MiX TOYKaMH
d; i C; (muB. puc. 5). IHmMMH cJIOBaMH Pi3HHI KYTiB HOBOPOTY AQ MiX
toukamu C; i d; BU3HAYUTHCS 32 BUPO3OM:

IVltlcrc . Mtlcrc
G'Jm G'\Jtot

AP =041 — P = P2 —Ped = (5)
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IE QPd1, Pc1, Pz — KYyTH TOBOPOTY BiAMOBIAHO B mepeTrHax di,Ci, Co @cq —
KyT MOBOPOTY MK MepeTHHAMH C; 1 d.

[TpaBOMIpHICTE  3aCTOCYBaHHS METOIMKH YCEPEAHEHOIro  Iepepisy
mokazana B [9] Ha mpukiami OaloKk MNPSIMOKYTHOTO Mepepi3y 3 pi3HOI0
LIIMPUHOI0, BUCOTOIO TMEpepi3y i BHCOTOK HOPMAaJbHOI TpimmHU. [Ipu mpomy
koediuieHT K B [9] OTpUMaHO ampOKCHUMAI€I 3 BapilOBaHHIM IIMPUHH 1
BucotH nepepizy b i h, Bucotu tpinunu he.. Orpumana B [9] anpokcumairiiina
(dbopmyna Mae BUTIISA:

k =0.062+0.047 E+ 0.776h_hh°fc_ 0.238-1nl " |_0.056 hgc ©)

crc

VY miit xxe poboti [9] mokazaHo rapHUi 30ir JaHWX 3a PO3PaXyYHKOM 3a
JIOIIOMOT'010 00’ €MHHX CKIHUEHHX €JIEMEHTIB.

3a awnanoriero MoXkHa OauyMTH, MO0 BennunHa K Oyae 3aiexatd Bin
JICKITBKOX BiJJHOCHHX MapameTpiB. ToOTO MOXHa 3ampoOIOHyBaTH BennuuHy K
BHU3HAYAaTH 3a JOMOMOTOI0 ampoKcHMAIll 5K (YHKI[IO ABOX, TPbOX abo
YOTHUPHOX 3MiHHKX. HibKue mpencraBieHi BapiaHTH anpokcumariii K:

k= f Jcrc;‘]zrc @)
Jiot Icrc

‘]CI’C . XCFC . h

k=f ;e (8)
JtOt h ICrC
k — f ‘]CFC ; erc ; h (9)
‘]'[Ot ICFC Icrc
k — f ‘]CFC . h . JCrC . XCrC (10)

1 1 4 1
JtOt Icrc Icrc h

Oyukii (7-10) 3anpomoHoBaHi HaMH Yepes3 Te, [0 B3aEMHE MePEeMileHHS
OeperiB TPIIIMHKA 3AJIEKATH 1 BiJl BUCOTH TPIlIMHKU Nepe, 1 BiJ HOBHOI BHCOTH
nepepisy h, i Bix Bigcrani Mix TpimuHamu lg.. Ajle B JBOTaBpOBHX €JI€MEHTAX
TIPH OJIHOMY 1 TOMY  3HaueHHi N CTiBBiIHOMIEHHS MOMEHTIB iHepitil Jer Ta
Jiot MOKE OyTH pi3HNM. Lle MOB’s13aHO 3 MOXKIIMBOIO PI3HHUIICIO TOBIIMH BEPXHBOT
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Ta HIDKHBOI TIOJIMIb IBOTaBPa, a TAKOXK PI3HMICIO MIMPHH OUX MOJINNb. Tomy B
(7-10) IpOTOHYETHCSI OKPIM BHCOTH TPIMIUHU Nere BpaxyBaTH Ie i 3a1eKHICTD
Jere Jiot, @ TAKOK 3AMEKHICTD Joro/1cre (TIpu 1IbOMY YETBEPTHH CTYIIHb HPUHHSTO
JUTS TOTO, MO0 BCi BETMYMHU Oy OE3pO3MIipHUMHU.

3anporonoBani  3anexxHocTi  (7-20) momiOHI 3 ampoKCHMAaliHHUM
migxonom, 3ampornoHoBaHuM B [10], ame maroTh cBoi mepeBaru. IlepeBaru
3anpornoHoBanoro y [10] meroni BU3HAUCHHS MKOPCTKOCTI MPH KPYYCHHI 32
JOIIOMOTOI0 CTBOPEHHA 0a3n anpoKCHMaliiHUX JaHUX MOJATAIOTh B TOMY, L0
CTBOpPEHHS O0i0JIOTEeKH ampoKCHUMAaNiiHNX (YHKIIH 103BONMIO O iCTOTHO
CIPOCTHTH BHUpIMIEHHS 0araThbOX 3aBJaHb BHU3HAYEHHS XapaKTEPHUCTHK
YKOPCTKOCTI ITapaMeTpiB 3a1i300€TOHHUX €JEMEHTIB 3 TPIIIMHAMH, SKi MOXYTb
YBIHTH K OKpeMUi OJIOK B iCHYI0Ui MporpamHi KomIuiekcu. OmHaK e MeTox
CKJIQJHO BTUTIOBAaTH B NMPAKTUKY, TOMY IO IS CKIAQAHUX MEPETHHIB KiTbKICTH
BapiioBaHMX MapameTpiB Oynxe BenuKolo. Tak, HampuKiIan, KONW BHCOTA
CTHCHYTOI 30HHM 3HAXOIUThCSI B Mekax pebpa 3a1i300€TOHHOTO CJIeMEHTa
JIBOTaBPOBOI'O TMepepidy, MNepeMilleHHs OeperiB TpiluHU (KyTa B3a€EMHOTO
MMOBOPOTY JBOX OJIOKIB, BIJOKPEMJICHHX HOPMAaJIbHOIO TPINIMHOI) Oymae
(GyHKII€I0 CeMU 3MIHHMX: IIUPUHM BEPXHBOI MOJHLI, 11 TOBIIMHM, LIUPHUHU
HIDKHBOT MOJMIL, ii TOBUIMHHW, TOBIUMHM peOpa, MOBHOI BUCOTH MEPETHHY 1
BHCOTH HOpMaJbHOI TpimuHu. Leit meTon, 3anpomoHoBanmii B podoTax [2, 10] 1
SKHH TPYHTY€TbCS Ha CTBOPEHHI 0a3W aHMWX YHCEIBHOTO EKCIIEPHMEHTY, €
IOCUTh epeKTHBHUM. HenomikoM € (akT myke BeTHKOi KUTBKOCTI pO3paxyHKiB
i3 3acTocyBaHHAM OO0'€MHHX CKIHYEHHX eIIeMeHTiB. Tak, SKImo s
JIBOTaBPOBOT'O €JIEMEHTA KpiM ONMCaHMX BHINE BapiioBaHMX (AaKTOPiB 10JaTH
1ie 1 BiZICTaHb MiX TpPILIMHAMM, TO TakUX (akTopiB Oyze BiciM. SIKIIO B3STH
xoda O Mo N'ATh BapiaHTIB PO3MIpIB KOKHOTO 3 BapiiloBaHMX MapameTpiB, TO
Buiine 32768 BapiaHTIB pO3PaXyHKY.

A mpomo3uilisi anpoKCHMAIlii BHUKOPUCTaHHS (OPMYJIH CEPEeIHBOrO
nepepizy 3 3acToCyBaHHsM anpokcumarii y Burisiai (7-10) mo3Bousie CyTTEBO
CKOPOTHTH MOTPiOHY  KINBKICTh YHCENbHUX po3paxyHKiB. Tak, s
BHUILE3TaaHOTO JBOTABPOBOTO IMepepidy MpH BapifoBaHHI KOXHOTO 3
mapaMeTpiB 1O II'STh pa3iB, 3aralbHa KUTBKICTH PO3pPaxyHKIB CKIAIE: UL
¢yHKIii 7BOX 3MiHHMX — 32; mis QyHKIIi TPpOX 3MIHHUX — 243, mnsa QyHKIii
qotuphox 3MiHHEX — 1024, mo BigmoBigHo B 1024, 135 Ta 32 pa3u meHmie
BHIIIE3TaIaHOTO MIAXOAY OO0 ampokcuMarlii. BuOip HaWOLIBII TPUHHATHOTO
BapiaHTy € NMPEIMETOM MOJAIBIINX JIOCIIPKEHb.

3HaloYM B3aEMHE IMEpeMilleHHS OeperiB HOPMaJbHOI TPIMMHU (SKe
BU3HAYAEThCS HABEACHHM BHIIE CIIOCOOOM) HEBAKKO BHU3HAYMTH B3aEMHE
MepeMiIIeHHs] TOYOK Y MICI[IX PO3THHY BCiX ITO3JOBXKHIX CTPIDKHIB apMaTypH 3
YMOBH TUIOCKOTO TIOBOPOTY MepeTwHy. Jlami CkiamaHHSIM YMOBH CIUJTBHOCTI
neopmariiii B MicISX pPO3THHY apMaTypHHX CTEP)KHIB HEBAaXXKO OTPHMATH
CHUCTEeMy PpIBHSHb Ui BH3HAUCHHS HAareJlbHUX CWI Yy BCIX CTPIIKHIX
MO3JI0BXKHBOI apMaTypu. Tak, SKII0O B TEpeTHHI € JBa CHMETPUYHO
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pO3TalIOBaHMX CTEPXKHI MO3J0BXHBOI apMaTypH, TO CHCTEMa pIBHAHb IS
BU3HAYCHHS CKJIa0BUX HareabHOI cui Q (Qy —B TOPU3OHTAIBHOMY HANPSIMKY;
Q —y BepTUKaJIbHOMY HANpPSIMKY) B IIUX CTPIOKHIX MAaTHMeE BUTIISIL:

Ah)ft _Qx5xx _Qzéxz - ZA)I(oc =0

Mt z (ll)
Az _Qx§zx _Qz§zz _ZAloc =0

VY cucremi (11) npuitHATI MO3HAUYEHHS: Oy — B3a€MHE 3MIMICHHS OeperiB
TPIlMHK B HANPAMKY il ey Qy Bix KpyTiHHA OAUHUYHUMU cuiaamu Q,=1; Jx,
— B3aeMHE 3MilleHHS OeperiB TPIWHN B HampsAMKy mii cmmm Qy Bix KpyTiHHS
oguHMYEUMU cuidamu Q,=1; J, — B3a€MHe 3MilleHHS OEperiB TPilMHU B
HanpsMKy il cund Q, BiJ KpyTiHHA oguHUYHUME cuiiamu Q,=1; d,x — B3aemHe
3MIIIEHHS OepeTiB TPINIMHA B HAPSAMKY il cimu Q, Bil KPYTIHHS OIWMHUYHUME
cumamu Q=1; AME, AME_ praemue 3milnenns Geperis TPIMMHE Bix KPyTiHHS

30BHIIIHIM MOMEHTOM M, B HamnpsAMKy il BiAmoBiaHo cuiu Qy i Q,; ﬂl.fﬂ o ﬂl.:zﬂ c
— TepeMilleHHs Bix MicleBoi aedopMariii B Micli po3TamIyBaHHS apMaTypH
BiAmoBigHO Bix cuit Qy 1 Q,.

Bemnmunny Ao Kpaliie BU3HAYATH 332 EMITIPUYHAMH JaHHUMH, HaBEJCHUMH B
HOPMAaTUBHUX TOKYMEHTaX, HallpUKiIaz 3a [6].

Benuuunu dyy, 0775 Ozx Oxzy ﬂl.j.';" £ ﬂl.f © BU3HAUAIOTBCS i3 33]1a4i B3A€MHOTO

3MillleHHs OeperiB TPIlIMHK 3 PO3CIUEHOI0 apMaTypolo, sIKa BUPILIYEThCS
CITI0COOOM, OTIMCAHUM BHIIIE.

[Ticnst BU3HAUEHHST HATEJILHUX CHJI KOPCTKICTh 3aJ1i300€TOHHOTO eJIeMEeHTa
3 HOPMAJBHOIO TPIIMHOK BU3HAYHUTHCS 3 BUPA3Yy:

Ap)
Byc= 2 B, (12)
ere Ab| +A
ne Ny — mepemimenHs rpani mioro (6e3 TpiuMH) GJIOKY CTPHXKHS,

BiJJOKpEMIICHOTO HOPMAIbHOI TPILIMHOIO BiJ KPYTiHHA. BOHO BHM3HAuYaeThCs 3a
BiloMMMH (QopMyJamMu omnopy MartepiaiiB; B; - KpyTwibHa JKOPCTKICTB
CYIUIBHOTO CTep)KHA Oe3 TpilmmH, A - TOBHE MEpEeMillleHHs B TPIllIWHI, SKE
JIOPIBHIOE:

A = 2.A|OC (13)

VYV dopmymi (13) BenmunHa Ajo. TOMHOXKEHA HA 2, TOMY IO TIEPEMIIIICHHS B
TPIMKHI CKJIAIAIOTHCS 3 TBOX CTOPIH HOPMAIBHOI TPIIIMHH.

BucHOBKM i mepcmeKTHMBM AOCTiIKeHb. 3ampoIOHOBaHAa IHXEHEPHA
METO/IMKa BU3HAYEHHS KPYTHIHLHUX >KOPCTKOCTEH 3alli300€TOHHUX EIEMEHTIB
JIBOTaBpPOBOTO TEpepisy 3 HOPMalbHUMH TpimuHamu. [IpomoHoBaHUi
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IHKEeHepHUH croci® 03BOJISIE BUPINTYBATH 3a7adi KPYYCHHS 3ai300€TOHHUX
€JIEMEHTIB IIIIXOM BBEAEHHS CepelHbOl JKOPCTKOCTI Ta ii ampoxcumamii 3a
JIOIIOMOT010 Koe(illieHTa, OTPUMAaHOT0 3 MOJICIIIOBAHHS JEsSKOI KUIBKOCTI 3a71a4
i3 3aCTOCYBaHHSIM anpoOOBaHUX INPOrPAMHHUX KOMILJIEKCIB 3 BHKOPHCTaHHSIM
00’€MHHX CKIHUEHHX €JIEMEHTIB. 3alpONOHOBaHa METOJMKA JIO3BOJISIE CYTTEBO
CKOPOTHTH KIJIBKICTh 3a7a4 YHCEJBHOTO EKCIIEPUMEHTY 3 BUKOPUCTaHHIM
00’€MHHX CKIHUCHHX €JIEMEHTIB.

VY mepcrmekTuBi mnependadaeThCs MONIMPEHHS CTBOPEHHS 0asW ITaHWX
YHUCENBHOTO EKCIEPUMEHTY ISl OTPHMAHHS AalpOKCHMAIIMHUX 3aleKHOCTEH
koeimienTa K, a TakoX MOMHUPEHHS 3aIIPOIIOHOBAHOTO MIXOLY Ha PO3PaxXyHOK
3 ypaxyBaHHAM HEJiHIHHUX BIIACTHBOCTEH 3aIi300€TOHY.
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BU3HAUEHHS HECYYOI 3IATHOCTI HOPMAJIbBHUX MEPEPI3IB
KOMBIHOBAHO-APMOBAHUX CTAJIE®IBPOBETOHHUX
3I'MHAJIBHUX EJIEMEHTIB

CALCULATION OF BEARING CAPACITY OF NORMAL CROSS-
SECTIONS OF COMBINED-REINFORCED SFRC BENDING
ELEMENTS

Anppiituyk O.B., k.1.H., jou., Kucmiok .51., k.1.H., nou., Hiniuyxk M.B.,
acmipanTt (JIyubKkuii HAiOHAILHAH TeXHiYHMI yHiBepcuTeT, M JIybK)

Andriichuk O.V., Ph.D. in Engineering, Associate Professor, Kysliuk
D.Y., Ph.D. in Engineering, Associate Professor, Ninichuk M.V,
postgraduate student, (Lutsk National Technical University, Lutsk)

Anomauia.  YOockoHaneHo  MemoOUKy — pO3PAXYHKY — Hecydoi  30amuocmi
KOMOIHO8AHO-APMOBAHUX CMANEPIOPOOEMOHHUX eleMeHMi8 3a OONOMO20I0 8PAXYE8AHHSA
cnpowerux oiazpam 0egopmysants cmane@iopobemony Ha CMUCK i Ha po3msae.

Summary. In recent years, the scope of application of reinforced concrete and
combined-reinforced structures in load-bearing structures is expanding. Studies by many
authors indicate the significant advantages of reinforced concrete and combined-
reinforced bending elements over the classic reinforced concrete. Current state
regulations do not take into account all the properties of reinforced concrete, and
therefore the load-bearing capacity of structures can in many cases be underestimated.
Therefore, it is advisable to take into account, when calculating, all the properties of this
material.

The current state standards for the calculation and design of reinforced concrete
structures are based on the fact that reinforced concrete is considered as one of the types
of disperse-reinforced material. However, with this approach, many factors are taken
into account, the value of which, in real conditions, can be in a wide range of values, so
they are taken into account with a margin.

The article proposes a simplified force method for calculating the bearing capacity
of combined-reinforced reinforced concrete bending elements. Simplified diagrams of
deformation of reinforced concrete under compression and tensile obtained on the basis
of experimental tests are taken into account. The tensile diagram is proposed to be three-
line. To evaluate the effectiveness of the method and study a number of other
characteristics, two series of experimental studies of inseparable combined — reinforced
concrete beams were performed. Research methods and the nature of the beams in the
test process, described in [8-10]. For comparison with the obtained experimental data,
the article presents the calculation of experimental beams, performed according to state
standards and a simplified force method.

The results show that when determining the load-bearing capacity of the section,
the results determined by a simplified force model show the best agreement with the
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experimental ones. It is obvious that taking into account the full operation of reinforced
concrete in compression and tension, increases the accuracy of the calculation. The
average erroris 3... 5%.

Knwuoei cnosa:. 6emon, cmanesa ¢iopa, COB, pospaxynok, degpopmayii, necyua
30ammicme.
Keywords: concrete, steel fiber, SFRC, calculation, strain, bearing capacity.

IMocranoBka mnpodsemu. OCTaHHIMH pPOKaMH pO3IIUPIOETHCS cdepa
3acTocyBaHHs cranediopoOeTOHHNX 1 KOMOIHOBaHO-apMOBaHUX KOHCTPYKLIH Y
LUBUILHOMY Ta NpOMHUCIOBOMY OyamiBHMITBI. Haluacrime cranediopoberon
BHUKOPUCTOBYIOTh Y KOHCTPYKI[SX MiJJIOT, TOPIT, €IEMEHTaX BOJOBIIBIIHUX
IHPKCHEPHUX MEpEX, a TaKoXK PO3IMIMPIOETHCS HOTO 3aCTOCYBAaHHS B HECYUYHX
eneMeHTax OyniBens i criopya. OQHaK, He3BaKarOUYM Ha HAKOIMWYCHUH 3HAYHUI
eKCIICPUMCHTANBHUI [TOCBIl 1 BENWKY KUIBKICTH MJOCIHIIKEHb CJIEMEHTIB i3
cranediopoOeToHy, MO PO3PaXyHKY TAKUX KOHCTPYKIH MiAXOIATH i3 AEIKO0
obepexnicTio. YUnHHI JAepkaBHI OymiBenbHI HOPMH HE BPaxOBYIOTh YCiX
BIacTUBOCTEH craneiOpoOeToHy, a TOMy Hecyda 3HAaTHICTh KOHCTPYKIIH Yy
0araTh0X BUMAIKaX MOXKE OyTH HEJOOIIHEHA.

AnHani3 BigoMux pociimkenb i my6uikamiii. J{ocmimpkeHHS poOOTH
cTaneiOpOOCTOHHUX  KOHCTPYKINM Ta OCOONMBOCTEH 1X  HANpyXeHO-
neOpPMOBAHOTO CTaHy MPOBOAWIKACH OaraTbMa BuYeHMMH. babuuem €.M. i3
Hpobunmunem C.5. Oyjo BCTaHOBIICHO HaIpyXeHO-Ie(OPMOBAHHUI CTaH
craneiOpoOeTOHHUX 1 KOMOIHOBAaHO-apMOBAaHUX OaJOK MPU OJHOPA30BHUX 1
MOBTOPHUX MAaJIOLMKIOBUX HaBaHTakeHHAX [1]. Humu nocmimxyBaBcs BIUTUB
BiJICOTKa apMyBaHHs cTayieBoro (idporo Ha xapakrepuctuku HIAC Oanoxk, Oyna
3aIporoHOBaHa AedopMalliifHa METOIMKa PO3PaXyHKY TaKOTO THILY €JIEMEHTIB.
Buennm binozipom B.B. [2] mocmimkyBamucs YTBOPSHHS Ta PO3KPUTTS
HOpMAllbHUX TPIMIMH S3THHATBHUX CcTanediOpoOETOHHUX 1 KOMOiIHOBaHO-
apMOBAaHMX  CIIEMCHTIB 13 apMyBaHHSAM (ibporo 3 mwmcra. JlocmimkeHHS
MitHocCTi, AedopmaTuBHOCTI Ta TpinfuHOCTiHKOCTI CDDB eneMeHTIB KijbLEeBOro
mepepizy MpU OJHOPA30BOMY Ta IIOBTOPHOMY HAaBaHTAKEHHI, a TaKOXK
HarnpyXeHo-eopMalliiH1K CTaH IUX eJIEMEHTIB MpeJCTaBieHo B podorti [3].
Ii gocmipKeHHs, a TaKOXK JOCIIKCHHS IHIINX aBTOPIB, BKa3yIOTh Ha CYTTEBI
mepeBarn  ctaneiOpoOCTOHHNX 1 KOMOIHOBaHO-apMOBAaHHX 3THHAIBHHUX
€JIEMEHTIB HaJ| KJIACHYHMMHU 3aji300eToHHMMH. ToMy mix yac po3paxyHKy
JOLIJILHAM € BpaxXyBaHHs BCiX BJIIACTUBOCTEH LIbOI'O MaTepiaiy.

Merta craTTi — BJOCKOHAJIMTH METOJIUKY pPO3PaxyHKY KOMOIHOBaHO-
apMOBaHMX cTayeiOpOOSTOHHMX B3THHANBHUX €JIEMEHTIB 13 BpaxyBaHHIM
MOBHOI po0oTH cTanehiOpoOdeTOHY Ha CTHUCK 1 HA PO3TSIT.

Yunni JieprKaBHi HOpMH PO3paxyHKy Ta MIPOEKTYBaHHS
cranediOpoOeTOHHNX  KOHCTpyKIid [4] 0a3yloThcsi HAa  TOMY, WIO
cranediopoOeTOH pO3rIATAETHCS, SIK OJWH 13 BUIIB JUCIEPCHO-ApPMOBAHOTO
marepiany. CraneBi ¢iOpu mpuBOAATHECS A0 MHUCIIEPCHOI apMaTypu i MIIHICTh
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Marepiary Ha po3TSAT BU3HAYAIOTh, K TOOYTOK MiltHOCTI GiOpH Ta KoedillieHTIB
34erieHHst hiopu 3 6eTOHOM, OpieHTalii, THITY 1 KUTbKOCTI (i0p, 1110 MonanaroTh
B po3paxyHKoBMH mnepepi3. OpHak, NIpH TakoMy IiIXOXi, B PO3PaXxyHKY
npuiiMaeTecsi OaraTo (akTopiB, BEIMYHMHA SKHX Yy PEAIBHHX YMOBaX MOXe
3HAXOJUTUCS B IIMPOKOMY Jiana3oHi 3HaueHb, TOMY BPaxOBYIOTHCS BOHH i3
3a1acoM.

Hecyuy 3aatHicTh hiOpoOESTOHHUX 1 KOMOIHOBaHO-apPMOBAHHX 3TMHAIBLHUX
eNIEMEeHTIB BU3HAYAIOTh, BUXOAYH 13 HACTYITHUX HEPEIYMOB:

— UIA Tepepi3iB BBaXKAETHCS CHPABENIUBOIO TillOTE3a NPO JTiHIHHUHA
po3moxin nedopmamiii o BUCOTI;

— Y CTHCHYTI 30HI 3B’S30K MDK HAIpyXEHHAMH Ta JeQopMarisMu
npuiiMaeThest y BUrsiai aiarpam i3 IBH B.2.6-98:2009 [5];

— Y pO3TATHYTOMY cTanediopoOeToHi 3B’S30K MK HANpyXCHHSAMH Ta
neopMaIliIMHU OITHCYETHCS iarpaMoro, 110 MPeICTaBlIcHa Ha puc. 1.

fcd

Softul Ectt3

Ecfs Ecfu3

fcftd

Puc. 1. [liarpama nedopmyBanHs cTanediOpoOeTOHY IPH PO3TATY,
1o npomnonyerscs JJCTY-H b B.2.6-218:2016

I'panmuni medopmarii cranediOpoOETOHY TpU PO3TATY HPOIOHYETHCS
NPUAMATH PIBHUMH:

Eeftu =?: (1.1)
c

Po3paxyHkoBuii omip cranediopobeToHy Ha cTUCK Ty mpuiiMaroTh TakuM,
[0 JOPIBHIOE PO3PaXyYHKOBOMY OMOPY IIEMEHTHO-TIMAHOI MaTpHili, Ha 0a3i
SIKOi BUTOTOBJISIETHCSI CTae(hiOpoOeTOH.

3HaueHHS TPAaHWYHOIO  3THHAIBHOTO  MOMEHTY Uil IiepepisiB
cTanediOpoOETOHHUX 3TUHANBHIX €JIEMEHTIB BU3HAYAIOTh PIIICHHSAM HACTYITHOT
CUCTEMH PiBHSHB!

5
Mog 3 B ket pr oo h—xl—xlfiCftd ~-N=0, (1.2)

N k:lk+1 2ECdng(1)

17



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

5 f3
bj%d Y A k2 lbfCftd (h—x P + lbxf #— M =0, (1.3)
N° k=rk+2 2 Ecact()

ne y=ég1)/ &t
X1 = é&g(1) /N — BHcoTa cTHCHYTOT 30HK;

N =N/ ¢ — BiTHOCHA KpHBHHA.

Po3B’s3yBaHHS 11i€1 CHCTEMHU HETIHIMHUX; PIBHAHD BUKOHYETHCS METOIIOM
migbopy 3a KpUTEpieM BHYEpPIAHHS Hecydol 34aTHOCTI, 3 KOHTPOJEM Ha
KOXKHOMY KPOIIi pO3paxyHKYy.

BmsnauenHs rpaHUYHUX nedopmariid cranediOpoOeToHy mpH po3TATY 3a
dopmyioro (1.1), Ipu MiACTAHOBIT EKCIIEPUMEHTAIBFHO OTPHMAHUX 3HAYEHD fofq
T1a Egy,, Mae pesympraT mpHOMM3HO pPIBHHMA, a TO W MCHIINHA, HIX CepemHs
rpaHW4Ha pPO3TAryBaHicTh OeToHy. OJHaK YHMCEJbHI JOCITIPKEHHS poOOTH
cTaneiOpOOCTOHHUX 3THHAIBHUX CJIEMCHTIB BKa3YIOTh Ha 3HAYHO OUIBIIMIA
niama3oH poboTu cranediOpoberoHy 3a po3rary mpu 3ruHi. Oco0nuBO Yy
KOMOIHOBaHO-apMOBaHHX CTale(piOpOOCTOHHUX EIIEMEHTaX, J¢ OCHOBHI
3YCHJIISL PO3TATY CIIpHMAae CTep)KHEBa apMarypa.

Hdus  eBpomeiickkux  HOpM, acomiamieto  RILEM  mpomonyeThes
imeani3oBaHy miarpaMmy IIpU pO3TATY NPUHHATH TpWiiHidHOIO [6]. Bucximna
BITKa Li€] AiarpaMu IPOAOBKYETHCSA TOPU3OHTAIBEHOIO MPSIMOIO 10 3HAYCHb, 110
piBHI &= 3,5-10‘5, a HHU3XiHA BITKa 3aKiHYYETbCA TPU IePOopMaIisx
ew=2510% (puc. 2). Tyr rpammuni gedopmarii cranediGpoGerony
BBQKAIOThCS PIBHUMH TPAaHHYHHM Je(opMallisiM CTepKHEBOI apMaTypu Ui
KOMOIHOBaHO apMOBaHHX CTane(hiOpOOESTOHHMX CICMEHTIB.

£q (%) 25 35 0.1

w

ctd.L1

\ Ko

Puc. 2. IneanizoBana niarpama neopMmyBaHHs cTanediOpoOeTOHy IpH pO3TATY,
110 MTPOTIOHYEThCA ISl €BpoIeiickknx HopM acouiauiero RILEM
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CyyacHa MeTOoaMKa PpPO3PaxXyHKYy 3aji300eTOHHMX KOHCTPYKIH, i3
ypaxyBaHHSM HeNiHIHHOTO JedopMyBaHHS MaTepialiB, y TOMY YHCII HpU
PO3TATY, TO3BOJISIE I0BOJII TOYHO ONMUCYBATH POOOTY 3rMHAJIBHUX €JIEMEHTIB Ha
BCiX eramax HaBaHTaXeHHs. OJHaK OCHOBHA CKJAIHICTh Y 3acCTOCYBaHHI
nedopmaniiinnx Monene 10 po3paxyHKy craynediOpoOEeTOHHHX KOHCTPYKILIN
nojsrae B ONKMCaHHI caMmux piarpam zaedopmyBanHs. [loBHe iX omnmcaHHs
BUMarae 3HAa4YHOI KUIbKOCTI OOYMCIeHb 1, $K TPaBHJIO, BHUKOPHCTaHHS
KOMII'FOTEepHOI TEeXHIKH. Y OLIBIIOCTI BHIAIKIB PO3PAaxyHOK MOTpedye JuIIe
BU3HAYCHHS HECY4Oi 3JaTHOCTI elleMeHTa, 0e3 HeoOXigHOCTI KOHTPOIIO
HaTpy>KeHO-1e()OPMOBAHOTO CTaHy Mepepily Ha BCIX eTamax HaBaHTa)KEHHS.
ToMy, AK MiITBEPIDKYIOTH IOCIIKEHHSA, Hiarpamy nedopMyBaHHS OeToHY
MOJKHA MIpUAMATH TPUIiHIHHOW. Takoxk, 0e3 cyTTeEBOi BTpAaTH y TOYHOCTI, TaKi
JiarpaMu MOXKHA TIPUIMATH TIPSIMOKYTHHMH 3 BIATIOBITHUMH KOe(iIlieHTaMH.

VY crarti NpONOHYEThCS CHJIOBAa METOAMKA PO3PaXxyHKy KOMOIHOBaHO-
apMOBaHUX  CTaneiOpOOCTOHHUX  EJIEMEHTIB 3a CHOPOIICHHX Jiarpam
nedopmyBaHHST CTUCHYTOI Ta po3TsarHyToi 30H (puc. 3). B nmaniii meromuui
NPOMOHYEThCS ~ MILHICTh HAa  CTHCK  NpUAMaTH  pIBHOIO  MII[HOCTI
cranediOpobeTony, a He wMarpuii. Takox BpaxoBYEThCS MOBHa poboTa
cTanediOpoOETOHY Ha PO3TAT, KA ONMUCYETHCS JiarpaMoro Ha puc. 4.

nff(
gfr:uj ffini
AL /r p
Mm(é* 4
”r [
85 =N fvdAs
nfkff(f

Puc. 3. Cxema 3ycuiib Ta €MIOPU HANPYKEHb Y HOPMAIBHOMY TIepepisi
KOMOIHOBaHO-apMOBaHOTO cTajediOpoOETOHHOTO eIeMeHTa
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O ‘

Kf —
kffct3_ |_ —_— — —I' ———————— =
|
|
e

—

€ fct3 gfct

€

fcto fct2

Puc. 4. Jliarpama nedopmyBanns COb npu po3rsry,
NPUIHATAa B METOIMII

3HaueHHs HECy4ol 3/aTHOCTI 3TMHAIBHUX (IOpOOSTOHHUX €JIEeMEHTIB
NPSAMOKYTHOTO TIEPEPi3y 3 MO3/I0BKHIM apMyBaHHaM npu & =x, /d <Z&g

BU3HAYA€THCA 3a BUPA3OM:

h—x
My =1ff bxp (d =05, )+ ntkfﬁ,tb(h—xp(z—a} fraAc(d-ag),  (14)

ne a=h-d, nns ppibHO3epHUCTOrO 6eToHy A = 0,7; X, — BUCOTA CTHCHYTOI 30HH
nepepizy 3a CHPOLICHOI MNPSIMOKYTHOI €MIOpH HANpYyXKeHb, sKa I
KOMOIHOBaHO-apMOBaHHX CJICMCHTIB BU3HAYAETHCS 32 (HOPMYIIOIO:

_ fyaAs — fya Asc +mekf icbh . (1.5)

P (17¢Kf reeh +7f ¢

k = 0,56 — xoedilieHT NpuUBEACHHS NPSIMOKYTHOI €MIOPH HANPYXKEHb Yy
PO3TSTHYTI# 30HI Iepepisy o OificHOT KpUBOMiHIIHOT; 7 =1 , IUIs Ki1aciB OETOHY
1o C60; 77y — KoedillieHT MOBHOTH €TIOPH HANPYKEHb Y PO3TATHYTIH 30Hi B

mepepisi  cTanediOpoOETOHHOTO  elIeMEHTa, MNPHAMAEThCS — 3AJICKHO  Bij
BiZIHOLIEHHS] onopy (iOpoOeToHy Ha pO3TSAr NPH 3THHI, O 3aJIUIIKOBOT
MirHocTi (i6poOeToHy Ha PO3TAr npH 3ruHi [7]:

f
075npu05< fctB/ <07;

fct
0,85 npu 07 < Ct% <09;
fct

fs

f
n=4095nmpu09< B <11 (1.6)

ffc

f fct

105 npu 11 < t% <13;
fct

f
15 npu13< 8L
fct
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dakTHYHa BICOTA CTUCHYTOI 30HH X, BU3HAYAETBCS IK X = Xy /4.

FpaHI/I‘IHe 3Ha4YCHHA BUCOTH CTI/ICHyTO.I. 30HH BU3HAYA€EMO 34 YMOBHU!

DEy 3
fo= 2 (L.7)
Etcus T €50
fyd .
Ie &g = £ PO3paxyHKOBE 3HAYCHHS TPaHUYHHUX BiJHOCHUX
s

nedopmaniil apMaTypu; & fo 3 — [PaHUYHI 3HaYeHHA AedopMaliil CTUCHYTOro

cranediOpoOeTOHy NpH BHKOPUCTaHHI CIIPOILNEHOI aiarpamMu nedopMyBaHHS
(puc. 3); @ — XapakTepUCTHKA CTUCHYTOI 30HH (DiOpOOETOHY, siKa NPUIMAaETHCS
1S IpibHO3epHUCTOr0 OeToHy piBHOO 0,7.

Jnst owiHkM e(eKTHBHOCTI METOJAMKH Ta JIOCHI/DKEHHS psay IHIINX
XapaKTePUCTHK, OYJI0 BHUKOHAHO MBI cepil CKCIEPUMEHTAIbHUX OCHIIKCHb
HEepO3pi3HUX KOMOIHOBaHO-apMOBaHUX cTanediOpodbeToHHNX Oanok. MeToanka
JOCII/DKSHHS Ta XapakTep poOOTH 0ajoK y mpolieci BHIIPOOyBaHb, ONMUCaHI B
pobotax [8-10]. JIns mOpiBHAHHSA BHKOHAEMO PO3PAaXYHKU 32 METOAUKOIO, IIO
naBegena B JICTY -H B B.2.6 - 218:2016 [4], Ta cOpolieHOI CHIOBOIO
METOIUKOIO.

Jast 3aCTOCYBaHHS HaBEJICHNX METOJIUK BHKOPHCTOBY€EMO
eKCIIEPUMEHTAJIbHO BCTAHOBJICHI MEXaHIUHI XapaKTepHCTHKM MaTepialiB Juis
Gamok apyroi cepii: minHicTh cranedibpoberony Ha crtuck fy = 24,5 Mlla;
MitHicTh Ha postar fy = 2,35 MIla; ¢.; = 180,6x107°. 3HaueHHSs a; BU3HAYAINCS
srigao metoxuku HIIBK 1 BigmoBigHo cknmamu: a; = 2,534; a, = - 2,226; a3 =
0,865; a, =-0,189; as = 0,016. Po3mipu niepepisy bxh = 10x16 cm.

ApmyBanHs ans OGamox  2b1-1,2  mpuitMaeMo 1BOMa  CTEPXKHIMHU
@10A500C, pgns  OGamok 2B1-3 — nBoMa  crepxkHsimu  D12A500C.
XapakTepucTuku apmarypu: Eg = 195000 Mla; o, = 508 Mlla; ey = 0,00314.

Bumesraganoro oco0nmBicTIO MeTOMUKH po3paxyHky COB ememenTiB
sritno 3 JACTY -HB B.2.6-218:2016 € Te, mo po3paxyHKOBHH OIIip
¢bibpoberony Ha crtHCK foq mpuilMaeThcs pPIBHHUM pPO3PaXyHKOBOMY OIOPY
0EeTOHY MaTpHIli, SKHA BHUKOPHUCTOBYEThCS JUII Horo oTpuManHA. Jlns
npiOHO3EepHHUCTOTO OETOHY MIIHICTh MATpPHUIl Ha CTHUCK 3a3BHYall 3HAYHO
MeHINa, HiX cTanediOpoOeToHy, M0 CYTTEBO BIUIMBAE HA HECYydy 3JaTHICTH
nepepizy. Y Hamomy BHIAJIKy MilHICTh Matpuii craHoBuna fy = 20,6 MIla.
PesynbTatn po3paxyHKy OalOK TpeCTaBICHO B Ta0mwmiIi 1.
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Tabmmms 1
[opiBHSHHS pe3yJbTATIB PO3paxyHKy HECY4ol 31aTHOCTI
Oasok npyroi cepii

MapKa A/Iuexp MuﬂCTy ’ cui. % JCTY exp Muwﬂ‘/
3paska | kH*M kH*M M™ xH M M My M
2b1-1 12,9 0,84 0,98
’ 1 12,64 . .
2b1-2 13,1 0.9 5 0,83 0,96
2b1-3 17,2 15,1 16,2 0,87 0,94
BucHoBkH

SIk BHOHO 3 TpPENCTaBICHUX pe3yJbTaTiB, NpPU BH3HAYECHHI HECy4ol
3MATHOCTI Mepepi3y, Ha KpaIly 301KHICTh i3 CKCIICPUMECHTAIBHUMHE TTOKA3yIOTh
pe3yNbTaTH, BU3HAYCHI 3a JOIIOMOTOI0 CIIPOILEHOT chiioBoi Mozeri. O4eBUuaHO,
110 BpaxyBaHHs IIOBHOT po00TH cTanediOpoOeTOHY Ha CTUCK 1 Ha PO3TAT CIpUsIE
30UTPIICHHI0O TOYHOCTI po3paxyHKy. CepemHs BelMYMHA TOXHOKH HE
nepesumye 3...5 %.
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MODELING OF MECHENICAL BEHAVIOR OF REINFORCED
CONCRETE BEAM REINFORCED BY THE SHAPE MEMORY ALLOY
INSERTION USING FINITE ELEMENTS METHOD

MOJEJIIOBAHHSI METOAOM CKIHYEHUX EJIEMEHTIB
MEXAHIYHOI TIOBEAIHKH 3AJII3BOBETOHHOI BAJIKH,
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buxis H.3., crynent, fcniii II.B., n.T7.H., npodecop, pexrop, ScHiii
B.II., a.¢., noueHt kadeapu OyaiBeqbHoi Mexaniku (TepHomiibcebkuii
HaliOHAJLHU TexHiuyHUil yHiBepcuTet iMeni IBana Iysros, TepHoniib)

One of the methods for improving the bearing capacity of the construction
structures and engineering constructions is the application of construction materials with
the improved strength and flexibility characteristics as well as the ability to disperse the
vibration energy. It is of particular importance for the construction structures being in
the seismic regions, which are under dynamic loading during their operation. The shape
Memory Alloys (SMA) are promising materials, which can recover their original shape
after uploading (the effect of superelasticity) or being under the temperature influence
(the effect of shape memory) during many cycles of loading — unloading.

The mechanical behavior of a reinforced concrete beam with classical
reinforcement and a reinforced concrete beam reinforced with inserts of superelastic
Nitinol (Ni-Ti) is simulated by the finite element method. Beam dimensions: h=140 mm;
b=80 mm; L=1200 mm. The beam is made of concrete of the C20/25 class, armature
A400C 2012mm L=1080 mm; mountings armature A240C 206mm L=1200 mm,
reinforcing insert Ni-7i 2012 mm L=120 mm. Behavior simulation took place in the
ANSYS Workbench 19 R2 PC environment. Reinforced concrete beam is divided into
finite elements. Size of the Solid 186 elements for the armature 12,5 mm, for the
mountings armature 40 mm. The size of the Solid 186 elements for the body of the beam
was automatically selected by the software — 200 mm. In total, the reinforced concrete
beam consisted of 22872 finite elements and 4730 nodes. Reinforced concrete beam with
armature A400C is subjected to evenly distributed load on the plane 120x80 mm
(P = 20MPa). It is revealed that the transition of the yield strength in the simulated beam
with armature A 400C occurs at a load of P = 9MPa. Therefore, the study of the
behavior of the reinforced concrete beam with classical reinforcement (armature A
400C) and the reinforced concrete beam reinforced with inserts of superelastic Nitinol
(Ni-Ti) occurred when loading beams to the value of P = 9MPa and their complete
unloading. The insert of nickel-titanium (Ni-Ti) alloy replaced the plastically deformed
section of the working reinforcement A400C, where the stresses exceeded the yield
strength (oo, = 365 MPa).
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The values of displacements, maximum stresses and residual stresses of the beams
by compared. It was concluded that the inserts made of superelastic Ni-Ti alloy 16,9
times reduced the &, Of the working reinforcement, increased the maximum
displacement of the beam by 9,7%, increased the enay by 47,8% compared to the working
reinforcement 4400C.

Memodom  cKiHueHux — eneMeHmié  3MOOEIbOBAHO  MEXAHIUHI  NO8eOdiHKU
3a1i300eMOHHOI  Oanku i3 KIACUYHUM APMYBAHHAM mMa 3ani3o0emonHoi 6anku,
niocunenoi  écmaexkamu i3 nikerb-mumanosozo cnaasy (Ni-Ti) 3 epexmom
naonpyscrnocmi. Posmipu 6anxu: h=140 mm; b=80 mm; L=1200 mm. Fanrxa éuxonana iz
oemony xnacy C20/25, apmamypu 2012 A400C L=1080 mm; monmadsicnoi apmamypu
206 A240C L=1200 mm, niocumoouoi ecmasku Ni-Ti 2012um L=120 mwm.
Moodemosannst nogedinku eidbysanocs y cepedosuwi ITK ANSYS Workbench 19 R2.
3anizobemonny b6anky po3zdiieno ma ckinuenni enemenmu. Posmip 3D enemenmis Solid
186 0ns pobouoi apmamypu pisni 12,5 mm, ons monmasicnoi apmamypu Solid 186 — 40
mm. Posmip enemenmis Solid 186 ona mina danku npospamue 3abe3neuenus nidiopaio
asmomamuuro — 200 mm. B 3aeanvnomy, sanizobemonna 6anka ckaadanacs iz 22872
CKiHueHHux enemenmie ma 4730 eyanie. 3aniz06emonny 64Ky iz pobouow apmamypoio
A400C niooano pisHomipHo po3noodilteHomy HasawmadicenHto naowuroro 120%80 mm
(P = 20MIla). Buseneno, wo nepexio medci mekyyocmi y 3MOO0enb06anii 6anyi i3
pobouoto apmamyporo A400C eiobysaemvca npu nasammasicenni P = 9MIla. Tomy
docniddcenHs noeedinku 3anizobemonnoi Oanku iz pobouoro apmamypor A400C ma
3a71i306emoHHOI banKku i3 écmaskamu i3 Hikenb-mumanogozo cnaasy (Ni-Ti) 3 echexmom
HaoONpyscHocmi 8i00ysanucs npu HaeanmagxgcenHi 6anok 00 sHauenns P = 9MIla ma
nosHomy ix poseanmaoicenti. Bcmasxoio i3 vikenv-mumanosoeco (Ni-Ti) cninagy 3amineHo
nracmuyno Oegopmosgany Oinauky pobouoi apmamypu A400C, Oe nanpysicenHs
nepeiwnu 3uauenns medxci mexywocmi (oy 0.2 = 365 Mlla). [opienano ompumani
MaKCUMANbHI MA 3ATUWKOS] HANPYICEHH Ma BIOHOCHI 8U006JCeH s DANOK. 3pobneno
BUCHOBOK, W0 ecmaeku i3 Haonpysxcrnoeo Ni-Ti cnaagy y 16,9 pazie 3MEHWUNU &g
poboyoi apmamypu, na 9,7% 36inewiunu maxcumanvhuii npoeun oanku, na 47,8%
30LIBUUTU Emay NOPIBHAHO 13 pobouoto apmamypoio A400C.

Kniouoei cnosa: cnaas nam’ami ghopmu, HAONPYscHicms, NIOCUNIEHHA KOHCIMPYKYT.
Keywords: shape memory alloy, superelastic, reinforcement of the structure.

Statement of the problem. One of the methods for improving the bearing
capacity of the construction structures and engineering constructions is the
application of construction materials with the improved strength and flexibility
characteristics as well as the ability to disperse the vibration energy. It is of
particular importance for the construction structures being in the seismic
regions, which are under dynamic loading during their operation. The shape
Memory Alloys (SMA) are promising materials, which can recover their
original shape after uploading (the effect of superelasticity) or being under the
temperature influence (the effect of shape memory) during many cycles of
loading — unloading.
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Analysis of the available results of investigation. The shape memory
alloys (SMA) were discovered in late 60-s of the last century. One-sided and
two-sided shape memory effects (SME), superelastic behavior (SE) were
investigated. Due to high damping properties SMA are used as the main
elements in the devices to decrease the dynamic loadings of the constructions
structures [1-5] and engineering constructions, bridges in particular [6,7].
Besides, in the construction SMA are considered to be the alternative
strengthening of the structures or their elements being in operation in the
seismic regions. Thanks to the SE these alloys can recover after sufficient
deformations (in some cases up to 10%) under unloading, which results in the
stable residual deformations during the steel alloying [8], [9-12].

Small reinforced concrete beams with the NiTi insertions were tested
under the monotonic loading by the three-point displacement before fracture
[13]. The behavior of conventional supporting reinforced beams with the hybrid
reinforcement (steel reinforcement with NiTi insertions) and the control beam
were tested experimentally. It was found, that the beam with SMA insertion
being combined with the high-strength steel demonstrates improved crack
recovery and deformation properties. That is why the application of the hybrid
NiTi with steel can sufficiently decrease the risk of fracture under earthquakes
as well as decrease the loses caused by it.

Taking into account sufficient material and labour expenditures to carry
out similar full-scale experiments in order to optimize the reinforced structures
the finite — elements method is worth being used for the modeling of the stress-
strain state [14].

Obijective of the work is to model and investigate the stress-strain state of
the reinforced beam with the nickel-titanium alloy insertion with the
superelasticity effect under monotonic loading and unloading from the loading
distributed on the square 120 x 80 mm using the finite elements method.

Statement of the task. The reinforced C25/30 concrete beam was chosen
for the investigation (Fig. 1). The characteristics of the structure are: reinforced
beam b = 80 mm, h = 140 mm, L = 1200 mm; reinforcement A400C 2(12 mm;
assembly reinforcement A240C 206 mm.

Basic characteristics of mechanical properties of beam elements used for
the modeling are presented on Table 1.

Elements Gt0.2, MPa Gt max, MPa E, GPa

A 400C 365 460 210
NiTi 450* 1200* 52,7*

Concrete

C20/25 B 2.2 23

*Characteristics of the nitinol mechanical properties were found under the

tensile strain at the temperature 18°C [15].
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Here 6,0, — is the material yield limit under tension (for the Ni-Ti; alloy —
starting stress value for the forward phase transformation) o; max — is the material
tension strength limit; E — is the material 1-st level modulus of elasticity (the
Young’s modulus), (for the Ni-Ti alloy —austenite elasticity modulus).

]

140mm t—~:

B
““ The Ni-Ti insertion

of 120 mm

b)
Figure 1. The spatial model of reinforced concrete beam: a) the main view;
b) the location of Ni-Ti insertion

It should be noted, that the values of the conditional yield limit and the
nitinol strength exceed sufficiently the corresponding characteristics of strength
of the steel reinforcement A400C (Table 1).

The concrete strength data and that of the reinforcement meet the standards
of JIBH B.2.6-98:2009 [16] and ICTVY b B.2.6-156:2010 [17].

All calculations of the free-support beam on two supports (Fig. 2,a) are
performed for the force P = 9 MPa being uniformly distributed in the area D of
the 120 x 80 mm. The values of the force are chosen in such a way, that the
stress on the operating reinforcement A 400C has exceeded the yield stress of
the operating reinforcement A400C (a¢ o, = 365 MPa). With this purpose the
reinforced beam with the operating reinforcement A400C is loaded gradually
up to the value P = 20 MPa (Fig.3). The force distributed in the area D is
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symmetric relatively the geometric center of the upper side and is directed to —
Y. Besides, the force of gravity acting on the beam and directed to -Y is taken
into account.

ANSYS

2019 R2

ACADEMIC

500.00 (mim)

125.00 375.00

» 0 O X Tabular Data == g
Steps | Time [s] FPrure[MPa]
0.

9.
0.

1 0.
1 1.
2 2

o wa | ra | —

b)

Figure 2. The design scheme of the beam: a) freely supported state, where A and
C are the locations of the beam support; B - application of gravity g = 9.8066
m/s” to the center of mass of the structure; D - the area of application of force P
= 9MPa; b) beam loading-unloading scheme

400
350
300
250
200
150
100
50
0

g, MPa

0 2 4 6 8 10 12 14 16 18 20
Load, MPa

Figure 3. Dependence of stresses in the armature A 400C on the applied
distributed loading
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The stress-strain state is modeled in the medium ANSYS 2019 R2. To
calculate it all bodies of the reinforced beam are divided into finite elements.
The size 3D of the Solid 186 elements for the operating reinforcement is equal
to 12,5 mm, for the mounting reinforcement Solid 186 — 40mm. The Solid 186
elements size for the beam body were selected automatically by the software
being of 200 mm. In general, the reinforced beam consisted of 22872 finite
elements and 4730 units.

Analysis of data. In Fig. 4 the distribution of displacement (bending)
fields in the beam with the operating reinforcement A400C (a) and with the
SMA insertion (b) under the maximum loading, taking into account the beam
weight, are presented.

-6.2457 Min

250,00 500.00 (mm)
o, —
375.00

5154
-2.2731
-3.0308
-3.7886
-4.5463
-5.304
-6.0617
-6.8194 Min

500.00 (mm)

b)
Figure 4. The maximum displacement of beam: a) — with operating
reinforcement bar A 400C; b) — with SMA insertion
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As it follows from the results analysis, the beam with the SMA insertion
has been displaced by 9,2% more than that with the operating reinforcement
400C. It is caused by the less value of the NiTi modulus of elasticity in the area
of deformation of austenite and in the area of austenite- martensite
transformation as compared with that of the steel reinforcement and the
superelastic behavior effect.

But after unloading the residual displacements of the beams with the
operating reinforcement 400C (a) and that with the SMA insertion (b) are, in
fact, the same.

ANSYS

2019 R2
ACADEMIC

0 Max
-0.016799
-0.033598
-0.050398
-0.067197

L1 -0.083006

| -0.1008
-0.11759
-0.13439
-0.15119 Min

500.00 {rmm)

125.00 375.00

a)

ANSYS

2019 R2
ACADEMIC

0 Max
-0.016723
-0.033447
-0.05017
-0.0668%3
-0.083617
-0.10034
-0.11706
-013379
-0.15051 Min

500,00 (mrm) z‘)\‘ X
125.00 375.00

Figure 5. Residual displacement of beam after unloading: a) — with the operating
armature bar A 400C; b) — with SMA insertion

The stresses and relative elongation along the axis of the operating
reinforcement are presented in Fig. 6 and 7 correspondingly. In Fig. 6 it is seen,
that the stress state in the SE insertion Ni-Ti alloy is sufficiently smaller (by
69,3%) than that of the reinforcement A 400C. It is caused by the fact, that the
reinforcement A 400C is of greater stiffness than that of the Ni-Ti alloy.
Besides, it is seen, that when SMA insertion is used, the residual stress in the
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operating reinforcement after unloading decreases in 12,5 times as compared
with that of the operating reinforcement A 400C.

It is seen in Fig. 7, that deformations in the operating reinforcement with
the SE Ni-Ti alloy insertions are greater by 18,2% than those in the
conventional operating reinforcement A 400C. This behavior is caused by the
fact, that the reinforcement A 400C is of greater stiffness than that of the Ni-Ti
alloy. The residual deformations in the operating reinforcement with the SE
insertions, in fact, are not available. Due to it the crack “treatment” in the
reinforced beam with the SE insertions takes place [13].

400
350 / N\
300
— A 400C:
o 250 Maximum
= 200 A 400C:
=) Permanent
150 13 Ni-Ti:
100 | Maximum
50 13 Ni-Ti:
: ? P t
0 ermanen
0 200 400 600 800 1000 1200
Lenght, mm
Figure 6. Stress distribution along reinforcement axis at P = 9 MPa
0.0025
0.002
— A A00C:
= Maximum
£ 00015 AT A 400C:
£ Permanent
£ o001 13 Ni-Ti:
Maximum
0.0005 | 13 Ni-Ti:
Permanent
0 o

0 200 400 600 800 1000 1200
Lenght, mm
Figure 7. Strain distribution along the reinforcement axis after unloading

The obtained results of the digital modeling of the stress-stain state are
presented on Table 2 and in Fig. 8.
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Table 2
The values of displacements, maximum stresses and residual stresses obtained
by FEM
The main Maximum . - .
H H maxy maxy ress
reinforcement | displacement, mm/mm MPa m/m Gress MPa
bars mm
A 400C 6,25 1,76e-3 370,25 3,66¢-4 76,80
The insertion
of SMA 6,82 2,61e-3 377,63 2,16e-5 3,64
350
300
§ 250
DE 1 A 400C
1o A 400C + NiTi
50
C.
0 0.001 0.002 0.003

Figure 8. Stress-strain response for reinforced reinforcement

Having analyzed the obtained data it can be concluded:

Displacement of the beam with the SMA insertion under the maximum
loading exceeds by 9,2% that with the operating reinforcement 400C. The
maximum relative elongation of the sample with the SMA insertion is by 47,8%
greater than that of the sample without insertion. It is caused by the smaller
SMA stiffhess as compared with that of the conventional reinforcement.

The value of the maximum similar stress in the beam with the SMA
insertion equals the stress in the beam without insertion. But the SMA insertion
in the reinforcement decreases the maximum residual stresses by 4,7% as
compared with those conventional ones.

Conclusions. The stress-strain stress of the conventional reinforced beam
and that on two supports with the SMA superelastic alloy bar insertions of 120
mm length and the displacement, the loading being uniformly distributed in the
central area, has been modeled using the finite-elements method and the
ANSYS complex. The efficiency of the method for the decrease of stresses in
the operating reinforcement and the replacement of the area, where the stresses
exceed the material yield limit on the SMA SE insertion, has been interpreted.
The SMA SE insertions of 12 mm diameter decrease in 16,9 times the
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maximum residual relative elongation of the operating reinforcement as
compared with that of the operating reinforcement 400C.

According to the results of the stress-strain state modeling the increase of
displacement by 9,2% of the beam with the SMA SE insertions was revealed as
compared with that of the operating reinforcement 400C, as well as the increase
by 47,8% of the maximum relative elongation of the SMA SE reinforcement
under the maximum loading.
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FLUENCE OF AGE FACTOR ON MAIN STRENGTH AND
DEFORMATIVE PROPERTIES OF TIMBER

BIIVIUB ®AKTOPA BIKY HA OCHOBHI MIITHICHI TA
JE®OPMIBHI BJJACTUBOCTI AEPEBUHU

Gomon S.S., Ph.D. in Engineering, Associate Professor, (National
University of Water and Environmental Engineering, Rivne)

I'omon C.C., k.T.H., goun. (HauionajibHuii yHiBepcHTET BOIHOIO
rocroIapcTBa Ta MPUPOIOKOPUCTYBaHHS, M. PiBHe)

The analysis of literature sources on this topic is carried out. It was found that the
influence of age on the main strength and deformation parameters has not been studied.
The method of experimental researches of coniferous and deciduous species of solid
wood of different age at one-time short-term loading along fibers is resulted. To solve the
problems, a series of samples of 1 sort of solid wood in the form of prisms with a cross
section of 30x30x120 mm were made. The following species of wood were tested:
coniferous species - larch, pine, spruce; deciduous - birch, alder, ash. The age of wood
was 20, 40, 60 years. At the time of testing, the moisture was 12%. The humidity of the
wood was controlled using a moisture meter MD-814. Experimental studies were
performed on a servo-hydraulic test machine STM-100 under a rigid load regime (by
increasing the displacements of the press plate of the test machine). Based on the
obtained results, complete diagrams of deformation of deciduous (birch, alder, ash) and
coniferous (larch, pine, spruce) species of solid wood at different ages (60, 40, 20 years)
were constructed. The number of twin samples that were tested was 126 pieces. The main
strength and deformation parameters were determined experimentally, in particular the
average critical deformations of all studied wood species and the corresponding average
maximum stresses. It is established that in the case of a rigid test regime, the deformation
diagram of solid wood necessarily has two branches - ascending and descending. That
is, the samples work in the so-called supercritical stage of work. It was found that the
age of wood directly affects the strength and deformability of solid wood. In particular,
with increasing age from 20 to 60 years, the strength and deformability of deciduous and
coniferous species of solid wood increases significantly. Based on the test results,
conclusions were drawn. Further research on this topic is highlighted.

IIposeoeno ananiz nimepamypnux odxcepen 3a 0anoio npobremamuror. Busiereno,
Wo 6NIUE GIKY HA OCHOGHI MIYHICHI ma OepopmamuesHi napamempu NPAKMUYHO He
suguaecsi. Hasedeno Mmemoouxy eKcnepuMeHmanibHux OO0CHIOJNCeHb XBOUHUX ma
JUCMAHUX NOPIO CYYINbHOI OepedUuHU PI3HO20 6IKY 3a 0OHOPA308020 KOPOMKOYACHO20
HABAHMANCEHHS 830084C 80I0KOH. Excnepumenmanvui 00caiodcenus OYio nposeoeHo Ha
cepgoziopaeniuniti - eunpooysanvhiti  mawuni CTM-100 3a oacopcmrozo  pedcumy
HABAHMAdNCEeHb (34 NPUPOCMOM nepeMilyeHs naumuy npecy eunpooysanvhoi mawunu). Ha
OCHOGI OMPUMAHUX PE3YALMAMIE N0OYO08aHO NOBHI diacpamu 0epOopMyEaHHsL TUCIAHUX
(bepesu, invxu, AceHa) ma X6oUHUX (MOOPUHU, COCHU, ANUHU) NOPIO CYYiNbHOI Oepesutu
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3a piznoco eiky (60, 40, 20 poxis). Kinvkicmv 3paskie-Oausnioxis, aki niooaganucs
sunpobyeannio, cmaroguna 126 wm. ExcnepumenmanbHuM wisixom 6U3HAYEHO OCHOGHI
MiYyHICHI ma OdeghopmamueHi napamempu, 30Kpema cepeoHi Kpumuuni depopmayii écix
00CiOAHCYBAHUX NOPIO OepeduHu ma GION0GIOHI CepeOHi MAKCUMANbHI HANPYICEHHS.
Bcmanosneno, wjo 3a HcoOpcmro2o pexcumy 6unpobysans oiacpama OegopmysanHs
CYYinbHoi depesutu 0008 ’°s13k060 Mae 08i 8imKu — uUcxiony ma cnaowny. Tobmo 3pasku
npayioms 6 Max 36auiil 3aKpumuunii cmaoii pobomu. Buseneno, wo ik Oepesuru
b6e3nocepednvbo 6NUBAE HA MiyHICMb ma deghopmiericme cyyinvHoi depesunu. 3okpema,
npu 36inbuienni 6iky 6i0 20 0o 60 poxie miynicme ma OehopmieHicmb TUCMAHUX MA
XBOUHUX NOPIO CYYIIbHOT Oepesunu Cymmeso 3p0Cmac.

Keywords: solid timber, strength, deformability, age of timber, complete
deformation diagrams, hard load mode.

Kmiouoei cnosa: cyyinena Oepeeuna, miyHicms, O0eqhopmieHicmb, 6iK OepesuHu,
nosHi diazpamu 0ehopMySanHts, HCOPCMKUL PENCUM HABAHMANCEHD.

Introduction. Over the past decades, the popularity of wood products,
materials and structures is constantly growing. As a result of such rapid growth
in the world, stocks of industrial timber are declining, as is the age of the trees
themselves in the forests. Therefore, in many cases, humanity has begun to use
wood of a younger age.

Therefore, in my opinion, it is necessary to conduct experimental studies of
coniferous and deciduous species of solid wood of different ages on modern
testing machines. And also to establish the influence of the age factor on the
main strength and deformation parameters.

Analysis of known studies. Most experimental studies on the effects of
age on the basic properties of wood were conducted at the beginning and middle
of the last century. And those studies are very limited. Such studies are
mentioned only in reference books on wood [1], and only on the strength of pine
and birch.

In our previous works, complete deformation diagrams of some coniferous
and deciduous species of solid wood aged 60 years have already been
constructed and the main parameters have been determined [2, 3, 4, 5].

The purpose of research. ldentify the influence of age on the main
strength and deformable properties of coniferous and deciduous species of
wood.

Methods of experimental research. To solve the problems, a series of
samples of 1 sort of solid wood in the form of prisms with a cross section of
30x30x120 mm were made. The following species of wood were tested:
coniferous species - larch, pine, spruce; deciduous - birch, alder, ash. The age of
wood was 20, 40, 60 years. At the time of testing, the moisture was 12%. The
age of the wood is 60 years. Drying of wood blanks was carried out in special
drying chambers. The humidity of the wood was controlled using a moisture
meter MD-814. Samples were cut from prepared long bars. The total number of
tested samples is 126 pieces.
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Experimental studies were performed on a servo-hydraulic test machine
STM-100 [6]. Load mode - rigid (by increasing the movement of the press of
the test machine).

Test results. The samples were tested with a single short-term
compressive load along the fibers.

After conducting experimental research and processing the obtained
results, complete diagrams of wood deformation "o-u" of all studied wood
species were constructed (Fig. 1, 2, 3).
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Figure 1. Complete diagrams of deformation of solid wood aged 60 years:
a) deciduous species; b) coniferous species
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Figure 2. Complete diagrams of deformation of solid wood aged 40 years:
a) deciduous species; b) coniferous species
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Figure 3. Complete diagrams of deformation of solid wood aged 20 years:
a) deciduous species; b) coniferous species

After analyzing the obtained diagrams, their main parameters were
established - the average critical deformations at the corresponding average
maximum stresses (Table 1).
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Table 1
Average critical deformations of coniferous and deciduous species of solid
and their corresponding average maximum stresses

Ne | Species Age

60 years 40 years 20 years

Ucod fC,O,d) MPa Uc0d fC,O,da MPa Ucod fe o.d» MPa

Birch | 0,00525 46,1 0,00509 43,5 0,00441 34,9

Alder | 0,00450 40,8 0,00431 37,2 0,00302 29,8

Ash 0,00610 57,2 0,00597 54,2 0,00504 43,9

Larch | 0,00641 59,7 0,00626 56,1 0,00534 453

Pine | 0,00491 45,3 0,00481 43,1 0,00409 34,8

OO Bl W N

Spruce | 0,00467 43,6 0,00451 40,2 0,00386 32,3

After analyzing the test results (Fig. 1,2,3) and Table 1, we conclude that
with increasing age, the strength and deformability of wood also increases.

Conclusions

1) the technique of experimental researches of coniferous and deciduous
species of solid wood of different age at a rigid mode of tests is developed;

2) for the first time complete diagrams of wood deformation of different
ages were constructed;

3) it was found that the age of wood directly affects the strength and
deformability of solid wood.
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KOHCTPYKTUBHI PIINEHHSA CYYACHHUX BEJIMKOITPOJIITHUX
TPYBOBETOHHUX APKOBUX MOCTIB

CONSTRUCTION SOLUTIONS OF MODERN LARGE-SPAN TUBE-
CONCRETE ARCH BRIDGES

Koaomiituyk I'.Il., k.T.H., 1ouent, Maiicrpenko O.®., K.T.H., JOLEHT,
Konowmiituyk B.I'., acmipant, Kouomiiiuyk B.I'., crygentka (Opecbka
Jep:KaBHA akaJeMisi OyIiBHHIITBA Ta apxiTekTypH, M. Oneca)

Kolomiychuk G.P., Ph.D. in Engineering, Associate Professor,
Maistrenko O.F., Ph.D. in Engineering, Associate Professor, Kolomiychuk
V.G., postgraduate student, Kolomiychuk V.G., student (Odessa State
Academy Civil Engineering and Architecture, Odessa)

Egexmusnicmo CYYACHUX ~ apKOBUX — MOCHIE o0ocseaemucs HOBUMU
KOHCMPYKMuHUMU piwennsamu. Posenanymi npuxnadu mocmis wo ompumany Haubinbut
BUCOKY OYIHKY ni0 wac exkcniayamayii, i HA8eOeHi NepCcneKmueHi HAnpAMKu O
nooanbuwo20  00CNIONCEeHHA mMa  pPO36UMKY APKOBUX MOCHMI8 3  BUKOPUCTHAHHAM
mpybobemony.

The effectiveness of modern arch bridges is achieved by new design solutions. The
considered examples of bridges that received the highest rating during operation, and
promising areas for further research and development of arch bridges using pipe
concrete are given.

Large-span arched structures have significant potential bearing capacity and can
be used as structures to solve the problems of new construction and reconstruction of
buildings and structures. They are able to change the uniformity of the environment with
their architectural appeal. Arches are especially convenient for use as bearing structures
of bridges in mountainous areas where the problem of thrust is solved. The introduction
of tube-concrete in the design of arches gave impetus to their further study and effective
practical application.

Constructive solutions of modern tube-concrete arch bridges are constantly
changing. This is caused by the need to increase the overall dimensions of structures, as
well as the introduction of new ultrastrong materials and scientific developments into the
construction.

Tube-concrete is not only a durable and load-resistant structural material, but also
economical in the process of manufacturing and operation. A metal tube is the external
surface of the structure that is being built and can have various processing performed in
the factory. The manufacture of formwork from metal tubes allows you to make the
dimensions, shape and configuration different depending on the requirements of the
project.
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In the future, large-span tube-concrete arch bridges should be used for high-speed
rail. Such bridges with a rigid skeleton are insensitive to daily temperature fluctuations
and have good durability.

Even though there is success in the design and construction of tube-concrete arch
bridges, existing technologies still cannot satisfy existing needs. Thus, it is necessary to
constantly search for new design solutions and solve critical issues of improving the
fatigue characteristics of welded joints, optimizing the concrete segments, and further
reducing the weight of the structure, which will help increase the span.

The article examined a large number of tube-concrete arch bridges and studied
their design solutions. It can be concluded that today there is no single methodology for
designing sufficiently promising arch bridges, therefore this problem is relevant and
requires further study.

Knrouosi cnosa: apxosuil micm, mpy606emouHi apKu, KOHCMPYKMUGHI pilieHHs,
mpybobemon, peakmueHuii NOPOUIKO8ULL GEMOoH.

Keywords: arch bridge, tube-concrete arches, structural solutions, tube-concrete,
reactive powder concrete.

Beryn. BenukompomniTHI  apKOBI  KOHCTPYKIIi BOJOIIIOTh 3HAYHUM
MOTEHITiIaIoOM Hecydol 34aTHOCTI 1 MOXYTh 3aCTOCOBYBaTHCA B SIKOCTI
KOHCTPYKIIH, [0 BUPILITYIOTH MPOOIEMH HOBOTO OYAiBHHUIITBA Ta PEKOHCTPYKIIii
OynmiBenmb Ta cropyd. BoHHW 3maTHI 3MIHUTH OJHOMAHITHICTE HABKOJIHUIITHBOTO
CEpeIOBHUIIla CBOEKD apXiTEKTYypHOK MpuBabiuBicTiO. OCOOIMBO 3pydHi apKu
JUI. BUKOPHUCTAHHS B SIKOCTI HECYYHMX KOHCTPYKIIH MOCTIB B TOPHUCTHX
MICIIEBOCTSIX, JIe BHPINIYEThCS MmpodieMa po3mopy. BrpoBamkeHHs B
KOHCTPYKIIii apoK TpyOOOETOHY [ai0 MOIMITOBX ISl iX MOAAIbIIOr0 BUBUCHHS 1
€()EeKTUBHOT0 NPAKTHYHOTO 3aCTOCYBaHHS.

AHagi3 ocraHHIX nocaimkeHb Ta myouaikamiii. Cepen moOyaoBaHHX Ta
3alPOEKTOBAaHNX AapKOBHX MOCTIB ICHYIOTh Taki, IO MOHa BIJHECTH [0
HAMOLIBII YHIKATBHUX 3 TOYKH 30pY KOHCTPYKTHBHHX PIIICHB.

ApxoBuii mict «HemoBns Enpiko» B IlopTo BoONOHmiE BHCOKHMH
TEXHIYHUMU Ta E€CTETMYHHMH SKOCTSMHM 1 TPHUCTaBisie coO0r0 HaWKpammi
3pa30K T'€OMETPUYHMX IapaMeTpiB Ui MOHITOPHHTY IHIIMX apKOBHX MOCTIB
[1, 2]. Crig BuminuTH, 1110 BiH BXOJUTH B YETBIPKY HAWOLIBIINX apPKOBHX MOCTIB
€spomu 3 mponboToM L = 280 M. BigHOmeHHS MPOJIBOTY 10 TOBIIMHH apKu
(h=1,5m) cknagae 187 i € CBITOBUM pPEKOPIOM, TOOTO 1€ JyKE TOHKA apKa.
Crpina ninfiomy apkn cknagae f=25 m. Binnomenns L/f = 11,2 Ttokasye 1o
ueit mict gocuts monormii. Moro «cratmummii xoedimient» (L2 /> 3000),
KOTpHH MPSMO MPOHOPLIiHUNA 0CHOBOMY 3YCHILIIO, IO JIi€ B CKIEIIHHI apKH, €
HaWOUIBIINM i3 yCiX apoK, IT00YJ0BaHHUX JIO TEHNEPIIIHHOTO Yacy.

HiiicHo, apka mocty «Hemosmst Enpike» B [lopTo € HaliHaBaHTaXeHIIIOHO i
HaMICTKAaTHIIIO Y CBITI.

OcraHHIM 4YacoM BifOYBA€ThCSI €BOJIOLIS KOHCTPYKTHBHOTO AW3aHHY Ta
TexHonori OyaiBHuuTBa [3]. TexHONOTiYHMI PO3BUTOK He OOGIHIIOB chepy
BHCOKOMIITHMX MaTepialiB, TaKuxX SK KOMIIO3WTHHHM MarTepial Ha OCHOBI
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MOPTIAHALIEMEHTY, IO OTPUMAaB Ha3By — PEAKTUBHUI MOPOIIKOBHH OETOH
(PIIK). Lle#t marepian Moxxe gocsiraty MiHOcTi Ha ctuck Bix 200 mo 800 MIla
Ta BUKOPUCTOBYBATUCS B OYAIBHUITBI MOCTiB. PO3p0o0IEeHO MPOEKTHI pilleHHs
Uil apkoBuUX MocTiB mpoiboroM 500 M, 750 M ta 1000 M. 3a BHHATKOM
MOCTOBUX (PYHJaMEHTIB Ta NPUMHKaHb, BCI HeCydl €JIeMEHTH KOHCTPYKIIH
BurotoBisitorbest 3 PIIK. Butparm PIIK Ha BHKOHaHHS BCIX MOCTOBHX
eJIEMEHTIB 0e3 MPUMHKaHb Ta (yHIaMEHTIB cTaHOBIATE 98957 / (1320 * 35,5) =
=2,11 M® / M* st apxu mporsoTom 1000 M, i 1,75 m> / M? 1151 apK¥ IPOTEOTOM
750 M.

B HaykoBii po0oTi [4] BHKOHaHO eKCIIEPHIMEHTAIFHO-TEOPETUIHI
JOCIIKEHHS TPyOOOSTOHHUX apKOBUX MOCTIB. J{JIsl MPOEKTYBaHHS PO3POOIICHO
CIPOIIEHHA METOX TPOTHO3YBAaHHA JOBIOCTPOKOBOI  peakiii apKOBUX
TpyOOOCTOHHHX MOCTIB, IO BpaxoBye CTapiHHI OCTOHY Ta IpoIec
OynmiBauITBAa. Ha Momensx apok IOCTikeHo aedopmaliii MmomnepeaHboro
pO3TATY, BHM3BAHOTO BIUIMBOM 4Yacy, Ha 3THHAIBHO-KPYTHIIBHY CTiHKICTb.
[MapamMeTpu 1110 PO3TIISAINCS: — BiK OCTOHY ITiJ] Yac MEPIIOro HAaBAHTAXCHHS; —
TPUBAJICTh HABAHTAXKEHHS; — MIIHICTh OCTOHY Ta CTajmi; — KoedillieHT
THYYKOCTI; — BIJIHOUIEHHS BHCOTHM apkKu JI0 11 HpOJbOTY, Ta iX BIUIMB Ha
nedopmariii  MOB3y4OCTi TPyOOOETOHHUX apoK. 3poOJCHO BHUCHOBOK, IO
TUMYacOBi e()eKTH BHABIAIOTH 3HAYHNI BIUIMB HA MOIEPEUYHY CTIHKICTh TOHKHX
mapa0oTiyHIX apoK 3 HHU3BKOI MIIHICTIO CTalli 1 BHUCOKHM BiIHOIICHHSIM
MPONBOTY A0 CTPUIH MiAiOMY, SIKi HaBaHTa)KeHI PIBHOMIPHO pPO3MOIiIICHIM
HaBaHTAKCHHSAM B pPaHHBOMY Billl Ta 3HAXOAAThCA JOBTHMH dac TiX
HaBaHTAXKCHHSIM.

i i 3aBganns. BukoHaTu ormsiL T0CTiHKEHb 10 BU3HAYEHHIO CyYacHUX
KOHCTPYKTUBHHX PIllIeHb BEJIMKONPOJITHUX TPYOOOETOHHMX apKOBHX MOCTIB i
3po0MTH TX TIOPIBHSIHHS 3 ICHYIOUMMH apKkoBuMH Moctamu. Otpumaru
rabapuTHi napamMerpu Ta 3acTOCOBaHI MaTepiajiu 1 KOHCTPYKIHI Uit pi3HUX
PO3paxyHKOBUX CXEM.

OcHoBHa 4yacTuHa. KOHCTPYKTHBHI pillIeHHs] Cy4acHUX TPyOOOETOHHMX
apKOBUX MOCTIB IIOCTIITHO 3MiHIOIOThCS. BH3BaHO 11e HEOOXIAHICTIO 301IBIICHHS
rabapuTHUX PO3MIpIB CIIOPYII, a TAKOXK BIIPOBAKECHHSIM B OYIIBHUIITBO HOBUX
HAIMIIHUX MaTepialiB Ta HAYKOBHUX PO3po0Ook [5-7].

TpyOoOeToH He TUTBKM MIOHWA Ta CTiHKHI [0 HaBaHTa)XXCHb
KOHCTPYKUIHHUH Marepiaji, aje 1 eKOHOMHHMH B TpOIeCci BHTOTOBJICHHS Ta
excryaranii. Oco0nmMBO B apKOBHX CHOpYyZax 3 TpyOOOETOHY OTPUMYETHCS
MIIHICT 3a paxyHOK ¢opmu. MertaneBa Tpyba € 30BHINIHBOIO ITOBEPXHEIO
KOHCTPYKIii 1o OyayeThcs 1 MoOXe Matu pi3Hy 0OpoOKy, BHKOHAaHY B
3aBOJICBKHX YMOBax. BHTOTOBIIEHHS ONajdyOKH 3 METalleBHUX TPYO J03BOJISIE
pobutu po3mipu, dopMy i KOHPIrypamiro pi3HUMH B 3aJI€KHOCTI Bi BUMOT
MIPOCKTY.

Hdnst  aHamily  KOHCTPYKTHMBHHX  XapaKTEepUCTHK  TPyOOOETOHHHX
BEJIMKOIIPOJIITHAX MOCTIB 00paHi Moctu 3 mpoiboroM Oumbmie 300 M. Tumm
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TIOTIEpEYHHX TIEepepi3iB TpyOOOETOHHMX apok mokaszaHi Ha puc. 1. B Tabmmmi 1
HABEJICHO MOOYIOBaHI MOCTH, JI¢ HABEJCHO Ta0apUTHI PO3MIPH apOK, a TAaKOXK
KOHCTPYKIIIFO iX MOMEPEYHOro mepepizy.

Puc. 1. Tunm nonepevyHnx nepepiziB TpyOOOCTOHHHUX apOK:
a) IBOTpyOHa; 0) TpOXTPYOHA; B) 1 T') YOTUPHOXTPYOHa,
1 — metaneBa TpyOa 3amloBHEHa OETOHOM; 2 — BEpTHKaJIbHA METAJICBa IUIACTHHA;
3 — epma; 4 — rOPU3OHTANBHUIA €IEMEHT 3’ €THAHHS, 5 — TOPU3OHTAILHA
MeTayieBa IUIacTHHA.

Tabmuns 1
Tpy60o6eToHHI apKOBi MOCTH NPoJboTOM noHax 300 M
= < Tpy6a
Ne Hassa mocty g = § = | Ut Tum apku
- é 1 5 — D, t,
MM MM

1 2 3 4 5 6 7 8
1 | He River Nel 529 117 | 45 | 1320 | 30 4 TpyOHa
2 | Wushan 460 121 3,8 | 1220 | 25 4 TpyOHa
3 | Zhijing 430 78 55 | 1200 | 35 8 TpybHa
4 | Liancheng 400 77 5,2 850 26 6 TpyOHa
5 | Yellow River 380 76 5 1500 - 4 TpyOHa
6 | Maocaojie 368 74 5 1000 | 28 4 tpyOHa
7 | Yajisha 360 80 4,5 750 20 6 TpyOHa
8 | Yong He 338 75 4.5 1220 25 Topu3oHT.
9 | Xiao He 338 68 5 1100 | 32 6 TpyOHa
10 | Tai Ping Hu 336 68 49 | 1280 | 25 | T'opu3oHT.

B Kurai po3poGmeno TexHiuHHA Komekc IS TpyOOOETOHHHX apKOBHX
mocTiB GB 50923-2013 [8]. B HboMy TpyOOOETOHHI apKOBi MOCTH TOTITISIOTHCS
Ha I'ITh OCHOBHUX THUTIB (puc. 2).
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(f } - + e )

Puc. 2. OcHOBHI THIIM KOHCTPYKLiH TPyOOOETOHHHX apoK
a) many6Ha apka; b) apka 3 131010 10 cepeinHi; C) apKa B BUIIISI JICTIOUOTO
nraxa; d) )KOpCTKa apka 3 THy4YKOIO 3aTsDKKOIO; €) apKa, 3aKpilieHa many0oro.
Ha ocHoBi aHanizy pesnbedy Ta reosorii MaiilaHuMKy OyJIBHHITBA MOCTa

OyJl0 3alpONOHOBAHO TPU CXEMH JJIs BapiaHTHOro mpoektyBaHHs [9]. Cxemu
oOpaHi Taki:

® BHCSYMIA MICT TpotboToM 520 M (puc.3, cxema 1);

® MeTaJIeBUi KOPOOUACTHI apKOBHH MICT IpoboToM 518 M (puc. 4, cxema 2);

o Tpy0OOETOHHNH apKoBHA MicT mpoboToM 530 M (puc.5, cxema 3).
TexHik0-eKOHOMIYHE TIOPiBHAHHS TPHOX BapiaHTIB MOCTIB HaBeIEHO B Ta0II. 2.

Puc. 5. TpyboOeTonHMit apkoBuii MicT mpoasoToM 530 M (cxema 3)
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Tabmums 2
TexHiKO-eKOHOMIYHI NOPIiBHSHHS TPhOX BapiaHTiB MOCTIB
ToKasHIKH MOCTa Cxema 1 Cxema 2 Cxema 3
(puc. 3) (puc. 4) (puc. 5)
3arajgbpHa JOBKHHA, M 810 750 841
OCHOBHHUI1 POJIIT, M 520 518 530
Il 1300, M 290 232 311
Hamminna crans, T 3304 148 724
3BHUYaiiHa cTajb, T 9455 23694 12441
Beron, M° 43344 29400 37900
Butparn, MiH. 1071apiB 310,87 493,83 250,30

OuiHIOIYN KOHCTPYKTUBHI DIllleHHS BapiaHTIB MOCTIB, MOKHA BHIUTUTH
ix Henmomiku. Cxema 1 (puc. 3). BukopucraHHs BeIMKOI KiJIBKOCTI HaaMIITHOT
cTau, OiIbII BHCOKA BapTiCTh PEMOHTY Ta obcimyroByBants. Cxema 2 (puc. 4).
BukopucTaHHs BENHMKOT KUIBKOCTI CTaji, CKJIAIHICTh KOHCTPYKIII, BHCOKa
BapTiCTh OyAiIBHUIITBA, BUCOKA BAPTICTh PEMOHTY Ta 00ciayroByBanHs. Cxema 3
(puc. 5). binpm cknanHi OyaiBenbHI POOOTH.

[opiBHSHHA T™pOeKTy TpyOobeToHHOrO Mocta (cxema 3, puc. 5)
BHKOHAeMO 3 icHYrounM MocToM Ne2 3 tabmumi 1. [Ipomit Mocty depes piuky
XemzsH Axmu Ha 70 M goBmIMIA Bifg MocTa YIIaHb, a BUCOTa apku Ha 10 M
HIDKYa, IO YCKIAJHIOE 3allMBKy O€TOHY 31 30UMBIICHHSAM MpPONBOTYy. B
MIPOEKTOBAHOTO MOCTY MPOCTIIIMH MiJiioM elleMeHTiB, Xo4a ix Bara Ha 600 kH
outpina. IllupuHa mepekpuTTs maayom ckiazae 9 M, a Bara MNEPEKPHUTTA
smenmmacs Ha 42 kH/m? 3a PaxyHOK 3aCTOCYBaHHS OPTOTOHAIBHOI peOpUcTOl
IUIMTH 3 3ani300eToHy. B apkax mpoekTy BUKopHcCTaHi TpyOu aiamerpom 1320
MM, 110 Ha 100 MM OiIbIII HI’K Y MOCTI YTIIaHb.

B OCHOBHOMY BEJIHKOIPONITHI TPyOOOETOHHI apKOBi MOCTH MOOY/I0BaHi
JUTL aBTOMOOIIBHHX JIOPIT, ajie BXKE 3aBepIIeHO OYIIBHUIITBO MOCTa IPOIHOTOM
430 M i s 3ami3aumi JIxaca — Heingi [10]. B MaiiOyTHROMY BENMKOTIPOIITHI
apKoBi  TpyOOOETOHHI  MOCTH  IUIAHYETHCS ~ BHUKOPUCTOBYBATH  JUIS
BUCOKOLIBHIKICHOT 3aii3HOi noporu. Takmii MiIiCT 3 JKOPCTKMM KapKacoMm
HalKpallle BUKOPHCTOBYBATH JUIsl BUCOKOIIBUAKICHOT 3a1Ii3HOT JOPOTH 3-3a HOTO
BEJIMKOI OPCTKOCTi, HEUYTIMBOCTI A0 JOOOBHX KOJHMBaHb TEMIlEpaTypu Ta
XOpOIIOi JOBrOBIYHOCTI. 3aBISIKM JIETKAM KOHCTPYKTHBHUM €JIEMEHTaM 1
palioHaNmbHIA PO3paxyHKOBIH cxeMmi apKoBi TpyOOOETOHHI MOCTH JOLIIBHO
OyayBaTH B TipChKHX paiioHaxX i JUIs MEepeTHHY KaHbHOHIB, J€¢ BOHU OiIbII
e(eKTHBHI HI)K BUCSAYi a00 BAHTOBI MOCTH BEJIMKHX ITPOJIBOTIB.

Hagite mpu ToMy, IO JOCSTHYTI YCHiXy B MpPOEKTYBaHHI i OyIiBHHUITBI
apKOBUX TPYOOOETOHHHWX MOCTIB, ICHYIOUI TEXHOJOTIi BCe IIe HE MOXYTh
3aJI0BOJIBHUTH cy4acHi norpebu. TakuM 4YMHOM, HEOOXiIHO MOCTiifHO BecTH
MOUIYK HOBMX KOHCTPYKTHBHUX pIllIEHb Ta PO3B’SI3yBaTH BXJIMBI NHUTaHHS 110
Ii/IBUIICHHIO XapaKTepUCTUK BTOMJIFOBAHOCTI 3BapHMX 3’€JIHaHb, ONTHMIi3alil

47



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

CEerMeHTIB OETOHYBaHHSI, TIOJANBIIOTO 3HIKEHHS Bard KOHCTPYKIIii, IO CIIpHSE
30UIBIICHHIO JJOBXXHMHH MPOJILOTY. MOXKIMBICTh OyqiBHUITBA TPyOOOETOHHOTO
apKOBOTO MOCTY MOJBbOTOM 650 M BKe JOKa3aHa i BENETHCS IMPOCKTYBAaHHS
MocTy mponboToM 700 M.

BucHOBKM i mepcrneKTHBHU JOCTiIKeHb. PO3IsIHYTO BEIHMKY KUIBKICTH
MOCTIB 13 3aCTOCYBaHHSIM TPYOOOETOHHHX apOK, BHUBYEHI 1X KOHCTPYKTHBHI
pIlICHHS Ta BUKOHAHO aHami3. Mo)KHa 3pOOUTH BHCHOBOK, 110 HA ChOTOJIHINIHIH
JICHb HE ICHY€ €IMHOT METOJHMKH IO MPOSKTYBAHHIO JOCHTh MEPCIEKTHBHUX
apKOBHX MOCTIB, TOMY I IpoOiieMa € aKTyaJbHOIO 1 MOTpedye IMONANbIIOro
BUBYCHHS.
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IMPOEKTYBAHHS EHEPITOE®EKTUBHUX BYAIBEJIBHUX
KOHCTPYKIIM HA OCHOBI YU CJIOBOT'O MOJAEJIIOBAHHSA
TEMIIEPATYPHUX MOCTIB

DESIGN OF ENERGY EFFICIENT BUILDING STRUCTURES ON THE
BASIS OF NUMERICAL MODELING OF TEMPERATURE BRIDGES

Ky3pmuu P.B., marictp, Camuyk B.II., k.T.H., gou., Kucmox JI.51.,
K.T.H., gon. (Jyupkuii HTY), CaBenko B.I. k.1.H., mpod. (KHYBA,
M. KuiB)

Kuzmych R., master, Samchuk V., Ph.D., Associate Professor,
Kyslyuk D., Ph.D., Associate Professor (Lutsk NTU), Savenko V.l. Ph.D.,
Professor (Kyiv National University of Construction and Architecture)

Hocniooicenns npucesuene 4ucio8omMy MoOen08aHHIO, aHANI3Y KOHCIMPYKMUBHUX
memnepamypHux Mocmie ma po3podyi pexomenoayiti ujo0o iX YcyHeHHs HA OCHOGI
onmumansHux npoekmuux piwens. Ha ocnosi uucnosozo exchepumenmy 6yno 6uKOHaHoO
NOPIBHAHHA eHep2oepeKMUSHOCI NPOEKMHUX piuleHb NiKeioayii MicmKa Xon00y y 8y3ii
NPUMUKAHHA NEPeKpUmms ma OAIKOHHOT NAumu.

In connection with the depletion of natural energy reserves, the urgency of the
problem of saving fuel and energy resources and improving the energy efficiency of
buildings is growing. To solve this problem, it is necessary to implement a variety of
energy-saving measures and apply design solutions with increased energy efficiency.

Purpose of the paper: on the basis of a numerical experiment to investigate and
compare the energy efficiency of design solutions for the elimination of the cold bridge in
the junction of the floor slab and balcony slab.

A balcony can serve as a cold bridge. Its load-bearing structure is a reinforced
concrete slab connected to the floor slab. This is a necessary condition for the
installation of the balcony so that it can perceive the operating load. Thus, the balcony is
a potential place for the formation of a cold bridge.

Insulation of the balcony slab can be done in different ways, each of which has its
own advantages and features of implementation. Among the insulation options for
comparison, two were adopted, which are based on the insulation of the balcony slab
and the use of a thermal cut-off system - a heat-insulating element.

The paper considers three options for a constructive solution of the connection of
the floor slab and balcony slab: option 1 - without any energy efficiency measures (for
comparison with energy efficiency); option 2 - insulation of the cantilever part of the
balcony slab with extruded polystyrene foam 50 mm thick; option 3 - the use of a system
of thermal cutting of the balcony slab from the floor slab with a thermal insert 50 mm
thick.

Based on the results of the numerical simulation of the three variants of the node, it
can be concluded that only variant 3 satisfies all the requirements of DBN.
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In terms of the amount of heat lost due to the considered node designs in the cold
season, the 3rd option is almost twice as energy-efficient as the 2nd option and three
times more energy-efficient than the 1st option, according to the criterion of minimum
energy flow.

Thus, to eliminate cold bridges in the junctions of floor slabs and balconies, it is
advisable to give preference to design solutions based on the principle of thermal cut-off.

Kniouosi  cnosa:  enepecoegpexmusnicmob, memnepamypHuii  Micm,  UUCIO08e
MOOeNIOBAHHS.
Keywords: energy efficiency, temperature bridge, numerical simulation.

IMoctanoBka mpodaemMu. VY 3B'S3KYy 3 BHCHAXCHHAM IIPHUPOTHUX
S€HePTeTHYHUX 3allaciB 3pOCTa€ aKTYaJIbHICTh MPOOJIEMH E€KOHOMii HaluBHO-
S€HePTeTUYHUX PECYpCiB Ta MiIBUINEHHS eHeproedeKkTHBHOCTI OymiBenb. s
BHpIMICHHA [HOTO 3aBAaHHSA HEOOXiTHO BIPOBAKYBATH SK pPi3SHOMaHITHI
eHepro3oepiratodi 3aXxoAHW, TaK 1 3aCTOCOBYBAaTH TWIPOCKTHI pilIEHHS 3
Ii/IBUILEHOI0 €HePTroe()eKTHBHICTIO.

CHOBIIBHUTH OXOJIOMXKCHHSI OYAMHKY MOXKHA 32 PaxyHOK BHKOPHUCTaHHS
MPOTrPECUBHUX OYHIBEJIbHUX TEXHOJIOTIM, sKi mependavyaTh 3axoqu 3
TEII03aXxucTy. Sk NpaBWio, 1€ BIAIITYBAaHHSA 30BHIIIHBOI OOOJOHKH 3
MarepiaiiB, sSKi OraHO IepeJaroTh TEIUIo: CIIiHEeHi MoyiMepH, MiHepajibHa Bata,
Hi3aproBaTuii 6eToH Tomio [1].

IIpoTte, KOHCTPYKTHUBHI 0COOIHMBOCTI OaraThox OymiBenb mependavyaroTh
BUKOPHCTAaHHS PI3HOMAHITHUX HECY4YHX Ta IiJACHIIIOIOUNX CJIEMEHTIB, TAKUX SIK
3a11i300eTOHHI OaKH, KOJOHH, IUIUTH, MEPEMUYKH, OTIp TeIUionepeaadi y ssKimx
HU3BKHH, dYepe3 IO 3HWXKYEThCS 3arajibHa e(eKTHBHICTh TEIUIO3AXHUCTY
KOHCTPYKIIH BI[IOMY.

VY 3B’S3Ky 3 LUM, aKTYyaJIbHUMHU € JIOCII/KEHHs, PHUCBSIYEH]I YHUCIOBOMY
MO/ICIIFOBaHHIO, aHali3y KOHCTPYKTUBHHUX TEMIIEPAaTYPHUX MOCTIB Ta PO3pOOKH
peKOMeHalli#l 1010 TX YCYHEHHS! Ha OCHOBI ONTUMaJIbHUX MMPOEKTHUX PillleHb.

Mera po6GoTM: Ha OCHOBI YHCIOBOI'O €KCIEPHUMEHTY JOCITIJUTH Ta
MOPIBHATH eHeproe()eKTUBHICTh IPOEKTHHUX PILICHb JIIKBiJalii MiCTKa X0JI0aY Y
BY3JIl IPUMUKAHHS IEPEKPUTTSI Ta OATKOHHOT IUIUTH.

OcHoBHa YacTHHA. MICTKH XOJIOAY — II€ 30HH 3 MiJIBUIIEHUM BHTOKOM
eHeprii (Teruia abo xomomy). 3a JaHWMHU 0araThOX MOCIHITHHKIB, SKIIO HE
JIKBiyBaTH MICTKH XOJIOLY, TOAI B OyAWHKY BTpadaetscs a0 30-50% Bix 3a-
raJbHOT0 00CATY EHEpropecypciB, 10 BUTPAYAIOTHCS HA 00IrpiB HOTo B3UMKY.

Ha dacani OyamHKY Bi3yalbHO BH3HAYUTH MICTKH XOJIOAY NPAaKTHYHO
HEMO>JHBO. [liarHoCTUKY OyJiBIIi Ta BHSBIEHHS MiCIlb BTPaTH TEIUIa MOXHA
BHKOHATH JIMIIE 32 JIOTIOMOTOIO CIEIlialbHUX MPHIaAiB, 30KpeMa TeIIoBi3opa.
IIpoTe cydacHi mporpaMHi KOMIUIEKCH J03BOJISIOTh MOOYIyBaTH TOYHI MOJEINi
eJIeMeHTIB OyiBeTbHUX KOHCTPYKIIilf, MPOBECTH UYHCIOBI EKCHEPUMEHTH Ta
BU3HAUWTH TEMIEpaTypHi i30mMOJII B KOHCTPYKIISIX, TEIUIOBHH IIOTIK uepes
BY30JI Ta PO3MOIiI TEMIIEPATypH HAa BHYTPIIITHEOMY KOHTYpi By3Ja.
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IcHytOTh MICTKH XOJIOAY, SKUX MOYKHA YHUKHYTH, aji¢ OyBaloTh 1 Taki,
Mo30yTHCh SIKMX JOCUTh CKJanHO. OIHUM 3 NPUKIAAIB MOXe OyTH 3aiizo-
OeTOHHA IJINTa NEPEKPHUTTS, siKa OOMMPAETHCS HAa 30BHIIIHI cTiHKM. Kpail minTH
MOXE JIOXOAUTH JI0 Kparo IUIOLIMHU 30BHIIIHBOI CTIHM Ta MOXKE MEXYBATH i3
30BHILIHIM CEPE/IOBHINEM, IO HEraTHBHO BIUIMBAE Ha CHEProe()eKTUBHICTH
KOHCTPYKIIIi 1 € XOPOIIUM TPOBITHUKOM Tera 3 OymuHKy [2].

BukoHyBaTH (YHKIIO MiCTKa XOJOAy Moe OankoH. Moro Hecyuoro
KOHCTPYKII€IO0 € 3ai300€TOHHA IUINTa, 3'€qHAHA 3 IUIUTOI0 TepeKkpuTTa. Lle
HeoOXiJHa yMOBa NpPH BIAIITYBaHHI OankoHa, MO0 BiH 3MIr chopuiMaTh
eKCIUTyaTalliifHe HaBaHTaXXCHHS. TakuM YMHOM, OaJKOH — IIe TIOTeHIiHe Miciie
YTBOPEHHS MICTKa XOJIOAY.

VYremneHHs HATH OalKOHYy MOXKHA 3IIHCHUTH PI3HUMH cIiocobamu,
KOKEH 3 SKHAX Ma€ CBOI MepeBard Ta ocoOmuBocTi peamizamii. Cepen BapiaHTiB
yTEIUICHHS JUIs NOPiBHSHHS OyJIU MIPUIHSATI /1Ba, IKi IPYHTYIOThCS Ha yTEIJICHHI
camol OaJKOHHOI IUIMTH Ta BUKOPUCTAHHI CHCTEMH TEPMIYHOIO BiJICIKAHHS —
TEIUIOI30JISIHHOTO €IIEMEHTY.

Jliist qocmiKeHHsT KOHCTPYKIH 3 MOTCHIIMHUME MIiCTKaMHU X0JIony OyJio
BHKOpHCTaHO Tmporpamy Elcut, ska no3Boise BupilnyBatd 3aBAaHHS
IH)KEHEPHOTO MOJEIIOBAHHS EJIEKTPOMAarHiTHUX, TEIJIOBUX Ta MEXaHIYHUX
3amad METOJOM CKiHYCHHUX eJIeMeHTiB. BoHa Mae mpocTmii iHTepdeiic Ta
JI03BOJISIE  JIETKO  3allPpOCKTYyBAaTH Ta MpPOAHANi3yBaTH TEIUIOBHH CTaH
PI3HOMAaHITHAX CHCTEM, 30KpeMa po3paxyBaTH pO3IOIIT TeMmIepaTypu Hu
SHEepreTUYHHUH TOTIK, 110 IPOXOANUTH Yepe3 By30I1 OyMiBEIbHOI KOHCTPYKIIi.

Byno  posrasiHyTo TpM  BapiaHTH  KOHCTPYKTMBHOTO  BHPILIEHHS
MIPUMHUKaHHS IEPEKPUTTA Ta OAIKOHHOI IIIUTH (puc. 1):

— BapiaHT 1: 0e3 OyIb-IKUX eHeproe()eKTUBHUX 3aXO0JiB (IJIs1 MOPIBHIHHS
3 eHeproe()eKTUBHIMN);

—BapiaHT 2: yTeMJIeHHS KOHCOJbHOI YacTUHU OalKOHHOI  IUIUTH
EKCTPYIOBAHUM IiHOTOJIICTHPOJIOM TOBIIHHOIO 50 MM;

— BapiaHT 3: 3aCTOCYBaHHS CHCTEMH TEPMIYHOTO BIJICIKAHHI OaJIKOHHOT
IUTUTH BiJl TUTUTH TIEPEKPHUTTS TEPMOBCTABKOIO TOBIIMHOIO 50 MM.

i)

s

a) 0) B)

Puc. 1. KoHCTpyKTHBHE BUpIlLIEHHS By3Ja: a) Bapiant 1 — 6e3 eHeproegeKkTus-
HUX 3aX0iB; 0) BapiaHT 2 — yTeIUIEHHS KOHCOJIBbHOI YaCTHHH OAJIKOHHOT IIIUTH
10 KOHTYPY; B) BapiaHT 3 — 3aCTOCYBaHHS CUCTEMH TEPMIYHOTO BiJCIKAaHHS
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I'panmyHi yMOBH 3a1aeMO APYroro pony — Koe]imieHT TeIUToBiamadi Iis
30BHILIHBOI Ta BHYTPILIHBOI TOBEPXOHb, @ TAKOK TEMIIEPATYPy 30BHIIIHBOTO Ta
BHYTpIIIHBOTO NOBITPs. Ha cTukax, ie He 3a7aHi TpaHuYHI YMOBH, BBaXKA€ThC,
110 TEMJIO0OMiH BiICYTHIH, TOOTO TEIJIOBUI MOTIK Ty HE MEPEAAETHCSL.

Jns BUKOHAaHHS pO3paxyHKy CiTka (OpPMYeETbCSI B aBTOMAaTHYHOMY
pexumi. Ilporpama cama Bu3Hauae 11 IHTEHCHBHICTH JUIS MaKCHMAJbHOI
TOYHOCTI PO3paxyHKYy.

Ha ocHOBI uncnoBHX MozesIel BU3HAUEHO TEMIIEpaTypHi OIS IS pi3HOTO
KOHCTPYKTUBHOTO BHpIIICHHS BY3Jla 1 JOJATKOBHHA TEIUIOBHH IIOTIK, SKHA
MIPOXOAUTH Yepe3 Hhoro (pHc. 2, 3, 4).

Tennosoii noToK

F (B1/m2)

Tennoeoil noTox
F (B1/md)

Puc. 3. TemnepaTypHi 1301015 Ta TEIUIOBHH MOTIK Yepe3 By30J1 BapiaHty 2
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Puc. 4. TemnepatypHi 130101151 Ta TEIJIOBUI TOTIK Yepe3 By30J1 BapiaHTy 3

1106 mopiBHATH OTpHMaHi pe3ylbTaTH YHCIOBOI'O MOJEIIOBAaHHS, Oynu
noOynoBaHi rpadiku po3nonity TeMrepaTypy Ha BHYTPIIIHIX KOHTypax By3Ja y
MiCIISIX MEPEXOy CTiHa-IIiIora Ta cTes-cTina (puc. 5, 6, 7).

Teuneparypa (°C)
18 T

L
Puc. 5. Po3nozin Temieparypy Ha BHYTPILIHIX KOHTYPAaX CTiH Ta HEPEKPUTTS Y

By3J1i BapiaHTy 1
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Teunepatypa (°C)
18.8

147
196
1458
194
143
182
191
14.0
169
188 -
187 -
186
185 -
184 -
183
1682
181+
160
178

178 L L
0.0

20 22 24
L)

Puc. 6. Po3nozin Temneparypy Ha BHYTpILIHIX KOHTYPaX CTiH Ta IEPEKPUTTS Y

Teuneparypa (°C)
198

By3Jli BapiaHTy 2

197
196
195
194
193
19z
131
190
189
188
187
188
185
1841
183 F
182
181
180
178

178 Lt
i}

20 2.2 24
L)

Puc. 7. Po3noain temriepaTypy Ha BHYTPIIIHIX KOHTYpax CTiH Ta NEPEKPUTTS Y

BY3JIi BapiaHTy 3

MiHiMaJIbHI 3HAYEHHS TEMIIEpaTypu Ta MaKCHMaJlbHI 3Ha4eHHs IOTOKY
eHeprii (3 ypaxyBaHHAM IUIOLIl CTiHM), LIO NPOXOAUTH Yepe3 PO3IIISTHYTI
KOHCTPYKTHBHI BapiaHTH By3IIa, IPEeICTaBlIeH] y Tabmumi 1.

Tabimns 1

3BeHeHa TaGJ’II/IIIﬂ 3 pe3yJjibTaTaMH YHUCJIOBOI'O MOJICIFOBAHHA KOHCTPYKTUBHUX

BapiaHTiB TEMIEPaTypHOTO MOCTA

Ne Bapianty MiHiMalibHa TeMIepaTypa Ha TermoBuii MOTIK,

By371a BHYTpilIHii noBepxHi, Bepx/nus, °C yepes By3ond, Bt
Bapianr 1 155/11,3 36,222
Bapianr 2 17,6 /15,2 22,433
Bapiant 3 18,8/17,9 11,337
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BucHoBok. 3a pe3yibTaTaMu YHCIOBOTO MOJCIIOBAaHHS TPHOX BapiaHTIB
KOHCTPYKTUBHOTO BUPIIIECHHS By3J1a NMPUMHUKAHHS MEPEKPUTTS Ta OaJIKOHHOI
IUTUTH MOYKHA 3pOOHMTH HACTYIHI BUCHOBKU:

— Yy Micui NPUMHUKaHHS NMEPEKPUTTS Ta OAJIKOHHOI IUIMTH BiOYBArOTHCS
CYTTEBI Iepenagy 3HaueHb TEMIIEPATYpPHUX IOJIB, IO BUMAarae IiJBUILEHOT
yBarm 10 BHOOpPY METOAIB MPOEKTYBaHHs, BIAINTYBaHHA Ta AOTJIALY 3a
TEII0I30JII0I0U00 000IOHKOIO OY/IiBIIi;

— 33 pe3yubTaTaMH TEIUIOTEXHIYHOTO  PO3PAaXyHKY  30BHILIHBOT
OTOPOJIKYBAIbHOI KOHCTPYKIIiT [3] MiAXOIATE yCi Tpu BapiaHTa, IpOTE YHCIOBE
MOJICITIOBAHHS JTO3BOJIMIIO OLNBII TOYHO BHU3HAYUTH PO3IOMALT TEMIIEPATYPHUX
Ta SHEPreTHYHUX IOJNIB Y PO3IIIHYTHX BY3Jax;

— Bapiant 1 Ta 2 He 3aJ0BONIGHSAIOTH CaHiTapHO-TirieHiuHi BuMoru [3],
OCKUTBKH TIepernaj TeMIepaTypd Ha BHYTPINIHIH TIOBEpXHI CTIHH Ta B
npuMimenni Bummit 3a 4 °C, mo € MakcumanbHo gonyctumuM 3a JIBH
«TermutoBa i30Jis1is OyiBEIbY;

— yci Bumoru JIBH 3an0BosbHs€ nuiie BapiaHt 3.

3a KUIBKICTIO TeIula, sSKE€ BTPA4Ya€ThCs uepe3 PO3MITHYTI KOHCTPYKLIT
BY3JIIB Y XOJIOJHY MOPY POKY, 3-i BapiaHT Maiike BJIBiYl eHeproeeKTHBHIIIHIA
HDX 2-1 BapiaHT 1 BTpHYl eHeproe(eKTUBHIMMKA HiX 1-if BapiaHT, 3a KpUTEepieM
MiHIMaJIFHOTO TIOTOKY €HEpTii.

TakuM YMHOM, JJI YCYHEHHS MICTKIiB XOJIOLY Y By3JiaX NPUMUKAHHS IUIAT
NEePeKpPUTT 1 OaJKOHHUX [IOLIJIBHO HAJaBaTH NepeBary KOHCTPYKTHBHHM
pIIIEHHSM HA OCHOBI IPUHIIMITY BiICiKAHHS.
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BIIJIUB TOBABKHU ITOJIIIIJIACT CII-3 HA MIIJHICTBh BA’KKOI'O
BETOHY

EFFECT OF POLIPLAST SP-3 ADDITIVE ON THE STRENGTH OF
HEAVY CONCRETE

Ouexciok A.C., marictp, Yixeros C.O., K.T.H., Ykeropa O.A., K.T.H.,
aon., Porko C.B., K.T.H., gom., (JIyubkuii HamioHANbHUH TeXHiYHUIH
yHiBepcutet, M. JIynbk)

Oleksiuk A.S., master, Uzhehov S.O., Ph.D. in Engineering,
Uzhehova O.A., Ph.D. in Engineering, Associate Professor, Rotko S.V.,
Ph.D. in Engineering, Associate Professor, (Lutsk National Technical
University, Lutsk)

3a  Oonomoeoro  cucmemHo20  amanizy 3 BUKOHAHHAM — MAMEMAMUYHOL0
MOOENO8AHHA | OMPUMAHHAM DIGHAHHA pecpecii 00Cni0NHCY8A8Cs 6NAUE HA MIYHICMb
b6emony npu cmucky niacmughixamopa Ioninnacm CII-3, akuti dodasaiu y Kinbkocmi
0,5%, 1,0% a6o 1,5% 6i0 sumpamu yemenmy. Pazom 3 mum, docnioxcysasca eniug we
060X  (pakmopig: B000YEMEHMHO20 CNIBGIOHOWEHHA [ MeMNepAmypHO20 PetCUMy
meepoinHs ~ GemoHy. 3a pieHsHHAM peepecii noOYO08aHI NOBEPXHI 6IO2YKY, SKI
O0eMOHCMPYIOMb 3ANENHCHICMb MIYHOCHI 8AACKO20 OEMOHY NpU CMUCKY IO 3A3HAYEHUX
¢axmopis.

The compressive strength of heavy concrete, as its main mechanical characteristic,
is influenced by many factors. It is possible to determine the degree of influence of
certain factors using the system analysis with performance of mathematical modeling
and getting of the regression equation.

In this article uses the Box-Behnken design, which is often exploited in the study of
concrete technology. The purpose of the mathematical method of experiment planning
was to determine a mathematical model of this research with a record of the function
that will be decisive for the result of the research, based on certain initial conditions. A
three-factor experiment was planned, where individual factors did not correlate with
each other, and the optimization parameter was the compressive strength of heavy
concrete. The effect of Poliplast SP-3 additive, which was added in the amount of 0.5%,
1.0% or 1.5% of cement consumption, was experimentally investigated. At the same time,
the influence of two more factors was studied: the water-cement ratio (0.42, 0.43 and
0.44) and the temperature of concrete hardening (keeping the experimental samples of
concrete in the steaming chamber for 5 hours, keeping other samples within 10 hours, as
well as curing of concrete samples under normal conditions without heat treatment).

Based on the experiments, the coefficients of the regression equation were
determined statistically. When tested, they showed satisfactory reproducibility of the
obtained experimental data - the Cochran’s test was G = 0.125, which is less than the
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tabular value of 0.296. The adequacy of the equation is confirmed by Fisher criterion F
= 2.13, which is less than the tabular F (0.05; f,q; f,) = 2.23.

According to the obtained regression equation were modelled the response
surfaces, which demonstrate the dependence of the compressive strength of heavy
concrete on the content of additive, water-cement ratio, temperature of concrete
hardening.

Knrouosi cnosa: easckuii 6emon, MmiyHicmo, mpu@axmopuuil excnepumenm,
Pi6HAHHS peepecii, N08epXHI 8IO2YKY.

Key words: heavy concrete, strength, three-factor experiment, regression equation,
response surfaces.

Ha MimHIiCTE Ba)XKOTO OCTOHY IIPHU CTUCKY, SIK TOJOBHY HOTO MEXaHIYHY
XapaKTepPUCTUKY, BIUIMBA€ 0araTo YHMHHHUKIB. BU3HAYNTH CTYMiHb BIUIHBY
NEeBHUX ()aKTOPiB MOXKHA 3a JOIIOMOTOI0 CHCTEMHOI'O aHai3y 3 BHKOHAHHSIM
MaTeMaTHYHOTO MOJCIIOBAHHS 1 OTPUMAaHHAM PiBHSAHHS perpecii.

Y po6OTi BUKOHYBAJIOCH JIOCHTI/UKEHHS BIUIMBY IUIacTH(ikaTopa Ha
MIIHICTh OETOHY METOZIOM MaTeMaTUYHOTo IUIaHYBaHHS €KCIIepUMEHTY. Pazom
3 KUIBKICTIO MofaHoro mactudikaropa (y % 10 MacH IEMEHTY) BapiroBajuCs
ie Jiesiki ()akTopH: BOJOIIEMEHTHE CIiBBIJTHOLICHHS Ta TEMIIEPATypHUI PEXUM
TBepiHHs OeToHy. TakuM YMHOM, ITaHYBaBCs TPUGDAKTOPHHUI EKCIIEPUMEHT, 1€
okpeMmi (haKTOpu HE Maiu MK COOOI0 KOpeJsLii, a mapaMeTpoM ONTHUMi3awii
OyIa Meka MIITHOCTi O€TOHY TIPH CTHCKY.

Otxe, (hakTOpamMu BILIMBY NPUHHATO: X; — BMICT Iuactudikaropa y % 1o
MacH IeMeHTY; X, — BoJOlLeMeHTHe criBBigHOmEeHHs, B/L[; X3 — TpuBamcTts
TepMOOOPOOKH y TIPOTIAPIOBANIBHIH Kamepi.

Jdns moOymoBM IUIaH-MATPHIl EKCIEPUMEHTY BHKOHAHO KOJYBaHHS
¢axTopiB (Tadm. 1).

Tabmums 1
YMOBH ITUIaHYBaHHS €KCIIEPUMEHTY
daxTopu PiBHi IarepBan
HarypanbHuit Burmisig Konosanwii BapirOBaHHS BapirOBaHHS
BHIJISI -1 0 | +1

Bwmict mractudikaropa, % X1 05 [ 10|15 0,5
Bonouementhe

criBBigHOmEHHs, B/1] X 0,42 (0,43(0,44 0,01

Yac nponaproBaHHs, FOIUH X3 0 5 |10 5

VYeci ¢akTopu MaroTh BUCOKHH CTYIIIHB YIPaBIiHHS, IO Ja€ MOXKIHMBICTH
BHOpaTH 3a/1aHUH piBeHb BapilOBaHHA: HA OCHOBHOMY piBHI rutanyBanHs (0), Ha
HIDKHBOMY piBHI (—1) 1 Ha BepXHBOMY piBHI (+1).

Bci  mapamerpm JOCHiTHHX 3pa3KiB  BIAMOBINANM MATPUII IUIAHY
eKCIIEpUMEHTY. Y KOXHIH TOYIl IUIAaHy BHTOTOBJISIM IO TPH 3pa3KH, a Ha
OCHOBHOMY DiBHI — IIIICTh 3pa3KiB.
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Jist BUTOTOBIIEHHS OETOHHOI CyMiIIi 0YyI0 BUKOPHCTAHO:

nemeHT M300, BupoOuuk — BAT IBaHO-DpaHKIBCHK-IIEMEHT, C. SIMHUIL,

KBapLOBHH MicOK 3 Kap’epy c. HocaueBmui PoxkuineHcbkoro paioHy
Bonuacbkoi obnacti. JlabopatopHUM HUIIXOM BU3HAUYEeHI MOKA3HUKH: BOJIOTICTh
micky 7,15%; BMICT mUIyBaTHX 1 INIMHUCTHUX 4YacToK 6,8%; MOIyNb KPYIHOCTI
M,, =1,54. BucHoBok: micok JpiOHMI 3 BHCOKMM BMICTOM TJIMHH, TOMY B
nadopaTopii A0AATKOBO OYJIO 3/iMCHEHE BiIMYIIIOBAHHS IIiCKY;

me0iHp BUKOpUCTaHO 3 BupiBchkoro mebeneBoro kap'epy. Llebinp cipwid,
KyOoBuaHUiL. [IpociBOM Kpi3bk cHTa BCTAaHOBIICHO: (pakxiis 5-25.

Beronny cymim ckmamy 1:1,45:2,55 roryBamm y OeToHO3MimryBadi,
(dopmyBaHHS 3pa3kiB (y BUIILAAI KyOiB 3i cTopoHOIO 150 MM) 3 YIIiTBHEHHAM
cyminn 3milicHIoBann Ha BiOpoctom. TBepmiHHA 3pas3kiB BigOyBamocs
BIINIOBITHO O MAaTpUIli IUIAHY: OJHA YacTHHA KyOiB TBEepIila 3a HOpPMaIbHUX
YMOB — Yy BaHHI 3 TiJpaBJIiYHUM 3aMKOM, IHIIy YacTHHY OCTOHHHX KyOiB
MOMIIAJIK Y TIPOTAPIOBaJIbHY KaMepy 1 BUTPUMYBAJIM TaM 5 TOJUH, perTa KyOiB
3ajMIaiiacs B MPONapOBajbHIA Kamepi 1ne Ha 5 roaud. s mpomaproBaHHS
3pa3KiB JOTPUMYBAJIKCh BCTAHOBJICHOTO TEMIEPATypHOTO PEXHMY KaMepu
(Tabm. 2).

Tabnuus 2
TemmepatypHU pexXiM y IpONaplOBaIbHINA Kamepi
lop.| 1 2 3 4 5 6 7 8 9 10
t°C | 30 | 39 42 45 53 60 65 70 71 72

[Micns mpomaproBaHHs BCi 3pa3kd BUTPHMYBAIX Yy BaHHI 3 TLAPaBIIYHAM
3aMKOM aX JI0 BUIPOOYBaHHA Ha CTUCK. BuUrpoOyBaHHA KyOiB BHKOHYBAlld Y
Bimi 28 ni6 Ha mpeci [1-50 (puc.1).

L4

Puc. 1. BunmpoOyBaHHS 3pa3KkiB Ha mpeci
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IIpu BumpoOyBaHHI 3pa3kiB s KOXXHOTO 3 HHUX OyJIO BCTaHOBJICHE
pyWHIBHE 3yCHIUIS, 3a SKMM Oylla BH3HAYCHA MIIHICTh HA CTHCK, a TAKOX 1X
cepesHi 3HaueHHs y (Talu. 3).

Tabmuus 3
Marpun riaHy Ta BUXiIHI eKCIIepUMEHTANIBHI JaHi

Touku |Matpuus naaHyBaHHs Buxinni mapamerpu, fy, MIla
IIaHy | X x| X3 | faa ) | fae (Ve2) | faa (Vi) | fem (55,)
1 +1 +1 0 36.8 36.7 36.7 36.7

2 +1 -1 0 43.7 43.6 43.6 43.6
3 -1 +1 0 35.1 35.0 35.1 35.1
4 -1 -1 0 43.1 43.0 43.2 43.1
5 +1 0 +1 43.1 43.2 43.1 43.1
6 +1 0 -1 41.2 41.3 41.3 41.3
7 -1 0 +1 41.2 41.1 41.1 41.1
8 -1 0 -1 38.8 38.9 38.9 38.9
9 0 +1 +1 38.3 38.4 38.3 38.3
10 0 +1 -1 355 354 354 354
11 0 -1 +1 49.4 49.3 49.3 49.3
12 0 -1 -1 46.1 46.0 46.0 46.0
13 0 0 0 42.6 425 425

14 0 0 0 42.4 42.6 42.5 425

Ha ocnogi mMatputi miany bokca-berkena 0yno BH3HaY€HO pO3paxyHKOBI
mapaMeTpu Ta oOYHCIeHI Koe(illieHTH MpH JHIHHAX 4YWIeHAX, KBaJpaTUIHUX
qreHax 1 B3aemomisx. KoedimieHTn piBHAHHSA perpecii BH3HAYald 3a
¢dopmymnamu (2.48)...(2.51) nocibHuka [5].

HacTynmHuM eTanoMm € mepeBipka BiITBOPIOBAHOCTI OTPUMAHHX JIOCIITHUX
nanux. Jlucnepcito SS 3HaXOAWIH 32 (popMyJI0I0:

S | *)2,
u= r—1i§1 Yui = Yu

Jie | — HoMep TIOBTOPHOCTI; Yyj — BUXiTHHI mapaMerp TpH | -iif TOBTOPHOCTI.
Jucriepcis BiATBOPOBAHOCTI 32 [5] craHOBMIIA:

N
S7= 135 =0,16/14 = 0,01143 MITa’.
NG

u,max

Kpurepiit Koxpena 3a [5]: g = g2 ZN:SE = 0,02/0,16 = 0,125, mpo €
u=1

MEHIIUM Bijx TabamuHoro 3uaueHus 0,296, omke, poOMMO BUCHOBOK, IO MPOIIEC
BiITBOPIOBAHUIA.
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Tabnuune 3naueHns kputepito Crerogenrta t = 2,05 [5, ¢. 153-154] mpu
piBHi 3HaunMocti &= 0,05 (P=5%)if,=N(r—1)=14(3-1) = 28.

OCKiNbKH TpoIiec BiATBOPIOBAHMMN, TO MOXKHA 3aIICATH PIBHAHHS perpecii
3 KOZOBAaHUMH (paKTOPAMHU:

y =425+ 0.65X; —3.65 X, + 1.02 Xg— 1.47 x;°— 1.61 x> + 1.34 x5° +
+0.138 X;X,— 0.05 X1 X3—0.05 X, X3 .

AJeKBaTHICTh LILOTO PIBHSHHS II€PEBIpsIOTH 3a Kpurepiem @Pimepa F.
AJICKBaTHICTh OyJie BIACTHBA, KOJIM BUKOHYBATUMETHCS HEPIBHICTS:

F=82/S. <F(0,05; fug; f,),
e S g 4 — AMCIEPCisl aIeKBATHOCTI, Ky O0YUCIIIOIOTH 32 OPMYIIOK:

n 2

S . Z:(y_yu) ’

d =
2 n—k—lu=1
TYyT y — pPO3paxyHKOBE 3HAUCHHs BIATYKY B u-ToMy mociifdi; fay — wumcmo

cTyneHiB cBoboau aucnepcii aaexBatHocTi fog = N — K — 1; K — uncno dakropis,
B jmaHoMmy Bumanky K = 3; f, — umcmo crymeHiB cBoGoam mmcmepcii
BinTBOproBaHocTi f, = N(Mg — 1); My — UmcI0 MOBTOPHOCTEH, B JaHOMY BHITaAKY
mo=3;

Tabnmune 3HaueHHs kpurepito Pimepa F mpu dmcmi cTymeHiB cBodoan
mucnepcii anekBatHocTi f)g =N —k—-1=14 -3 -1 =10 i npwu ymci cTyHeHIB
cBoboau aucnepcii BigrBoproBanocrti fy = n(mgy — 1) = 14(3 — 1) = 28 cranoBuThH
F(0,05; fa; fy) = 2,23.

g mocmimgy Nel Bigryk

y® =425+ 0.65 x; —3.65 Xp+ 1.02 X3— 1.47 X;>— 1.61 x,° + 1.34 X2 +

+ 0.138 X;X,— 0.05 X; X3—0.05 X5 X3 .=

=425+ 0.65 x(+1) —3.65 x(+1) + 1.02 x 0 — 1.47 x(+1)— 1.61 x(+1)* +

+1.34 x0%+ 0.138 x(+1) x (+1)— 0.05 x(+1) x 0 — 0.05 x(+1) x 0 = 36.558 .
st inmmx gocinis: Y& = 43.583; y©® = 35.083; y“ = 43.441; y© = 43.099; y©
= 41.265; y\) = 41.359; y® = 39.045; y¥ = 38.251; y*? = 35.511; y*V) = 49.351;
y1? = 46.011; y =y =425,

Bianosigne 3HaveHHs (y - yu)z Jutst iepmoro jocmiay (36.558 — 36.7)2 =

0,02016; ananoriuno mis mocaigy Ne2 0,00029; ms nocmimy Ne3 0,00029; ms
nocmigy Ned 0,11628; mis mocmimy NeS 0,000001; mast mocmizy Ne6 0,00122;
st pocigy Ne7 0,06708; s mocmimy Ne8 0,02103; mist mocaimy Ne9 0,0024;
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s gocmigy NelO 0,01232; mns mocmimy Nell 0,0026; anms mocmimy Nel2
0,00012; ms nocnigy Nel3 0,0;ms nocmixy Nel4 0,0.

Jucriepcist anekBaTHOCTI
1 & -y 1
s2 = _ —_—(0,02016 + 0,00029 + 0,00029 +0,11628+
ad n-k-l;(y yu) 10
0,000001+ 0,00122+ 0,06708+ 0,02103+ 0,0024+ 0,01232+ 0,0026+ 0,00012)
=0,2438/10 = 0,02438.

13 1
$?==1"s%=-0,16=0,011428 MIla’.
N 14

Otxe, mpum gucrepcii  ageKBaTHOCTI Sgd = 0,02438; pmucmepcii
BiZITBOPIOBAHOCTI Sf, = 0,011428 poszpaxynkoBe 3Ha4eHHs kpurepito Dimepa

CTaHOBUTUME. [ =i= 0,02438 —213, AKMI MeHmmH Bif TabAUIHOTO
2 1l
, 0,011428

S
snauenns F(0,05; fy; f,) = 2,23, oTxke, poOMMO BHCHOBOK, IO PiBHSHHSA
perpecii agekBaTHe.

3a piBHSHHAM perpecii moOymoBaHi moBepxHi BiAryKy (puc. 2, 3, 4).

0,42

Puc. 2. 3anexHiCTh MIITHOCTI OCTOHY IIPU CTHCKY
BiJl BOJOIIEMEHTHOI'O CITiBBIIHOIICHHS Ta BMICTY IUTacTH(IKaTOpa
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Puc. 3. 3anexxHicTh MITHOCTI OETOHY TIPH CTHCKY
BiJl BMICTY IUTacTH(]IKaTOpa i 9acy IpomaproBaHHS

\

VL

\

|

T

w
©

\

w
@

!

0.42

Puc. 4. 3anexxHicTh MiITHOCTI OETOHY NPH CTHCKY
BiJl 4acy NPOIIapIOBaHHS Ta BOAOILIEMEHTHOTO CIiBBIIHOIICHHS

BucHoBku. JIoCTiKEHHS IMOKA3ajad, IO BBeIEHHs m00aBku Ilomirmmact
CII-3 no ckmapy cymimi B kijgbkocti 0,5...1,5% Bin mMacu neMeHTy 301blye
MilHicTh 6eToHy Ha 15-24%. Tlpu nonasanui [Tonimnmact CII-3 B kinbkocti 1%,
npu B/I] = 0,42 ta BurpuMyBaHHI HpoTsroM 10 roaWH y MpomaproBaibHIN
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Kamepi OyB OTpUMaHU# OeTOH, SIKWii 1oKa3aB y Bili 28 1i0 MIIHICTb IIPU CTHUCKY
49,3 MIla, o 6inpire Ha 37,7% y NOPIBHSHHI 3 KOHTPOJIBHUM CKJIAJ0M.
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VIK 625.7/8 DOI:10.36910/6775-2410-6208-2020-3(13)-08
BU3HAYEHHS MAKCUMAJIBHOI IIIIBHOCTI IPYHTY
DETERMINATION OF MAXIMUM SOIL DENSITY

Manacwok S1.1., k.T.H., 101., Bosipuyk B.A., k.T.H., gou., Tamax JL.O.,
K.T.H., 101., [Ipomiox B.O., K.T.H., cT. BUKJIaaay4 (JIlyubkuii HanioHaabHUM
TeXHIYHU# yHiBepcuTeT, M. JIyIbK)

Panasiuk Y.l., Ph.D. in Engineering, Associate Professor, Boyarchuk
B.A., Ph.D. in Engineering, Associate Professor, Talakh L.O., Ph.D. in
Engineering, Associate Professor, Protsiuk V.O., Ph.D. in Engineering,
Senior Lecturer (Lutsk National Technical University, Lutsk).

ExcnepumenmanbHo — 6USHAYEHO — MAKCUMAIbHY — WIIbHICMb — IPYHMY — npu
ONMUMATBHIL 801020CMI CIMAHOAPMHUM Memodom ma memoodom [Ipokmopa. IIposedero
NOPIGHSAHHS YUX Memodi8 npu 36e0enHi Oydisenb ma cnopyo.

Currently in Ukraine there is a normative document DSTU B B.2.1-12: 2009 Soils
Method of laboratory determination of maximum density. According to this standard, the
maximum soil density can be determined by 3 methods. The maximum soil density at
optimum humidity was experimentally determined by the standard method and the
Proctor method. A comparison of these methods for the construction of buildings and
structures. These methods are also used in the construction of roads.

When determining the maximum density at optimum humidity by the standard
method, the maximum density was 1.95 g/cm® and the optimum humidity was
12.13%.When determining the density of the Proctor, the maximum density was 1.89
glem®, and the optimum humidity is 8%.When determining the modified density
according to Proctor, the maximum density was 1.98 g / cm, and the optimum humidity
was 7.6%.

In the study of the modified Proctor density compared to the method determining
the Proctor density, the number layers increased to 5 at and the number of strokes per
layer to 59 at layer-by-layer compaction.

Due to the use method of determining the modified density by Proctor, it is possible
to obtain higher density values by 1.5% at lower humidity of 7.6% compared to the
standard method of determining the maximum density at optimal humidity. Compared to
the Proctor density method, the density is 4.8% higher and the humidity is 5% lower.
This will lead to better soil compaction in the construction of buildings and structures,
roads and airfields.

Comparison of different methods has shown the best advances in modern methods
of modified force for Proctor. This can be a much larger number of strokes with a larger
number layers when using and the existence of soil chips that were favorable.

The Proctor method proved to be more accurate in determining the maximum
density. When using the modified Proctor method, the density is the highest. Thanks to
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the use of a modified Proctor method it is possible to achieve better soil compaction in
construction.

Kniouoei crosa: winenicmo, epynm, memoo Ilpoxmopa, memoo cmanoapmuozo
VWINbHEHHS.
Keywords: density, soil, Proctor method, standard compaction method.

Ha nanwnit wac B Ykpaini aie HopmaruBuuii poxyment JACTY b B.2.1-
12:2009 [3]. 3rigHO MAHOTO CTAaHAAPTY MAaKCHMAIBHY MIJIBHICTH TPYHTY
MOXJIMBO BH3Ha4aTH 3 Meromamu. Ilepmmii MeTon CTaHIApPTHOTO YIIUTBHEHHS
3a monomoroto npunaxy COIO3JAOPHUU. Ins gpyroro Ta TpeThOrO METOXY
BH3HAYCHHS MaKCHMAJIBHOI HIITFHOCTI 3aCTOCOBYIOTh nipmitaf [Ipokropa YI'-O.

YV pasi Bu3Ha4YeHHS MIUTBHOCTI CTAHAAPTHUM METO/IOM 3Pa30K 3HAXOIUTHCS
B YMOBax OJHODIJHOTO HaIpPYXEHOI'O CTaHy Oe3 MOXIUBOCTI 3CYBHOI
nedopmariii 3 60KOBHM BHIIOpOM rpyHTY [1-2].

[Tpu BH3HAUEHHI ONTHMAIBHOI BOJIOTOCTI NMPU MAaKCUMAJbHIN LIUIBHOCTI
cranpaptHuM MerogoM Ha npuiani CIO3JIOPHUM  rpyHT TpamOyoTh
MOIIAPOBO 32 JIONIOMOI'0 BaHTaxy, sikuii mamae 3 Bucotd 300 mm. Kinbkicts
yIapiB MpU YIIUIBHCHHI 3arajoM moBuHHA ckianatd 120. O0’eM po3HIMHOTO
mutiagpa ckias 1000 em® puc. 1. B AKOCTi TpyHTY BHKOPHCTOBYBAJIH CYITICOK
MMaHUCTHH [6], XapaKTepHCTUKU SKOTO HaBemeHi B Tabmmmi 1. ITlepen
BUKOPHCTaHHSM TPYHT BHCYIIYBaJIM OO TMOCTiifHOI MacW MHpW TeMmmepaTypi
105+2°C ta MOIPpiOHIOBAIM IO YaCTHHOK PO3MipoM MeHmre 3a 5 MM [4]. Boma
BUKOpHCTOBYBanach 3riano 3 JICTY b B.2.7-273:2011 [7].

Tabmuus 1
I'panynomerpuunuii cknan rpysry, %
5....2 0,15
g .1 0,38
g 1....0,5 13,97
& 0,5....0,25 45,03
25 025..0, 28,61
~ 2 k0,1 12,00
OnTrMaibHa BOJIOTICTh IPH MaKCUMAaIBHIHM IIUTBHOCTI, % 7
MakcrMasbHa MIiJIBHICTH TPU ONTUMATbHIM BOJOTOCTI 2,169
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wHMNaL S 7 I'al By <

Puc. 1. BusHaueHHs MaKCUMaJIbHOT IIIHOCTI IIPH ONTHMATBbHIN
BOJIOTOCTI CTaHAaPTHAM METOIOM
Ilicns BunpoOyBaHHS MakCHMalibHA MIUIBHICTH cTaHOBMWIA 1,95 r/em’ pu
ontuMalbHi# Bostorocti 12,13 % (puc. 2).

I'padik BH3HAYEHHS MAKCHMAJIBHOI IMLTBHOCTI
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Puc. 2. Bu3HayeHHsT MAKCHMaJIbHOT IIIIHOCTI IPH ONTHMAJIBbHIN BOJIOTOCTI
CTaHAapPTHUM METOJIOM
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[Ipu Bu3HAYeHHI MITBHOCTI MeToAoM IIpoKTOpa BHKOPHCTOBYBAIM TOW
caMHMH TPYHT, IO W TOpH CTaHAApTHOMY Meroni. I'pyHT BuCyIIyBaiau Ta
NpOCiloBaJIM, SIK 1 TpPH HONeperHboMy MeToxi. Po3Mipu BunpoOyBanbHOTO
HWITiHpaA CTaHOBWIK: miamerp 150 MM, rimbOuna 125 mM. Po3mip Ta mamaroumii
BaHTaXX CTAHOBJISITH: JliaMeTp 75 MM, BaHTax Baroto 4,5 kr nazgae 3 Bucotu 450
MM. [Ipu naHomy Meronl 3AiHCHIOETHCS IMOLIAPOBE YIIIJIBHEHHS T'PYHTY B 3
apy, KUIBKICTh ynapiB Ha map craHoBuTh 22 (puc. 3). Ilpm ymineHeHHi
BpyYHY KODHCTYBAINCh BHMOTaMH HOPMATHBHOTO gOKymeHTy [9], mpwm
VIIiTBbHEHHI MIapiB BUKOPUCTOBYBANM yOApHUN TPUCTPI 3 HANPSIMHOIO
IITaHTOIO Ta MAJAl0YMM BaHTAXXEM yAapaMy Oe3nepepBHO 3 MEPIOANIHICTIO BiX
1,5 no 2,0 c. Yoapu Ha”HOCATH 32 3-4 IMKIIM, TOPKAIOUWCH KParo IIIIHIpA,
OXOIUTIOIOYH BCIO TIOBEPXHIO 3pa3Ka. 3aBISKU IIbOMY i 9ac yIIiIbHEHHS TPYHT
Ma€ MOXKJIMBICTh YTBOPIOBATH 3CYBHI HaIpy>KEHHS.

Haii6inbia winsHicts cranoBuia 1,89 r/cm® npu Bojorocti 8%. Lle Ha
7,18% MeHIle, HIXK NPU CTAaHIAPTHOMY MeTOAI yuiuibHeHHs. [Ipore BoJoTricTh
NpU  MakCUMajbHiM wmiibHOCTI 3MeHmmiach Ha 34,05% mopiBHSHO i3
cranpaptHuM MerogoM (puc 4). ToOTto, naHuil Meron NPHU3BOAUTH 10
HEJIOYIUILHEHHSI TPYHTY MOPIBHSHO i3 CTAHIAPTHAM METO/IOM YIIiIJIbHEHHSI.

1R | AT |
R ) AN ‘

Puc. 3. Busnauenns minbHOCTI MeToioM [Ipokropa
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1'pagik BH3HAYEHHA MAKCHMAJIBHOI IIIBHOCTI
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I[Ipn npanoMy JOCHIIKEHHI TOPIBHSHHO 3 TONEPEIHIM METOIOM
BU3HAYEHHS IIiNbHOCTI 3a IIpOKTOpOM pyr, 30ibIIMIACE KiIBKICTH LIApiB 10
I’ATH Ta KUIBKICTh yAapiB Ha map 10 59-TH NpH MOIMIApOBOMY YHIIJIbHEHHI.
3aBISIKM BHKOPUCTAHHIO METOAY BH3HA4YE€HHS MOAM(IKOBaHOI IIIJIBHOCTI 3a
[IpoxTopoM MOXJIMBO OTpUMAaTH OUTbIII 3HAa4YeHHs MiiIbHOCTI Ha 1,5% npu
MeHIIi# BoJOrocTi — 7,6% MOpIBHAHO i3 CTAaHOAPTHUM METOAOM BH3HAYCHHS
MaKCHMallbHOI IIUTFHOCTI TpPH ONTHMANbHIN Boiorocti. B mopiBHAHHI 3
METOJIOM BU3HAYEHHSI IIUIHbHOCTI 3a [IpOKTOpPOM IIINBHICTH € BHIIOO Ha 4,8%, a
BoJoricTh MeHIa Ha 5% lle mpu3Beae A0 KpaIioro ymiiyibHEHHS TPYHTIB HpH
OymiBHMITBI  OymiBemp  Ta  CHOpPYH,  aBTOMOOIMBHHX  Jopir  Ta
acponpoMiB.JIOpiBHSHHS TpPhOX METOMIB TOKA3aJ0 HaWKpalli MOKa3HUKA
I[JILHOCTI TP BUKOPUCTAHHI METOy BU3HAYCHHS MOIU(IKOBAHOI MIIIEHOCTI
3a [IpoktopoM. lle MOXNMBO 3aBISKM MiJBHIICHHIO KINBKOCTI yJaapiB Hpu
30UIBIIEHHI KIJIBKOCTI LIApiB IPH YIIUILHEHHI Ta 3aBISKH MOMIIMBOCTI 3pa3ka
IPYHTY YTBOPIOBAaTH 3CYBHI HalpyKECHHS.
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3ABE3INEYEHICTh YKPATHCBKOI'O PUHKY BYIIBEJBLHOI
TEXHIKHA BAHTAXKONIJIAOMHUM OBJIAJTHAHHSIM TA iOT'O
CEPBICHUM OBCJIYTOBYBAHHSM

PROVISION OF THE UKRAINIAN MARKET OF CONSTRUCTION
EQUIPMENT WITH LIFTING EQUIPMENT AND ITS SERVICE

Maxomok O.A., k.T.H., jgou., Yamwk O.C., k.1T.H., gou., (Jlyubkmii
HaliOHAJILHU# TexHiYHUi yHiBepcuTet, M. JIynbK)

Pakholiuk O., Ph.D. in Engineering, Associate Professor, Chapiuk O.,
Ph.D. in Engineering, Associate Professor, (Lutsk National Technical
University, Lutsk)

Jlocniosiceno numanms akmyanvHo2o pieHs OyoieenbHo20 sUpPOOHUYMEA 6 YKpaini,
YMOBU YCHIUWHO20 6e0eHHA 0y0igeNbHUX poOIim HA PISHOMAHIMHUX MAUOAHYUKAX MA
00°€Kmax ma 3HAYEHHA NPU YbOMY BAHMANCONIOUOMHOI mexHiku. IIpogedeno oensao
OCHOBHUX NOCMAYATLHUKIE MA CePBICHUX YeHmpie OYOieeNbHUX KpPAaHié NpOGIOHUX
C8imosuUx 6UPOOHUKIE, npucymuix na 6yodigenvromy punky Vkpainu. (Cmamms 0211006a)

In January-March 2020, Ukrainian enterprises performed construction works in
the amount of UAH 26,082.8 million. The index of construction products is 94.5%
compared to the corresponding period of 2019. New construction accounted for 46.7% of
the total output, capital and current repairs - 25.8%, reconstruction and technical re-
equipment - 27.5%.

This year's decline in the construction industry is, of course, due to the COVID-19
pandemic. However, even with a certain decline in volume, the number of works being
carried out is significant. It is quite natural that these works cannot be performed
without lifting equipment.

Construction machines, especially cranes, work in difficult conditions on a variety
of sites, foundations and objects. High quality and accuracy of work along with the
reliability, durability and maintainability of equipment will be crucial in choosing a
machine to perform a particular job. Therefore, extremely important points are the
ability to timely deliver the crane, which must meet the needs of the customer, timely
maintenance and overhaul, maintenance, quickly provide the necessary spare parts and
materials. Therefore, a developed network of service companies in Ukraine can be an
important factor in choosing both lifting and other equipment.

A review of the offers of cranes in the network showed about 5 thousand offers of
rent and sale of cranes. From this sample we can draw the following conclusions: with a
total of 150 manufacturers, more than 10-20 proposals are found from 33 manufacturers,
and more than 50 - only from 13 manufacturers of construction cranes. We will analyze
the offers and service from these manufacturers on the Ukrainian market of lifting
equipment.

The following conclusions can be drawn from the study:
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The construction market requires a significant number of lifting machines for various
purposes and characteristics. In Ukraine, there are a number of organizations with
significant experience in the sale, repair and maintenance of cranes, which act as official
dealers and certified service centers. On the territory of Ukraine construction equipment
of all leading world manufacturers is used. The offer of crane equipment manufacturers
completely covers the need of the construction market for high-quality lifting equipment
to perform from the simplest to the most difficult tasks. (Review article)

Kmouosi  cnosa:  6ydieenvna  indycmpis,  6yOigenbHi  MawiuHu,  KpPAaHu,
6AHMANCONIOUOMHA MeEXHIKA, OQIYitiHULL Ounep.

Keywords: construction industry, construction machines, cranes, lifting equipment,
official dealer.

Beryn. 3a pmamumm [epkxaBHOi ciaykOM cTatucTHKH YKpaiHu [1]
3HUKCHHS 00cCsriB OyaiBHUIITBa y OepesHi 2020 poky ckiano 12,8%.

IHaekcu 6yaisenbHOT npoayKuii
(y % Ao BignogigHoOro nepiogy nonepeaHbOro POKY, HAPOCTAKYMM NiACYMKOM)
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Puc. 1. Inmexcu OyniBenbHOT MpoAyKii

«3a ciuenp — Oepesenb 2020 poky miAnpuemMcTBaMu YKpaiHd BUKOHAHO
OyniBenbHHUX poOiT Ha cymy 26 082,8 muH rpH. IHAekc OyaiBenbHOT MPOAYKINiT
craHoBUTh 94,5% mopiBHSIHO 3 BignoBigaMM mepiogom 2019 poxy. Hose
OyniBHMLTBO ckiano 46,7% Bix 3aradbHOrO 00CATY BHPOOJIEHOI MPOAYKII,
KamiTalbHUH 1 MOTOYHMH peMoHTH — 25,8%, DPEKOHCTPYKLIS Ta TEXHIYHE
nepeocHamieHss — 27,5%» [2].

IMocranoBka mpoOJjieMH Ta 3agadi gociaimkeHHs. L[poropiunuii cmajg
OymiBebHOI iHAYCTpil MOB’ A3aHMH, 3BHUaiiHO, 3 manaemicro COVID-19. Onnak,
HaBiThb NPH TIEBHOMY CHajli 00csriB, 006’€MU poOiT, sSIKi BEAYThCS, € 3HAYHUMU.
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LlinkoM 3akOHOMIpHO, 1[I0 JaHl pOOOTH HEMOMKJIMBO BHKOHYBaTH 0e3
BaHTAKOITi JHOMHOT TEXHIKH.

BynisenbHi MalmmHM, a 0COOIMBO KpaHH, NPALIOIOTh Y CKIAJHUX YMOBax
Ha PI3HOMaHITHUX MalJJaHYMKaX, OCHOBax 1 00’ekTax. Bucoka sKicTb 1 TOUHICTh
BUKOHAHHS POOIT MOPYY i3 HAAIHHICTIO, TOBFOBIYHICTIO 1 pEMOHTONPHUAATHICTIO
TEXHIKH OyAyTh BUPIMIAIFHIMH y BUOOpI MAIIMHU ISl BUKOHAHHS KOHKPETHOT
pobotu. ToMy Ham3BHYAilHO BaXXJIMBHUMH MOMEHTaMH € MOXKJIMBICTH BYaCHO
JOCTaBUTH KpaH, SKMH MOBHHEH BiINOBIZaTH NOTpeOaM 3aMOBHHKA, BYACHO
MIPOXOAXUTH MOTOYHI 1 KaIliTanbHI pEMOHTH, TEXHIYHI 00CIyTOBYBAaHHS, IIBUIKO
3a0e3neunTH HEeOOXIMHUMH 3alacHUMH YacTHHAMH Ta Marepiamamu. Tomy
PO3BHMHEHA Mepeka CEepBICHHX IIANPHUEMCTB B YKpaiHi MOXE CTaTH BaroMHM
(haxTOpOM TIpU BHOOPI SIK BAHTAXKOII1 THOMHOT, TaK 1 IHIIOT TEXHIKH.

Ormsin mpomo3uilii KpaHiB y Mepexi [3] moka3aB OJH3BKO 5 THCSY
MPOMO3HUIIIA OpEHAN Ta MPOAAXY KpaHiB. I3 maHoi BHOIpKM MOXKHA 3pOOUTH
HACTYITHI BUCHOBKHM: IIPH 3arajibHii KiIbKOCTI BUpoOHMKIB 150 Oinmbmie 10-20
MPONO3uLii 3ycTpidaeMo Bing 33 BuUpoOHUKIB, a Oimbme 50 — mume Bixm 13
BHPOOHHUKIB OyIiBeNbHUX KpaHiB. [IpoaHai3yeMo pOMO3HIIil Ta CepBic Bi IUX
BHPOOHHUKIB Ha YKPATHCEKOMY PHHKY BaHTa KO THOMHOI TEXHIKH.

Ooimiitanm  gunmepom kommadii Grove (CILA/Himewumna) B VYkpaiHi
Bructymnae crBopeHa y 2003 p. Construction Machinery Ltd (CML). Bona mae
MEpPEXKY CEpBICHMX IEHTPIB MO BCid YKpaiHi, a TakoX MOOUIBHI CepBicHI
Opurau 1Jisl ONepaTUBHOTO pearyBaHHs Ha 3BEPHEHHSI.

OcnopHuii Bukian. «Kommnaniss Grove Oyna 3acHoBaHa B 1947 porii i €
OJIHUM 3 JIiZIepiB Y BUPOOHUIITBI MEPECYBHUX TiJpaBlIiuYHUX KpaHiB. BupoOHmui
noryxHocti posramosani B Lleiini I'poB (IlencinbBanis), Binbrensmcxaden
(Himeuuwnna) i Hiennma Tanmapa (Itamis). Komnanis Grove HaneXuTh J0 TPYIH
koMmmaHii Manitowoc Group, B SKy TaKOX BXOJUTh BHPOOHHK OAaIITOBUX
kpaniB Potaine, aBTokpaniB National Crane i ryceHHYHHX KpaHiB 3 rpaTdacToi
cTpinoro Manitowocy [4].

KommnaHiss mpomoHye TifpaBiidHi KpaHHW, SKi MOXKHA TOJUIATH HA [Bi
OCHOBHI I'PYITH: BCEJAOPOKHI KPaHH Ta KPAHH JUIS BAKKOJOCTYITHOT MiCIIEBOCTI.

Bceenopoxni kpanu Grove MapkyrThes sk GMK, marots Big 3 10 7 oceid,
BaHTaxxomiTHoMHICTb Bix 50 10 450 T i BUCYBHY cTpiny Big 51 mo 60 m.
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Puc. 2. Kpau GMK 7450 Puc. 3. Kpan GRT 8120

Kpanu nnst BaxkonoctynHoi MicreBocti Grove mapkyrorbes ik RT um
GRT. Ix Bantaxomniaitomuicts Bia 30 10 150 T i BUCYBHa CTpina Mae JOBKUHY
Bix 29 no 62,5 m.

Y 2004 p. 6yno cteopere T30B «tOpomariny 3 iIHO36MHUMH 1HBECTHIIISIMH.
BoHO € eKkCKIo3UBHMM IuiepoM B YKpaiHi KommaHii 3 BHpOOHHIITBA
oynisenpHol TexHiku Hitachi Construction Machinery Co. Ltd., o¢iuiiinum
munepoM B Ykpaini kommadiit BELL, TEREX FINLAY Ta iH.

Puc. 4. TonoBHuit odic i perioHanbHI mpeacraBHuTBA «FOpomar

Camoxiani Ha rycenrnuHoMy xojy kpanu Hitachi mapkyrotses sk SCX. Ix
BaHTAXXOMIJHOMHICTB Bix 55 1o 550 T i rpardacra cTpija Mae JOBXUHY Bix 43,5
1o 108,0 m.
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Puc. 5. Kpar SCX2800A-2

Y 2002 p. mig Ha3Bow «boOkeT-Ykpaina» Oyna 3acHOBaHA KOMIIaHis
«TexHomnaza VYkpaiHa». Ha cporomui BoHa € OQIIIHHUM IWIEPOM TaKHX
mpoBigHUX BHpOOHUKIB OyxmiBempHOi TexHikH sk TEREX, KATO (fAnownisn),
TELTOMAT (Himeuuuna).

TEREX COMEDIL e migposninom kopmopanii TEREX (CHIA). Bona
BHITyckae 47 wMozeneil OamToBUX KpaHIB (Vi1 BHCOTHOTO OYHiBHHUIITBA,
MaJIONIOBEPXOBOTr0 OyJIBHUIITBA) 1 KPaHH 3 MIIHOMHOIO CTPIJIOI0.

BamroBi kpaHu Terex BHIOTOBISIOTHCS B HACTYNHUX KOHCTPYKTHBHUX
BapiaHTax: CaMOMOHTOBaHI KpaHM, KpaHM Oe3 OrojoBKa, KpaHU i3
BPIBHOB2)KEHOIO CTPIJIOIO, & TAKOXK KPaHH 3 TiIHOMHOIO CTPIJIOH0.

Kpanu 6e3 oronoBka MarOTh MaKCHMaJIbHY BaHTaXOIIJHOMHICTh Bi 8 10
40 1 Ta moBXUHY cTpinu Bix 50 10 84 M.

Puc. 6. Kpau CTT 162-8 Puc. 7. Kpan SK 415-20

Kpamm i3  BpIBHOB@KEHOIO  CTPUIOI0  MAalOTh  MaKCHMAalbHY
BaHTaXomigioMHIcTh Bif 20 10 32 T Ta goBxHAY cTpinu 80 M.
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BamroBi kpanu 3 migiiomHo0 crpinoto cepii Terex CTL wmaroth
MaKCHUMaJIbHY BaHTaXOMAHOMHICTh Bix 10 10 66 T Ta HOBXUHY cTpinu Big 50
0 75 M.

Puc. 8. Kpan CTL 340-24 Puc. 9. Kpan CBR 32 PLUS

CamMomoHTOBaHI OamToBi kpanu Terex cepii CBR matoTs MmakcuMansHy
BaHTAXKOMITHOMHICTE Bif 1,6 10 4,4 T Ta noBXUHY cTpinu Big 21 mo 40 M.

BcroauxinHi cTpisioBi KpaHu Terex i3 TelecKoniuHo cTpijoto cepid RT
Ta TRT MaroTh MakcCUMalbHY BaHTaXOMIAHOMHICTE Big 35 10 90 T Ta TOBXKUHY
ctpinu Big 30 10 47 M.

Puc. 10. Kpan RT 1080L Puc. 11. Kpaun SR-700L

Kpanu mis BakkomoctynHoi miciieBocti KATO mapkyroTeest sik SR. Ix
BaHTaxxomiTHoMHICTh Bix 30 mo 70 T i BUCYBHA cTpiiia Mae JOBXKHUHY Bix 9 10
44,5 m.

Kpanu mns mict KATO mapkyrotses sixk CR. Ix BanTaskomigiiomMuicTs Bin
13 1o 25 T 1 BUCYBHA CTpina Ma€e JOBXKHHY Bif 5,3 10 29 M.
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Puc. 12. Kpan CR-250RV Puc. 13. Kpan NK-550VR

Astokpanu KATO mapkytotsest sk NK. Ix BamTaxomimxiiomMuicTs Bix 30 10
60 T i BUCYBHA cTpijia Mae MOBXKUHY Big 10,6 10 43 M.

I'ycennuni kpanu KATO mapkyrothest sk CCH. Ix BanTakomiaiomuicTs
Bix 55 no 300 T i rpaTUacTa cTpina Mae JOBXHHY Bif 15 10 67 M.

Puc. 14. Kpau CCH550-311 Puc. 15. Kpaun KA-1300RX

VuiBepcanshi kpaau KATO mapkyrotses sk KA. Ix BanTaxomnigiiomricTs
Bix 130 1o 300 T i BucyBHa cTpiia Mae qoBxuHy Bix 11,8 10 55 m.

Xongunroa kommanis Liebherr-International AG 0Oyna 3acHoBaHa Yy
1949p. o nei Bxonmats 130 xommaHii, M0 BUIYCKAIOTh OyIiBENbHY TEXHIKY,
KpaHH Ta CaMOCKHIW. BHPOOHMIITBO KpaHIiB CTAHOBHTH TPETHHY OXOIIB
Liebherr. V cBiti koMmaHis BiloMa TaKOX SIK BAPOOHHUK XOJOIMIHHOT TEXHIKH.
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Puc. 16. OdimiiiHi cepBicHi IeHTpH MOOITHHUX i TYCCHHIHHX KpaHiB Liebherr B
VYkpaini

[ignpuemcTBo 3 iHO3eMHUMH iHBecTHLiIMH Yy popmi TOB «Himemnske
iHAyCTpiaibHE MPEACTaBHUIITBOY» € odiriitanMm mapTHepoM Liebherr B YkpaiHi.
Bonn 3aiiMaroTbesl mpogaskeM TEXHIKH, @ TaKOXK CEPBICOM T'yCEHHWYHHX KpaHIiB
cepii LR Bantaxomniaiomuictio 10 300 T.

Ile omuum odinifinum naptHepom Liebherr B VYkpaini € TOB T/|
APMAJIA JITA. Bonu 3aiiMaroThCs NpOJaKeM Ta CepBicOM OallTOBUX
BEPXHBOIIOBOPOTHHX Ta IIBHJIKOMOHTOBAaHHMX KpPaHIB, T'YCEeHUYHUX KpaHIiB cepiit
LR Bantaxomigiomuictio monax 300 T i LTR, BCroauxigHuX KOPOTKOOA30BHX
kpaniB LRT, aBrokpaniB LTF 3 TenecKomivHOIO CTpPiIO0, KOMITAKTHUX
MoOinpHUX KpaHiB LTC, kpaniB LG 3 rpaTdacToro cTpiioro, MOOLTEHIX KpaHiB
LTM Ta cneniadbHAX KpaHiB.

3poOuMo HeBeNWKWH Orisa 0a30BUX BapiaHTiB kpaHiB Liebherr, ski
BHPI3HAIOTHCSA 0araToro MaiTPOrO CIIEIiali30BaHUX MAIIIHH.

HIBUAKOMOHTOBAHI KPAHU

Jana kateropist KpaHiB MO>Ke YCIIIIHO 3aCTOCOBYBATHCH /s OyiBHUIITBA
IHIUBITyanbHUX Ta OaratokBapTupHUX OynuHkiB. IIpm peamizanii HeBeIMKHX
iH}pacTPpyKTypHHUX IPOEKTiB BOHM TaKOX 3HAWIYTh CBOE 3acTOCYBaHHA. T00TO
OCHOBHa IX TIiepeBara — I MIBHAKEe 30upaHHA Ta OaraToBapiaHTHICThH
3aCTOCYBaHHSI.
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Cepist H

Cepiss TT Cepis K

e -
32H 56 K
MakcumanpHa
MakcumanpHa MakcnmanabpHa .. .
. . . . BaHTa)KOITI JHOMHICTD —
BaHTaXOIT JHOMHICTE — 4 T| BaHTaXOII JHOMHICTb — 4 T 457
9

Cepiss HM

MaxkcuMaibHa BaHTaXKOIMI JHOMHICTE — 2 | MakcuManbHa BaHTa O JHOMHICTE —

T 4T

BepxHbONOBOPOTHI KpaHu

3aBIsIKM  MOJIYJIBbHIN KOHCTPYKIii BEpXHBONOBOPOTHI KpaHu Liebherr
Yy/I0BO aJanTyIOThCs 10 OyAb-SKUX 1HAUBITyaIbHUX MTOTPEO 3aMOBHHKA.

Benuka BUCOTa 1 MIBUAKICTH MiTHOMY BAaHTaXy € CYTTEBOKO MEPEBArOl0 TAaKUX
KpaHiB.
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Cepiss EC-B

Cepist Heavy-Load HC

Cepist EC-H

LI
MakcnmainpHa MakcnmainpHa MakcnmanpHa
BaHTaXOIT JHOMHICTb — BAHTAXOIT JHOMHICTE — | BaHTa)KOIIIHOMHICTH
5...12T 6..50T —40...100 T
Cepis Luffing HC-L Cepist leppuk DR

200 DR 5/10 Litronic

MakcumajpHa
BaHTa)KOIM JHOMHICTE —
12..54 T

MaxkcumaibHa BaHTaXOIi JHOMHICTE — 10 T

Mobinbni kpanu Jjiniiiku LTM

MoOGinbHI kpaHu niHiikn LTM MaroTh mmaci ImiJBUIIEHOI MPOXiTHOCTI.
BoHu MOXYTh pyXaTHCh 110 JIOPOTax 3arajbHOT0 KOPUCTYBAaHHS i NepeciueHii

MiCIIEBOCTI.

BigsznauaroTscs

0E3MEKOIO,

E€KOHOMIYHICTIO 1

koMdopTOM.

TeneckomivyHi CTPiJIM MIBHIKO 1 JIETKO HAOMPAIOTh poOOYY BUCOTY.

LTM 1030-2.1

LTM 1055-3.2

LTM 1090-4.2
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2-ocHUH 3-ocHui 4-ocHuit
MakcumanpHa MakcnmanapHa MakcumaipHa
BaHTAXOIJHOMHICTE —  |BaHTaXOIIIHOMHICTh —  |BaHTaXKOMIIHOMHICTD —

35..40T 50...60 T 70...120 T

iy
X o B e

) - A 3
M= 'y Nmlis=a
. '3 A 7

N
2

LTM 1110-5.1 LTM 1300-6.2 LTM 1400-7.1
5-ocHwuit 6-ocHMit 7-ocHui
MakcumainbHa MakcumainbHa MakcumajbpHa
BAHTAXOMIAMOMHICTh —  |BaHTAXOIIAWOMHICT —  |BaHTAXKOMIAHOMHICTE —
300...350 T 400 T

Tunose mo3HayeHH:
kpan LTM 1230-5.1

1 - miHilKa TPOAYKIT
230 —

BaHTa)KOIT JHOMHICTB, T
5 — xUIIBKiCTE OCel

1 — Bepcis kpaHa

LTM 1650-8.1 LTM 1750-9.1
8-ocHuit 9-ocHui
MakcumanbHa MaxkcumainbHa
BAHTAXOINJAOMHICTE —  |BaHTAXKOIII JHOMHICTE —
450...700 T 800...1200 T

Maanoradaputni kpanu LTC
JlaHuii THIT KpaHIB 3 OIJISILY HA OCOONMBOCTI KOHCTPYKIIT MIAXOIUTh ISt
MiAHOMHHUX POOIT B YMOBax 0OMEXKEHOro mpocTopy (IijbHa MichbKa 3a0ymoBa,
MIPOMHCIIOBI IieXu). BapiaTWBHA KOHIEMINSI KEPYBAaHHS JJO03BOJIAE IIBUIAKO
JIOJIaTH CKJIAJHI MEPEIIKO M, B T.9. 1 T 9ac pyxy.

Puc. 17. Kpan LTC 1050-3.1 Puc. 18. Kpan LTF 1060-4.1
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ABTOMOOLIBHI Teseckoniuni kpanu Liebherr LTF
Briepie Ha maci BAHTaXXHOTO aBTOMOOLIISI TENECKOIIYHUN CTPIJIOBUH KpaH
OyB 3moHTOBaHmil y 1979 p. Ilg rpyma uymoBo 3apekoMeHIyBana cebe mpu
HEOOX1THOCTI KOPOTKOYACHUX MiAHOMIB 3 MOCTIHUMHU nepecyBaHHAMH. Hu3bki
eKCIUTyaTalliiiHi BUTpaTH 3a pPaxXyHOK BUKOPHCTAHHS CTaHJapTHUX IIaci
BaHTAKHUX aBTOMOOLIIB CIPUSIOTH ITUPOKOMY BUKOPHUCTAHHIO KPaHiB.

Bceroanxinni kpanu LRT
BcroauxiqHi KpaHu MaroTh BHCOKY HaIiHHICTB 1 moTyxHicTh. JJoOpe cede
3apEKOMEHIYBAIIN TIPH POOOTI B yMOBaX 0€3T0PINIKSL.
HaBite y cTaHmapTHiIH KOMIUIEKTAIlii Ii KpaHW OOJaJHAHI CHCTEMOIO
MOHITOPHHTY ayTpHUTepiB (BHHOCHHUX OIOp). 3aCTOCYBaHHS BHHOCHHX OIIOp
30LTBITYyE CTIHKICTB, @ OTKE, 1 BAHTAXKOTI1 THOMHICTh KpaHa.

Puc. 19. Kpan LRT 1100-2.1

Mobinbni kpanu Liebherr LG 3 rpaTuacroi cTpiioro
Bucoka MOOUTBHICTE pa3oM i3 3HAYHOI BAaHTAXKOIIIHOMHICTIO T03BOJISE
BUKOHYBaTH PI3HOMaHITHI CKJIaIHI 3aja4i B PI3HUX JOPOXKHIX yMmoBax 0Oe3
3aCTOCYBAaHHS CTOPOHHIX TPAHCHIOPTHHX 3aCO0iB.

iy

Puc. 20. Kpau LG 1750
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I'ycennuHi kpaHu

I'ycennuni kpanu LR mpusHaveHi ans OyniBHUITBA MOCTIB, PO3MIMPECHHS
MOPTiB, AaepONOPTIB, 3aJi3HHLb, CHOPY/XKEHHS MiJ3eMHUX TPAHCIOPTHHUX
CUCTEM, 3BEJICHHS 3aJI3HMYHHMX BOK3aJIiB. ['yCEHWYHI KpaHM Ui BUCOTHOT'O
OyniBHHLTBA Ta 1HOPACTPYKTYPHHUX OO0'€KTIB MAlOTh BaHTaXKOIIAHOMHICTB BiJ
110 mo 3000 T.

LR 13000 € HAWOOTY>XHIIIAM Y CBiTi TYCEHHYHHM KpPaHOM TPaJWIIIHOT
KoHCTpYKIii. OCHOBHE 3aCTOCYBAaHHS - OyJiBHUIITBO €IEKTPOCTAHIIIMH.

0)

Puc. 21. I'ycennuni kparau LR 1110 (a) ra LR 13000 (6)

I'ycennuni kpanu cepii LTR moexnytoTs B cobi mepeBarn BCIOJUXITHUX 1
IYCEHMYHMX. IX MO’KHa BHKOPHCTOBYBAaTH Ha Oyib-skoMy Maiinamumky. Ha
BiZIMiHY Biz KoJicHuX kpaHiB, LTR Moxe nepemimarucs 3 BaHTa)XeM Ha raKy.

Kpanu wmaroTh Jyxe KoMOakTHI posmipu. Ha wMaiinaHuuky micns

TPAaHCIIOPTYBaHHSI HU3bKOPAMHUM TpPEHJIEPOM MOXYTh 30MpaTHUCh METOIIOM

camomoHTaxy. lllaci Mae 3MiHHY IIMpUHY Koudii, M0 3a0e3nedyerbes 3

JIOTIOMOTOI0 Ti/IpaBIivyHOTO MPUBOAY HABITH y 310paHOMY CTaHi.
BanTa)xomiIioMHICTh KpaHiB ckiaaae Big 60 mo 220 T.
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Puc. 22. I'ycennunnii kpan LTR 1220

Ob6nagHanas ¢ipmu Liebherr peami3yrote Takox iHm opraizarmii. Tak,
nanpukian, kommnaniss BYITEXHIKA KPAH BOP 3aiimaeThcsi mOCTavyaHHIM
KpaHiB, KOMIUICKTYIOUMX Ta €JIEKTPOoOOJaJHaHHs 10 OAIITOBUX KpPaHIB TaKHX
BrupoOHuKiB sk LIEBHERR, POTAIN, SAEZ Ta iH.

BucHoBku

1. ByniBenbHUIl pUHOK MOTpedye 3HAYHOI KIJIBKOCTI IiJHOMHUX MallvH
PI3HOTO NPU3HAYCHHS TA XapaKTEPHUCTHK.

2. B VYkpaini € psgn opraizamiii 31 3HAYHUM [OCBIOM 3 MPOAAXKY,
PEMOHTY Ta CEpBICHOTO OOCIYrOBYBaHHS KpaHiB, sKi BHCTYNAIOTh y pOIi
OoQIIfHIX AUIepiB Ta CepTUPIKOBAHUX CEPBICHUX LIEHTPIB.

3. Ha Ttepuropii VYkpaiHm 3acToCOBYeThCS OyaiBeNbHAa TEXHiKa YCix
MPOBITHUX CBITOBUX BUPOOHUKIB.

4. Tlpomo3uuisi BUPOOHHMKIB  KpaHOBOrO  OOJIQJIHAHHS  MOBHICTIO
nepeKkpuBae motpedy OYIAiBEILHOIO PHHKY Y SAKICHIN MiIAOMHIN TEXHIili it
BHUKOHAHHS B/l HAWIIPOCTIIMX /10 HAWCKIJIA/IHIIINX 3a/1a4.
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3ACTOCYBAHH:I ITIONEPEIHBOI'O HAIIPYIKEHHSI 1JI51
HNIABUIEHHSA )KOPCTKOCTI TA CTIMKOCTI CIIOPYHN

APPLICATION OF PRESTRESSING FOR INCREASING STIFFNESS
AND SUSTAINABILITY OF STRUCTURES

Mnaxorumii I'.H., k.T.H., 1p0ou., (Onmecbka [ep:kaBHA aKajeMis
OyniBuuuTBa Ta apxitexktypmu), Yepuea O.C., k.T.H., gou. (Oxpecbka
JepKaBHA aKaJaeMisi Gy JiBHHUTBA Ta apXiTekTypH, M. Oneca)

Plahotny H.N., Ph.D. in Engineering, Associate Professor, (Odesa
State Academy of Civil Engineering and Architecture), Chernieva O.S.,
Ph.D. in Engineering, Associate Professor, (Odesa State Academy of Civil
Engineering and Architecture, Odesa)

B cmammi nionimatomocsa numanHa 3aCMOCY8AHHA NONEPEOHbOZO HANPYIHCEHHS
071 30IIbUEHHS HCOPCMKOCTE MA CMIUKOCMI 3a1i300eMOHHUX ma Memanesux cnopyo. B
AKOCMI NPUKNaoie GUKOPUCHOBYEMbCA BAACHUIL 00CGI0 aA8mopa npu  1aumyeaHHi
Ce2MeHmHUX Memanesux @epm nponvomom 84m i3 3acmocy8anHAM NOnepeoHbO20
Hanpysicents npu OyOieHUYmMEI aneapy y M. Aimamu, a maxoxc 0OuH 3 HAUACKPAGIUUX
npuKnadie niocunenHs Cnopyo nonepeoHim Hanpyxcennam — OCmanKincbka menegeica.

The article analyzes the application of prestress to increase the stiffness and
sustainability of reinforced concrete and metal structures using the following examples:
the construction of the Ostankino TV tower in Moscow and the construction of the
hangar in Almaty, using segmented metal trusses with a span of 84.0 m

The load on the circular foundation of the Ostankino television tower is transmitted
through ten separate inclined supports. In this case, not only horizontal inclined forces
arise, but also the forces caused by temperature effects from uneven solar heating of the
tower’s aboveground trunk. During the construction of the tower, vertical cracks
appeared in the body of its foundation.

It was decided to strengthen the previously erected foundation by creating a
prestressed reinforced concrete cage to apply compression on all ten supports. To
increase reliability and durability, the cross-section of the foundation was increased in
width by 1.5m and in height by 2.25m. Bundles of prestressed reinforcement were laid in
the channels of all the 10 supports. Each bundle consists of 24 steel wires each having a
diameter of 5mm.

To prevent the appearance of horizontal cracks in the reinforced concrete trunk, it
was proposed to create preliminary compression on concrete with 180 prestress strands
having a tensile force of 12 tons. As a result of the fire in the year 2000, 80% of the
prestressed strands sagged on the brackets. Presently, the tower stands fully restored.

The second subject of research is the use of prestressed metal structures
(segmented trusses). The trusses were initially arranged on a horizontal rack. This
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structural design resulted in additional deformations of the individual elements. Upon
application of the very first load while tightening one side of the truss, the entire truss
buckled against the load and collapsed completely, as a result of the eccentricity.

To overcome this defect, the structural design was modified. While the manufacture
of the subsequent trusses was also carried out in the horizontal position, the tightening
tension was applied in the vertical position on either side of the trusses. In this case, the
friction caused between the bundles and channels of the lower chord with connecting
strips was avoided. In all, 24 trusses were constructed.

This demonstrates the fact that the use of prestressed high-strength metals in
construction can increase the rigidity and sustainability of structures, while ensuring
economic viability at the same time!

Kniouoei  cnosa: niocunenns, nyuku NONEPeOHbLO HANPYICEHOT apmamypu,
meineeseaxca, cecmerHmHa d)epMa.

Keywords:  strengthening, bundles of prestressed reinforcement, TV tower,
segmental truss.

CTBOpeHHsT  IONEPEeJHBOTO  HANMpPY)KEHHS  3aBXIU  MOB's3aHe 3
BUHHMKHEHHSIM MOYaTKOBOI jAedopmarliii, 3BOpOTHOI 1o 3HaKy aedopmarii Bix
HaBaHTaeHHs. [lpm  nil  ekcruryaTaliiiHOro HaBaHTaXXEHHsS  CIIOYaTKY
BUOUPAIOTHCS MMOYATKOBI AedopMallii, a JIMIe NOTIM KOHCTPYKLIl HOYWHAIOTh
nedopmyBatucs, B OCHOBHOMY, B CBOEMY HAIIPSMKY.

3acTocyBaHHS TONEPEIHBOIO HANpPY)XEHHS B KOHCTPYKLISAX OyamiBenb i
CHOpPYZ TPH3BOAWTH JO ICTOTHOTO 3HIDKCHHS BHTpAaTH MaTepiady 1 a0
30UTBIICHHS X dKOPCTKOCTI 1 CTIHKOCTI.

Metoro maHoi cTarTi € aHami3  PaliOHAJBHOTO BHUKOPUCTAHHS
TIoTIepeIHhO-HAIIPYKEHNX KaHATHUX TPOCIB MpH 3BeAeHHI OCTaHKIHCHKOT
TeseBe)ki B M. MOCKBa, a TaKOX 3aCTOCYBaHHS ITyYKOBOi BHCOKOMIITHOI
apMarypH JUisi 3BeJIeHHS CETMEHTHHMX MeTajeBux depM npoiboTom 84.0M mpu
OyniBHHULITBI aHrapa B M AJIMaTH.

OnHUM 3 HaMsACKpaBilIMX TNPHUKIANIB B icTopil OyAiBHHIITBA, KOJIH
3aCTOCYBaHHS MOMNEPEJHHOr0 HANpPYXXEHHsI HE TUIbKH BPATYBaJO KOHCTPYKIIIO
BiJl OJAJIBIIOTO AehOPMyBaHHs, a i JO3BOJIMIO CTBOPUTH CIIOPY/Y Ha TOU 4ac
pexkopaHoi BHCOTH, Oe3ymoBHO, € OcraHkiHcbka TeneBexa (H=540m),
HaBaHTAKEHHS Ha KUTbLEBIH (yHIAMEHT SKOi IepelaeThCsl depe3 JEecsTh
OKpeMHX NOXwimx onop. [Ipym mpoMy BHHHMKAIOTh HE TUIBKH TOPHU30HTAJIbHI
MOXWJI 3yCHJUISl, ajie 1 3yCHIUIs, BUKJIMKaHI TEMIIEPaTypHUMH BIUIMBAaMH BiJ
HEpIBHOMIPHOTO COHSYHOTO HarpiBy HaJ3eMHOro crtoBOypa Bexi. [lpm
BUKpPHBJIEHHI CTOBOYpa B HOTO TiJli BUHUKAIOThH 3rMHAIbLHI MOMEHTH. BHacinok
CHUIBHOT NIl mepepaxoBaHWX BHINE 3YCHIb (BEIMYMHA SKUX B IIEPBHHHOMY
poeKTi Oysia HeoOoIiHeHa), B TIpotieci OyAiBHUIITBA BEXi B Tifi 11 GyHIaMEHTY
3'SBHIINCS. BEPTHUKAJIbHI TPILIIHH.

Ilicns nmoBrux mUCKyciit Oyino UPUHHATO pIMICHHA MOCHINTH paHiIIe
3Be/IeHNH (yHIAMEHT Ha NMPHUPOJHINA OCHOBI IUIIXOM CTBOPEHHS IOIEPEIHBO

87



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

HaIpy»XeHoi 3aJ1i300eTOHHOI 000HMU 3 OOTHCHEHHSM BCiX JIecATH rpaHeid. Jlis
ITiIBUILEHHS HaITHOCTI 1 TOBrOBIYHOCTI Tepepi3 pyHIaMeHTy Oyio 301IbIeHO
B mupuHy Ha 1.5M i B BucoTy Ha 2.25M. B o00oiimi ymupeHoi wacTuHU
(byHAaMeHTY AJsl YKJIaJaHHS MYYKiB MONEPEJHBO HAINPYKEHOT apMaTypu Oynu
nepen0avyeHi rOpu30HTANIBHI KaHaIM, BUKOHAHI 31 cTaneBux Tpyo @70mMm.

B kananu Bcix 10 rpaneit Oynu ykiazieHi Iydkd NOMEPEIHbO HANpPyKeHOT
apmarypu. KoxxeH mnydok yTBopeHMid 3 24 cranmeBHX JIpoTiB O5MM 3
po3paxyHKoBUM omopoM R = 1700krc/cm?. Ilyukn BkIaganucs B KaHaIH
nonapso. Beboro 1o nepumerpy dyHnamenty 6yiio 3akiaaeno 1040 myuxkis. Ix
KiHII 3aKpilUTIOBalM B OJHOMY KaHami 3 JOMOMOTOIO aHKEpiB, Ui
BUTOTOBJICHHS SIKMX BUKOPHCTOBYBAIIHCS KOJIBOPOBI MeTan (LIUHK, CBUHELID).

Hatsar nyuxiB npoBoamBcs Aomkpatamu monBiiHOi mii. Ilomepemne
Hamlpy>KeHHS KiJbIleBoI 000MMH CTBOpWIO B (YHIAMEHTI ITOYATKOBE
o0TUCHEHHS cuior0 5930TcC.

Pawnimie s ycyHeHHs BUHUKIIOL leopMarii OyB 3aIipOIIOHOBAHUI TaKOX
BapiaHT MpUOYAOBH CTaJeBOI IIMYHTOBOI CTIHKM Ha TiauOuHY 20M, mpoTe mpu
LOMY IPYHT OCHOBH ()yHJaMEHTIB BEXi BHSBUBCS O B 3aMKHYTOMY LIMJIIHAPI,
IO Mpu3Belo O JO BENMKHX OCiaHb, TaK K KOE(DILIEHT IONepeuHOro
PO3LIMPEHHS Y CTaBaB OJIM3BbKKUM JI0 HYJISL, B 3B'3KY 3 IIMM, B ITPOLIEC] TUCKYCIH,
el BapiaHT NOCHIICHHS OYB BiIXWUICHUI.

Jus 3amoOiraHHs TOSBH TOPH3OHTANBHUX TPIIIMH, B 3a71i300€TOHHOMY
cTOBOYpi OyI0 3aIpONOHOBAHO CTBOPUTH IIOTIEpEeIHE OOTHCHEHHS OeToHY. Take
oOTucHeHHs 3a0e3nedyBanocs 180 cTameBUMM KaHaTaMH 3 3yCHIUIAM HATATY
12Tc. HampyxyBaHi KaHaTHI eJeMEHTH OYJHM 3alpPOCKTOBaHI BIIKPUTHMH i
pO3TaIioBaHi BCepeArHI CTOBOYpa BEXi, IO T03BOJIUIO TIOBTOPHO MiATATYBATH,
a Ipu HeOOXIHOCTI 3aMIHUTH KaHATH.

Jnst 3akpimsieHHs BepXHiX KiHIB KaHATHOI apMaTypu IepeadadeHi
KiJIbLIeBl KOHCOJIBHI Aiaparmu. KaHaTy micis iX HATATY KpilMIKCs JI0 CTIHU 32
JIOIIOMOT'0I0 3aKJIQIHUX JeTaliei, BCTAHOBJICHUX 4epe3 KoxHi 7.0M 1o BHCOTI.
Jyis 3abe3mneyeH s CIiIbHOT po0OTH 3 3ai300€TOHHOI 000JIOHKOK CTOBOYpa,
3aKJIaJiHI JeTali, BATOTOBJICHI i3 CTaJeBOi MITaOW, 3aMOHOJIYTYBAIM B CTiHI MiJ
yac ii OeroHyBaHHs. KoXeH KaHAT miciis HaTATY MIATATYBajdW TBUHTAMHM Ha
Bincrani 80-100MM Big BHYTpIOIHROI TOBEPXHI CTOBOypa 1 3aKpiluTioBaA
xoMyTamu. Ha KibIieBUX KOHCONBHUX Aiadyparmax ankepmd o 10-12 kaHaTis,
a 3 BigM. + 270mM o 20-30 xaHaTiB.

Ha camomy Bepxy 3ami3o0eroHHOro crtoBOypa (BizM. +385.5M)
po3TanioBaHa KijblieBa aiadparma, TOBIIHHOIO 1.5M, sika cipuiiMae 3yCHIUIS Bij
59 xaHaTiB, a TAKOX BiJl CTaJIeBUX aHTEeH, BucoToro 148m [1].

B pesynbrati moxexi B cepmai 2000 p Tineku 20% kaHatiB epeOyBaiu B
HATSTHYTOMY CTaHi i BUKOHYBaJIH CBOIO (DYHKIIIIO 3a MpoeKToM, a 80% KaHaTiB
MIPOBUCHYNIN Ha (¢ikcaTopax, NPUETHAHUX [0 3aTi300€TOHHOI OOOJOHKH.
[pubmmznao 10% 1ux KaHATIB May OOPHB APOTIB, IO BXOISTH 10 11 ckiany. B
KaHaTaX, sKi rmepeOyBayii Oe3rocepesHb0 B 30HI ITOKEXKi, 3aXMCHE MAaCTHIIO
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MIPaKTUYHO OYJI0 BiJICYTHE, a caMi BOHH MOJAIBIIIH eKCITTyaTallii He iJIarain.
Ha manuiit MOMEHT CTaH BEXIi MOBHICTIO BiTHOBJIEHO [2].

ABTOp crarTi Oe3nocepeHbO0 OpaB y4acTbh NPH BIAIITyBaHHI CETMEHTHUX
MeTaleBuX (epM MPOoILOTOM 84M 3 3aCTOCYBAHHSM ITONEPEAHBOTO HAIPYKESHHS
npu OyJIBHUITBI aHrapa B M. AJMary.

Oco0MBICTh MONEPETHHO HANPYKEHUX METAICBUX KOHCTPYKILIH monsrae
B TOMY, 1110 B TIPOIECI BUTOTOBJICHHS 1 MOHTa)XXy B HaIlpy)KEHHUX MEpeTHHaX abo
CTPIDKHSIX INTYYHO CTBOPIOIOTHCS BIACHI HANpPYTH, MPOTHIEKHI 3a 3HAKOM
Hanpy>KeHHAM BiJl pO3paxyHKOBOTO HABAHTAXCHHSL.

IcHy!OTH B OCHOBHOMY TpU BHUIAM MONEPEIHLOrO Hampy:KeHHs. [lepriuii
BUJI TIOTIEPEAHBOTO HANpPY)KEHHA BHUKOPHCTOBYETHCA B KOHCTPYKIISIX, HATST
€IIEMEHTIB SKUX CTBOPIOETHCS HATSDKHUME TPUCTPOsiIMHA. EKOHOMIst MaTtepiary
JOCSTa€ThCA B PE3yIbTaTi 3aCTOCYBAHHS BUCOKOMIIIHOI CTali B HAIPy>KyBaHOMY
€JIEMEHTI.

Oco0J1MBO BaXJIMBOIO B TaKMX KOHCTPYKILISX € MOXJIMBICTh IITYYHOTO
pEryJIloBaHHS 3yCWJIb y BUTIAHOMY 3 TOYKH 30pY 3HIDKCHHS BarW HampsMKYy.
[HXeHep-KOHCTPYKTOP, KOPUCTYIOUHCH LM MPHHIMIIOM, OTPUMYE MOXKIMBICTb
AKTHBHO BTPYYaTUCS B TPy CHJI 3 METOK INEPEepO3MOALTYy 3YCHIb B OKPEMHX
eJIeMEHTax.

Jpyruii BHI TOINEPENHBOTO HANPYKEHHS IOJIATAE B BHIO3MiHI EITIOp
Hanpyru. lle moxe OyTtm 3poOieHO TMONEepeqHIM BHUTHHOM CIIEMEHTa 1
3aKpiIUIEHHSM HOTO B TakoMy MoJiokeHHI. OTprMaHa emfopa MOMEHTIB, pa3oM
31 3BOPOTHOIO 3a 3HAKOM CMIOPOI0 BiJ EKCIUTyaTalifHOTO HaBaHTA)KCHHS,
JO3BOJISIE OTPUMATH HAWOLTBII BHTiNHI 3TWHANBHI MOMEHTH 1 3a0€3MEeYUTH
3MEHILIEHHS TIepepi3y eneMeHTa.

I ocTaHHE: MOXKIIMBO CTBOPIOBATH MOTIEPE/IHE HATIPYKEHHSI PETyIIOBaHHIM
eMIop 3TUHAIOYMX MOMEHTIB UUISIXOM TigiloMy a0o OIycKaHHS —OIop,
JIOMaralo4rch ONTUMAJIBHOTO OOpHCy 3arajibHOi emropu MoMeHTiB. Llum ke
NPUIIOMOM 3/1aBHa KOPUCTYIOTHCSI TPH INPOEKTYBaHHI HEPO3PI3HUX OaloK B
PI3HUX CHIOpYyAax.

[NonepenHe Hanpy>X€HHS MOXKE 3aCTOCOBYBATHCA 1 B THX BHITAJIKaX, KOJIH
HEOOXITHO TIJBUIIHUTH JKOPCTKICTh KOHCTPYKIii a00 3HU3UTH BEIHYHMHH
3HAKO3MIHHHX 3yCHJIb 3 METOFO IiIBUIICHHS BTOMHOI MIITHOCTI.

O0'ektn 1 Meroam Jociail:keHHsi. BHrotoBieHHs nonepeaHbO
HanpyxeHux ¢epm npoaborom 84,0 M (24-cerMeHTHUX (epM) BUKOHYBAJIOCS
npu OyniBHMITBI aHrapa B M.AnMmaru (Kazaxcran) i M Konaxpi (I'Binest) (puc.
1).

ITonepenubo HampyXeHa 3aTsHKKa pO3TAlIOBaHA B HWKHBOMY IOSIC
¢depMu, mO Mae TMEPeTHH 3 JBOX IIBEJIEPiB 3 PO3TANIOBAHMMH BCEpEAMHI
MEPEeTHHY YOTHpPMa IMyYKaMH BHCOKOMIIHOTO ApoTy (mo 24 apotu @5 MM B
KOXKHOMY NyduKy). HampyxeHHs 3aTsDKKM BHKOHYBAJIOCS —JIOMKpaTamu
MOJBIHHOI 11iT 3 ABOX omop ¢epmu. [IpuknagaHHs HaBaHTAXXEHHS TPOBOJIMIIOCS
y wotupu eramu: I — 500 kH, IT — 400 xH, IIT — 300 xH, IV — 200 kH. 3aramsHe
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HaBaHTAXKCHHS Ha HWXKHIM nosic dpepmu — 1400 kH. Ha oqun myuok apory (24
CTPUKHA) 3arajbHe HaBaHTaxkeHHs ckiano 350 kH. /o oxHOro Apoty B myuky
Oyno mpuxiazeHe HaBaHTaxkeHHs 14,5 kH. Ilnoma nepetnHy OmHOTO ApOTY
A=0,2 cM?. Benuunna HaIpyry Ha OJMH JPIT CKJlaaaja 125kr/cM.

Puc. 1. ®orodikcamis nmpu OyAiBHUITBI aHTapa
B M. Anmatu (Kazaxctan)

B rmpoueci mnpuKkianaHHs HaBaHTKEHHS B 3aTSDKII  BiIOyBaeThbes
BepTHKaJbHA eopMallis GepMH.

Ilepuia depma Oyna BlAlITOBaHA HAa TOPH3OHTAIBHOMY cTenaxi. [lpu
TOPU30HTAJILHOMY IIOJIOXKEHHI (epM okpeMmi T eleMEeHTH OTpHUMalu J0JATKOBI
nedopmarii Bix BuacHoi mii. [Ipu mpukiagaHHI MepIIoro eTamy HaBaHTAKCHHS
0 3aTSDKKH 3 OgHOTO OOKy (epMu, cramocs pyHHYBaHHS Bciel ¢epmu B
pe3yNbTaTi BAHUKIIOTO €KCIIEHTPHCHUTETY.

BuroToBnenHs HacTynHHX (epM HpoBOAWIIOCS B TOPH30HTAIEHOMY
TIOJIOKEHHI, @ HATAT 3aTSDKKU - y BEPTHUKAJIBLHOMY TIOJIOKEHHI 3 JIBOX CTOpPiH
¢depm. Bukirouanocst TepTs IMyUKiB i MIBEJIEPiB HIPKHBOTO TOSICY 3 CIIOIYYHUMH
mwankamu. byio 3i0pano 24 depmu.

BuroroBiieHHs 3aTSKOK. [IpiT HAAXOMUB Ha 30UpaJbHUN MalTaHYHK B
OyxTax, Hapi3Ka IMPOBOAMIACS Ha NIPAaBUIILHO-BIIPI3HOMY BEpCTaTi.

VY 3B'S3Ky 3 THM, L0 aHKEPyBaHHsS 3aTsHKKH BUKOHYBAJIOCS aHKEPOM
«KOJIOJIKA 3 MPOOKOI0» HATSHKHUM JIOMKPATOM 3 JIBOX CTOPIH (epM, NOBXKHHA
3arOTOBKH JJPOTY CKJIAJA!

L>1+ 2l; + 30cwm, 1)

Je L - 3aranpHa JOBXXHHA 3aTOTOBKH;

| - BiicTaHp MiX ymopaMu KOHCTPYKLIT, 110 CIIPUYUHSIE HATSIT;

I; - BigcTaHp Bi TOPIS OMOPHOI TOJIIBKM JOMKparta J0 33aAHbOI CTOPOHH
KJIMHOBOT 000HMH.
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ITy4uKku CyLUiNBHOTO MEPETHHY KOMIIOHYBAINCS 33 JOMOMOTOK THMYACOBHX
3aTHCKaviB 1 CKPIIUTIOBAIKMCSA CKPYTKaMu 3 obOmnaneHoro npoty udepe3 80 - 100
CM.

Jnst BAMIpIOBaHHS 3yCHIIb B CTEPIKHSAX 3aCTOCOBYBAIHCS THHAMOMETPHYHI
cKo0m.

BucHoBkn

1. 3acTocyBaHHS MONEPEIHBO HATPYKEHHUX EJIEMEHTIB B KOHCTPYKIIISX 3a
JOIIOMOTOI0 TOPU30HTAIBHAX OOTHCKHHUX KAaHATIB JAa€ MOIINUBICTB!

- MEXaHI3yBaTH BUTOTOBJICHHS KAHATHUX apMaTypHUX CJICMEHTIB;

- BUKJIIOYMTH HAarpiB MeTaly KaHarta 0 BUCOKHX TEMIIEpaTyp;

- M JBUIIUTH IPOAYKTUBHICTH TpaIli;

- CHIPOCTUTH PO3MILICHHS aHKEPIB HA OIIOPHUX IUIOIIMHAX 3aJi300€TOHHHUX
niadparm, abo onop, Tax sk radapuTH TiIb30KINHOBHX aHKEPIB BHSBJISIOTHCS B
2 pa3u MEHIlIe, H)K rabapuTH «3aJMBHUX» aHKEPIB;

- BUKJIIOYMTH BUTPATH KOJIbOPOBUX METaIIIB (LIMHKY, CBHHIIIO).

2. 3acTocyBaHHs IMONEPEIHHOTO HANPYKEHHs BUCOKOMIIIHUX METaJiB B
OyIiBHHLTBI J103BOJISIE 30LIBLINTH XKOPCTKICTB 1 CTIMKICTh CIOPYA, NPU LILOMY
3abe3rneuye NeBHUH eKOHOMIUHUH eeKT.
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A0 NPOBJIEMH YTOUHEHHS PIBHSHb ITUHAMIKH
OPTOTPOIHUX OBOJIOHOK I3 YPAXYBAHHSIM JIE@OPMAIINA
IHOIIEPEYHOTI'O 3CYBY TA OBTUCHEHHS

TO THE PROBLEM OF REFINING THE EQUATIONS FOR
ORTHOTROPIC SHELLS DYNAMICS TAKING INTO ACCOUNT
DEFORMATIONS OF TRANSVERSE SHEAR AND COMPRESSION

Porko C.B., k.T.H.,, gou., IIBadioxk B.B., k.T.H., 101., 3y0oBenbKa
H.T., k.T.H., gou., Yxerosa O.A., K.T.H., Aou., [epacbkin O.0., maricTp
(JIyubkuii HanionansHuii Texuiunmii yHiBepcurer, M. JIynbk)

Rotko S.V., Ph.D. in Engineering, Associate Professor, Shvabyuk
V.V., Ph.D. in Engineering, Associate Professor, Zubovetska N.T., Ph.D. in
Engineering, Associate Professor, Uzhehova O.A., Ph.D. in Engineering,
Associate Professor, Heraskin O.O., master (Lutsk National Technical
University, Lutsk)

VY pobomi, ons eueedennss OUHAMIUHUX PIGHAHL PYXY OPMOMPONHOL 0OOIOHKU 6
3ycunnax i Momenmax, w0 Oilomb Yy  NnonepeuyHux — nepepizax — 0OONOHKU,
suxopucmosyemuvcsi eapiayivnuil npunyun Iaminomona - Ocmpoepadcvko2o, Ha OCHOBL
SIKO20 MAKOIC POPMYMIOIOMbCSL 2PAHUYHI MA NOYAMK08i yMosu. I3 ompumanoi cucmemu
DIiHSIHb, Hexmyluu QOYHKYIEIO, Wo 6paxoeyc nonepeune OOMUCHEHHS, a MAKodIC
yieHamu, wo 8idobpadlcaioms 6naUe KPUSUH CepeOUuHHOL NO8EePXHI, MOJICHA OMPUMAMU
eapianmu  Hexaacuunoi meopii  obononox C.O. Ambapyymsmna, meopii muny
Tumowenka ma iHuuXx.

The article is examining a problem of equation system design for orthotropic shells
dynamics taking into account deformations of transverse shear and compression.
Transverse shear deformations are only partially taken into account in the existing
dynamic calculation equations of theories of Tymoshenko-type shells. The stress-
deformed state in such shells is determined on the basis of simplified formulas. These
formulas are based on the hypotheses of linearity of deformations in tangential directions
and their constancy in the transverse direction.

The authors propose a variant of the non-classical model of the dynamics of
orthotropic shells. The tangential normal stresses of this model are expressed in terms of
bending moments and transverse forces according to the corresponding dependences.
These dependences change (relative to the transverse coordinate) according to the cubic
law in tangential directions, and the tangential stresses - according to the law of a
square parabola.

To derive the dynamic equations of motion of the orthotropic shell in the forces and
moments acting in the cross sections of the shell, the Hamilton-Ostrogradsky variational
principle is used. Boundary and initial conditions are also formulated on the basis of this
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principle. The resulting system of five differential equations is a complete system of
equations with respect to the five functions sought. The general order of such a system of
differential equations in partial derivatives is 14. The Helmholtz equation is additional to
the classical Kirchhoff-Lev theory.
Therefore, when solving specific boundary value problems, it is necessary to attach
boundary and initial conditions to this system. Their number should not exceed seven.
From the obtained system of equations, neglecting the function that takes into
account the transverse compression, as well as the terms that reflect the influence of the
curvatures of the middle surface, we can obtain variants of the nonclassical theory of
shells S.0. Ambartsumian, theories such as Tymoshenko and others.

Kuouosi  crnosa: opmomponui  000NOHKU, PIGHSAHHA — OUHAMIKY, NPUHYUN
Taminemona-Ocmpozpadcvkozo, deghopmayii nonepeurozo 3¢y8y ma 0OMuCHeHHs.

Key words: orthotropic shells, equations of dynamics, Hamilton-Ostrogradsky
principle, transverse shear deformations and compression.

Beryn. Ilepmmmu cnpoGaMu  po3paxyHKy i30TPOIHHX OOOJIOHOK Ha
OCHOBI TimoTe3 OiNbII 3aradbHUX, HDK Trimotesn Kipxroda-Jlssa, MoxxHa
BBa)XaTH IPYHTOBHI POOOTH IOYATKy COPOKOBHX POKIB MHHYJOIO CTOJITTS
takux ydenux sk M.O. Kimpuerchkuii [1], A.JI. Tompmenseiizep [2], B.B.
Hogoxwunos [3], A.L Jlyp’e [4] Ta inmmx [5], ne Oyino BH3HAYEHO MOPSIAOK
MOXUOKH KJIACHYHOI Teopii OOONOHOK, MOPIBHSHO i3 pIBHSHHAMH Teopil
MPY’KHOCTI, @ TaKOX HEOOXITHICTh MPUHHSTTSA HOBHX, OLIBII TOYHHX, TIMOTE3.
Vke B IATHIACCATHX PpOKAaX Ta HA I[0YATKY MIECTHISCATUX MOBHICTIO
cthopMmyBanmcs Tak 3BaHI HEKJIacW4Hi Teopii Tuny Tumomrenka-PeiiCcuepa [6],
E.I I'puromnroka ta iam. [7]. LluM TeopisM BiAmoBimae niHiiHA MOAENHh 3MiHA
KOMIIOHCHT BEKTOpa MMEPEMIIICHb 1 TEH30pa HAIIPY)KEeHb 3a TOBIIUHO [6]:

U=u+y,z; V=v+y,z; W=w(a,pj). 1)
N 3M -z Q

:—a—i— a , = a . 2

T il Cangl) @

TyT Beau4uHU U, V, W XapaKTepU3yIOTh MepeMillleHHs] TOYOK CepeIMHHOT

TOBEPXHi OOOJNOHKM UM IIACTHHH; J,,); — y3aralbHEHi KyTH IOBOPOTY

HOPMaJIbHOrO BONOKHA B miomuHax (a,z) i (B,z); N, Q,,M_, — sycumis ta
MOMEHTH B Tiepepizax 00O0JIOHKH; 2h,W — rtoBumua Ta panianbHe
nepeMilieHHsT OOOJIOHKH, IO HE 3aJIeXHTh Bijl IOIEpPEeYHOI KOoopAuHATH Z
K’ — koediienT 3cyBy, 3HaueHHs SKOTO BHOMPAEThCSA 3aIEKHO Bij 3aKOHY
PO3MOUTy JOTUYHUX HANPY>KEHb Yy TONEPEYHOMY HANpsIMKY. SIK mpaBuiIO, BiH
npuiimMaethes pisaum k' =5/6.

[Inpoke 3acToCcyBaHHS ISl TOOYJOBY CTATUYHHUX ABOBHUMIPHUX MOJENEH

aHI30TPONMHUX OOOJOHOK 1 IUIACTHH 3HAWIIOB iTEpaIliifHMA METOJ TiloTe3
C.O0. Ambapuymsina [8], skuii, Ha BiAMiHy BiJ Teopidi Tuny TuMomeHKa-
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Peiiccuepa ta II. Harmi [9], mepenbadae 3MiHy 3a TOBHIMHOIO TIJIACTHHHU Ta
000JIOHKA OCHOBHUX HOPMAJBHUX HANpPY>KCHb y TAHTCHI[IATBHUX HAIPsIMKax

3a 3aKOHOM KyOi4HOi mapaboiu, a OOTHYHHX HANpPyKEHb Ty T~ 32
3aKOHOM KBajnpaTHOi mapabomm. [lepemimeHHs Takoi MOZEINi 3alHCYIOTHCS
HACTYITHUM YHUHOM:

2 2

U=u+zy +z l—z—- V=v+zy, +2| -———
e85 3 SV 755 an?

W =w(e, ).

YV naseneHux Qopmynax Hesigomi (yHkmi i/, iz//ﬂ BHU3HAYAIOTHCS

R

depes momepedni cumn Q,, i Qﬁ Ta BIANOBIJHI y3arajlbHEHI KyTH MOBOPOTY
]/a 1 7/ﬂ Y BUTJIAAL:

3 1ow 3
vy a1 W, 3Qy
4G,,h A, 0a 5Gy;h

+kou, (a <> B).
Cuctemu (1), (3) 3ammcani y ¢opmi, 3 AK0i n0oOpe BHIHO SK IPUPOIY
YTOYHCHHS, TaK i PI3HHUII0 MK KJIACHYHOI Ta YTOYHEHHMH TEOPIsIMH TOHKHX
IUTACTHH 1 000JOHOK. I3 aHamizy mux (opMyn BHIHO, IO B JOAAHKAX IS
TAHICHI[AJIBHAX IIEPEMIllIeHb OCHOBHY pounb Bimirpae muoxuuk Q, /2G,h,

KyId BXOJMTh TMONEpeYHa cuia (YUCENIbHUK) Ta 3CyBHA IKOPCTKICTh
(3HameHHUK). HexTyBaHHS ITUM MHOKHUKOM BeJie JI0 TMEePEXOy M0 KIAaCHIHOT
MOJIeNli TOHKUX 000J0HOK. TOMy i KOMITO3MUTHHX MatepiaiiB i3 HU3BKOIO
3CYBHOIO JKOPCTKICTIO IIefi MHOXXHHMK MOKe OyTH IOCHTh 3HayHMM SIK JUIS
BEJIMYHMH IEPEMIlICHb, TaK 1 JUI1 BeJMYUH HarpyxkeHs. Jlemo mizHimre (1970p.),
yrouHeHa Mozens IutactuH C.O. AMmOapmymsHa BpaxoBYe Ie W TOIMEepedHe
OOTHCHEHHSI, K€ OTPUMaHE i3 3aJeXHOCTEH 3akoHy ['yka mis momepedHoro

HOPMAJIbHOTO HANPYKEHHs O, 3a yMOBH, IO BOHO 3MIiHIOETHCS 33 3aKOHOM
Ky0iuHOI mapabouu:
3
1,z z o P
oy =G +7| 35— s G =05(q"-q); G =" +q,
4 h h
e (0~ —BiAMOBiAHI MOBEPXHEBI HABAHTAKEHHS, MO JiFOTh HA 30BHIIIHIX

MOBEPXHAX 000JIOHKH Z =£h.
1. OcHoBHi 3ajieXHOCTI JUIsl NepeMillleHb | HaNpyKeHb y3araJbHeHOI
HeKJACHYHOI MoJesdi OPTOTPOMHUX 00010HOK. Y pobori [10], ypaxoByroun

BIUIMB IIONEPEYHOTO HOPMAJIbHOTO HAampyXeHHs O, Ta Jedopmanii
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oOTHCHEHHS &,, Oyna ysaraipHeHa cucremMa piBHAHb (3) 10 Olnbin

Z 2
nockoHaioro Buriany [11]:

3
U(a,ﬁ,z)=u+z-7a+% [gz—z—+zzk J Wa

h2
3
V(a,ﬁ,z):v+z-]/ﬁ+1. §Z_Z_2+sz v, @
35 h
2 4 2 2
W(a,ﬂ,z)zw+z-i+§.z_ 23 _+ Aﬁzavll Agﬁ 2
E, 8(h 6h)E |Ada® A0S
A du
(Aza + Ak, w |z

dopmynu JUIs HampyXeHb y TONEPEYHHMX mepepizax OOOJIOHKH, 3a
ypaxyBaHHs piBHOCTeH (4), Oynmu BHpakeHI Yepe3 BHYTPIIIHI 3ycwuis i
MomenTH y Bursiai [10,11]:

o =N M,z 5 Q. (z)+ 2A162W+
“Ton(irk,z) 2 (Lek,z) AK, da o
E aQ _ a< )
Kle aﬁﬂ 05 (2)+ Gy (K, +ViK, ), (2), Lo | )

N M, - o
T, = o +— ap " + Gy, .aQa (Z)"'i'&‘%(z)?
2h(1+k,,) 2h°(1+k,)  K,A, OB KA, oa

Gy(, 7° z aop) . AW
=81 % ll1-Zk , ©q,=q, +2ph—
far = ( hzj( 3 “]Qa [1 o) BTRTP ot?

a

A€ 3YyCHUILIA 1 MOMEHTH Yy TnonepeyHux rlepepi3ax 000JI0OHKH 3HaXO0ATh

h
HACTYITHUM YHHOM: Na,l\/la=Aij(l,2)-0a-HﬂdZ,(a—>,3);
B -h
17 1
a ! = a H dZ;Qa:_
7 /’7 A/}J.h 7 B A
1 3 E1 f (Z)
= f,(2)-(1+k,) : = -
0 (=1 (H) o (1)

Koedinientn JIsme y BHOpaHii TpHOPTOroHaNbHINH CHCTEMI KOOPAMHAT MalOTh
BUIJIAL
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H,=A, (1+ kaZ), A,=4, (a,ﬂ), (¢ —>p),H,=1 - xoediniearn
nepmoi kBagparnuHoi Gopmn koopauHatHoi nosepxmi, K, =K, (a, ys) ) ,

kﬁ = kﬁ (a, ﬂ) — TOJIOBHI KPMBHHH KOOPAWHATHOI MOBEPXHI OOOJIOHKH Ha

HiHisx, BiAmoBiqHO @ =CONSt, [ =const.

HeoOxigHo 3ayBaxkutu, mo Qopmynu (5) yxe 3amucaHi i3 ypaxyBaHHIM
TOTO (haKTOpPy, IO HA OOOJIIOHKY Ji€ TUHAMIYHE HABAaHTAKEHHS y BUTJIAMII CHIH
wepuii — pz2 oW
iHepii —

at?

, KOTpE € IIIe OJTHUM JOJaHKOM Y (HOopMYyJIi JUIsl HATIPY KEHHS

O

,» ay Gopmynax ais O, i Op 3 SBJISIFOTBCS  BIATOBIJHI JIOJaHKU:

W

oW

pz
A7
2. OcHoBHi plmmmm PYXY /ISl OPTOTPONHUX 00010HOK. [[ndepeHmianpHi

PIBHSHHS pyXy eleMeHTa OOONOHKM B HANPYKCHHAX Yy KPUBOJTIHIHHHUX
KoopauHaTax &, [3,Z, i3 ypaxyBaHHAM 3aKOHy MapHOCTi JIOTHYHHX

Hanpyxens, ko H, =1, mators Burmsg [11]:

2 1 7
il

JcH
%(Hﬁo-a) H 5,3 ) .

o, ——+
7 oa
2

1 0 o°U
+H—5—(H H 7. )+ F.H.H, =PHH, = (a o B),

H az-aﬁ

p Z
OH
5(H H,-0,)-o,H, My —o,H,—2+ 6)
oz 01 01
i 2 W
+%(Hﬂrﬂ) aﬂ(Harﬂz)+FZ-HaHﬂ=pHaHﬁ¥,
e Fa,Fﬂ, FZ — KOMIIOHEHTH BEKTOpa O0’€MHOI CHJIHM Y BiAMOBIIHUX

KOOPIMHATHHX HaNpsMKax, O —TIyCcTHHa Marepiany, —wuac.

Cucrema nudepeHIiaJbHUX PIBHSHb PyXy elieMeHTa 000JoHKH (6) B
HAanpysiceHHsx BUKOPUCTOBYETHCS JUIs OTPHMAaHHS TOYHUX DO3B’S3KIB 3a1adu
Teopii MPYXHOCTI 1 HE MOXe OyTH e(pEeKTHMBHO BHUKOPHCTAaHA y HEKIACHYHUX
Teopisx 00OJIOHOK, 3a TUX UM IHIIUX TimoTe3. 3rajaHi Teopii BUKOPHUCTOBYIOTh
AHAJIOTIYHI CHCTEMH PIBHSAHB, KOTPi 3aIMCYIOTHCS 4epe3 BIAMOBIAHI 3ycuans i
Momenmu 'y TONEpeYHHMX mepepizax obomonku. [ iX oTpumaHHS
BUKOPHCTOBYIOTh Di3HI METOAHM, ajie HaWOUIbII JIOTIYHMMHM, Ha JaHWH dac,
BBA)KAIOThCsl BapialiiiHi eHepreTyHi Metonu Jlarpamka, PeficcHepa Ta iHIIMX
[11,12]. 3okpema, y poborti [12] misi BUBeCHHS PIBHSIHB PyXy OOOJIOHKH Yepe3
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sycuana i Momenmu 'y TIONIEPEYHUX Iepepizax OOOIOHKH BHUKOPHUCTOBYETHCS
Bapiariiinui npuHun ['aminsTona-OcTporpaackkoro:

[ordt=0. ™
Ly
ne OL=0K —-06I1+06A; L — pyukuionan Jarpamxka, K i I1— xinernuna

i IOTeHIIaNbHA eHeprii cucteMu; 4 — poO0oTa 30BHIIIHIX CHUI:

2 2
5K:J\J'/|'[aat_g.5u +aat_\2/.é\/ +aat—zvzv.é\NJ'Ha-Hﬁ~da~dﬁ'dZ—

Bapiamis KIHETHYHOI €HepTii CHCTEMH;

an:%j\jlj(aa.5ea+aﬂ-5eﬂ+az.5ez T,y 8y + T, 08, +

+74, ~5eﬁz)>< Ha . Hﬂ -da-d - dz — - papiauis norenniansHoi eneprii
nedopmariii;
§A:Jy(Fa-5U +F, 0V +F,-0W)-H, -H, da-dj-dz+
+[[(a-H, H, oW =" -H, -H, oW )-da-d - -
s

o ) . ENE
— Bapianis pobotn 06’emunx i mosepxuesnx cur; W, H o, ~HAICHHS
1

BEJIMYMH Ha 30BHIMIHIX MIOBEPXHIAX 000JOHKHI (Z = ih) :

:i(ﬂ+kaAaW), (a_)ﬂj;

(S
“H,\ da U—V
16V 1 64U oW
€=t &, =——
H, @ H, P 01
UL oW au) (277
“" 57 H,\da *"° U-vV

Hapani y Bupasi qnst Ol BimBom Hanpyxens O, OyaeMo HeXTyBaTH, a

y Bupasi OA 06’emui cuiu Fa, Fﬁ I FZ OyznemMo BBaKaTH piBHUMH HYJIIO.
Bupaxaroun Hanpy>KeHHs! dyepe3 3yCHIUIs 1 MOMEHTH Ta IiJICTaBIISI0UH 1X

pasoMm i3 medopmarisiMu y BHpa3 A Bapiamii moTeHmianeHOi eHeprii Ol ,
OJICpP)KY€EMO, TICHS IHTETpyBaHHS 3a 3MIHHOK Z , KiHIIEBUH BUTJIAA Bapiamii

oIl :
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JN
an:-ljj Aﬁ-ﬂN“+Aa- “Mka-(Aﬁ-aMu
2° oo ap oo
M, N, N,
+A, - —— |-olU+| A, - + A ——+K, x (8)
) ap oo

M M

x| A ——LH A —L 5T+ 1.2 (Aﬂ-aMu
ap oo A ‘a 1201

a”Maﬂj 1 o o”MﬂJrA 'é’Maﬂ)_

. (Aa .

+A,- vy
A, op ap o

a Of,ﬂ
~AA (KN, +k, Nﬂ))é‘vTHgﬂ,a (Aﬁ -iﬂ+
(04

oM, ~ 4 oM,
+A, - -AAQ, | Oy, +—A, A, - +
P 5 P

a

oM, -
Ay — L= AAQ, | by, |dadf+

+ Ir(Nan-50+ Ny 0T+M,, -8y, +My Sy, + M, Sy, +

+M, -y, +Q,0W)-dT", Q,=Q, 1+Q, m,

ne I —wmexa xoutypy obmacti S; N, =N, I+N_m,
~ ~ ~ a—f
M, =M/Il+M_m, M =M]I+M_ m, (u_)vj;

Q. =Q,/4, A, =1-5KN'19; G=ush iy,

Bapiamiro moTeHIiany 30BHINIHIX HABAHTAXKEHb, MICIS MEAKUX aIreOpaidHux

NIEPETBOPECHDb, MOXKHA 3alMCaTH TaK

OA= ” q,0W-ds. 9)
S
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2 1| A °w A °w
ol a2 a2t a2 A2
hE, 2| Al da® A, Op

q,=0, @+ kakﬁhz) + 2ql(ka + kﬂ)h — y3arajJjbHEHE HABAHTAXXECHHS Yy

Tyr  W=w+0,2h* -w,; W2=§'

nanpsamky oci OZ.
[incraBuBmm piBHOCTI (8),(9) v Bapiamiiine piBHSHHS (7) 1 IPUPIBHIOIOYN
IO HyJS B TIOBEPXHEBOMY IHTerpaii Koe(illieHTH O He3aJe)KHUX Bapiamii

ou, oV, ow, oy, , oy > ONEPXKHMO CHCTEMY ISTH JU(EpCHIIaNbHIX
PIBHSHB PYXY ATl OPTOTPOITHOI 00OJIOHKH
1 6N, 1 ON, = -~ ou [ao B,
=%, +k,Q, =2ph <,
A, da A, Op o” U v

a

1 oM 1 JIM,

Al A £_Q, = 2 2 (@—>p); (0

A, Pa A, P at

1 29, 1 9Q, O*W

— Cxa gy - —k,N, —k,N +2ph X
sNp=—0Q,+2p o

A, da A, P

a
Skmo B cucremy piBHsSHB pyxy (10) 3aMmicTh 3ycHib 1 MOMEHTIB
MiZICTABUTH iX BIANOBIAHI 3HAYCHHs, 3amucaHi dYepe3 aedopmaiii i
NEepeMillleHHs, TO MH OAEPXKHMO CHUCTeMY JU(EepeHIiaJbHUX pPIBHSIHb Y
YAaCTHHHUX MOXiTHUX 14-T0 MOPSAKY.
Cuctema m'stu audepeHmiansHux piBHAHL (10) € MOBHOIO CHCTEMOIO
piBHSAHB BifHOCHO I ATHOX mykaHux ¢pynkuit U, V, W, Ve i V5

@opMyII0BaHHSI T'PAaHMYHUX i MOYATKOBHUX yMOB. [lpu iHTerpyBaHHi
TaKol CHCTEeMH 11 pO3B‘SI3KHM MOBHHHI 33J0BOJIbHATH CEMH TPaHUYHHM YMOBaM
Ha Kpasx o0oNoHKH. PiBHOCTI s GopMymIOBaHHS TPaHUYHHX YMOB MOXKHA
oJieprKaTH, NPUPIBHIOIOYH 0 HYJS KOXHY CKJIAJOBY KOHTYPHOTO iHTerpaia y
BHpasi (8)

N,60=0, N_67=0, Q,6W=0,

M, 87, =0, M,z67,=0, M,Sy, =0,
M,;00, =0, mpn o =const; (11)
Ny07=0, N,,00=0, Qu6W=0,
My, =0, M8, =0, M Sy, =0,
Mggdyy =0, mpu [ =const.
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Ha 6a3i ymoB (11) serko ¢opMyroThcs pi3HI CTaTWdHi ab0 TeOMETPUIHI
rpaHIYHI YMOBH Ha Kpasx 000yoHKH. Hanpukian, s )KOPCTKOTO 3aKpilICHHS
Kparo 000JOHKU HEO0OXiTHO, 1100 BUKOHYBAJIUCH YMOBHU:

U=v=w=y,=yz=y,=y;=0. (12)

Jlo uux piBHAHBL MaroTh OyTH TIpueaAHaHi ouaTkosi ymosu ipu £ =0

W= Wo(a,,B), % = Wl(a’ﬁ)’

G=to(@ ). S =t(e ). T=Y(r,0), %:vl(r,é’), 13)

e}

ae Wy, Vg, Ugs Ug, Vi, W — 3a/jaHi KOMIIOHCHTH MOYaTKOBOTO TEPEeMIICHHS 1

II0YaTKOBOI MIBHUAKOCTI BiJl TOYKH (a , ,3) .

Juns 3BeneHHs cucTeMu piBHAHB pyxy (10) mo momi6HOI (6mm3BKO1), IIO
oTpUMaHa Uil TOJIOTHX OpToTponHux 00070HOK THmy C.IL.TumorneHka, 4u

C.O. AmbGapuymsna, HeoOXifHO (YHKIIT KyTiB 3cyBY ¥, i W 5 BHPasUTH
Yepe3 BiANOBIIHI MOXiTHI BiJ HEBIJOMOI CKJIAIOBOI IIEPEMIMICHHS ITOTIEPEIHOTO
scyBy W, iTak 3BaHOi QyHKIil kpyuenns )
1 ow, 1 8Q 1 ow, 1 8Q
ViTa B A da
B o
CkopHcTaBIICh UM pO3KNIaaoM 1 3anexHoctsiMu (14), mepeTBopuMo
cucremy piBHsHb (10) y cucTeMy piBHSHb BUILY:

[L]-{vV}={Q} (15)

Tyr [L] = (LIJ ),(1, j=1,2,...,5) — marpuus mudepenuiitaux onepatopin
BIJ IIyKaHUX GbyHKIINH {V } = CO|On{l], v, W, V~\IT , Q};

(14)

L.

L]
{Q}=co|on{Li6qi}— BEKTOP-CTOBIENh IH(PEepeHIIHHNX OIepaTopiB Bif
¢yHKUii HaBaHTaXXeHHA. JIiHIMHI omeparopu Lij HaBelleHI B Jojarkax 1,2
moHorpadil [11]. V Bumagky BiJCYTHOCTI MMOBEPXHEBOIO CTATHYHOTO
HaBaHTaxeHHs Benuunay (f; CrpomyroTses 10 3HaUeHD:

ou v )1 . = E,
. E i
H

quqzzp — 5=
1_V12'V21

e 3 (1->2) ()

&y, Orp\p _pAdW. W p
a2 o’ |E E a2 ®

Uz, Us = = o Gy,
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Cucrema m’sitn audepeHuianbHux piBHAHBb (10) € MOBHOIO CHCTEMOIO
PiBHSIHb BiIHOCHO I’siThOX urykanux Qymkuin U,V,W,W_ i €). 3arambuuii

MOPSIIOK Takol cucTeMu AudepeHHialbHUX PIBHAHb B YaCTHHHHUX ITOXIIHUX
nopisHioe 14. ITpu po3B’si3yBaHHI KOHKPETHUX KpalHOBUX 3a/1a4 /10 Li€l cucTeMu
HeoOXiHO MpueHATH rpaHKyHi i modatkosi ymosu (11), (13). Ix kimbkicTs He
MIOBHUHHA TIEPEBUIILYBATH CEMH.

Cucrema piBHsHD (15) 11 0OOJOHOK 3HAYHO CHPOCTUTHCS y BUHAIKY
TpancBepcanbHo—isotporHoro marepiany (B =E,=E;, G,;=0G,=G/,

Vi, =V, :V) IUISXOM BBEJIEHHs Tak 3BaHoi Qymkuii sycuns F(a, f), a

4
Takox Jomymens, mo K = Kﬂ = K'ng'h, Za :/1/3 ~1.

[

Hacningyroun B.3. Bnacosa [13] Ta Bpaxysasiuu wienu 3 W_, npuiimemo:

2 2
a:iz,f? i_kaK’Wr, Nﬂ:iz.a_'z—kﬂK’Wr, 17)
A op A da
1 &F

Naﬂ :_TAﬂ.aafiﬁ’ ne F(a,f)- nesxa oyuxuis sycums Bin

KOOpAMHAT O 1 ﬂ .

Kopuctytounice Bupazamu (16) mnsgd 3ycwiab 1 THepmiuM  PiBHSHHAM
nepospuBHocti M.ILIIepemerneBa - B.JI.Ilenexa [6], cucrema piBusiab (10)
3BOJUTHCS 10 HACTYITHOT CHCTEMH PiBHSHB PYXY:

AAF —2EhA W—-K'Aw,_ =0,
DAAW+ A F — &, AALF —S,W. =

2 ' ’ azw
=2ph(L+k k")t &) = (2 = A)A) (18)
A 2 azw
AF —K'A'W, =-2(1+k k,h )phy,
2
AAQ-Kk2Q) =L A 8?
G at? )
D 4D ,_2h . 2
2Eh’ 5K’ 5(1-v)’ e(l-v)’
S=l+e —eA, & =¢, (k2 +k;—2vk k),

Tyr ¢, =
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= , 5 _
5. =8k +KAK', kK, =20k, +k,)W+v) L
2 2
AN =A+K;+K5, A=A VA, A=i2~a—2+i2~8—2,
A oa® A op
kg o k, & - _k, o> k, &
v Ry Ty e A s Ly I
A Oa Aﬁ. op A Oa Aﬁ op
Awnaniz cucremu piBasEb (10), (18) mokasye, mo 3a (GOpMOI BOHH €
y3aralbHEHHAM KIHEMAaTHYHOI Ta CTATHYHOI rimoTe3 TuMOIIEHKA JUIs

aHI30TPONHUX OOOJIOHOK, JIETalFHO pPO3pOOJIEHNX Ta Cc(OpMyThOBaHHUX B
obmmpHux Monorpadisx C.0. Awmbapuymsina [8], B.JI. Tlemexa [6] Ta
SI.M. T'puropenka [14]. OtpumaTu i PiBHSHHS MOXHA 13 CHCTEMHU PIBHSHb

. "
(18), NPUPIBHABIIM 10 HYJISI YJICHHM, IO MalOTh MHOXHHUKAMH BCIIMYUMHH V

1 . . .
E/E’, 1o6to Ti, koTpi ypaxoBylOTh IONEpeuHi HANpPYXEHHA O, Ta

nedopmaniro £, .

BucnoBok. [loOynoBana yTouHeHa cucTeMa IU(EpEHIIaTbHAX PiBHIHB
pyXy eneMeHTa OpTOTPONMHOI OOOJOHKM i3 BHKOPHUCTaHHSAM BapialiifHOTo
npuHOuny [amineToHa-OCTpPOrpaschkoro, Je BpaxoBYIOThCA —Aedopmanii
MOTIEPEYHOro 3CYBY Ta OOTHUCHEHHs. [|yisi po3B’s13yBaHHS KOHKPETHHX KpaioBUX
3a7a4 Juisl i€l cucteMu chOpMYIIbOBAHO TPAHUYHI Ta MOYATKOBI YMOBH, KOTpi
BUIUTUBAIOTH 13 BUKOPHCTAHOTO BapialliiHOTrO MPUHIIHKILY.

References

1. Kilchevskyi M.O. Osnovni rivniannia rivnovahy pruzhnykh obolonok i deiaki
metody yikh intehruvannia. Zb.prats in-tu matematyky AN URSR, 1940. ## 4,5,6.

2. Holdenveizer A.L. Teoryia upruhykh tonkykh obolochek. M.: Nauka, 1976.
512s.

3. Novozhylov V.V. Teoryia tonkykh obolochek. M., Sudpromhyz. 1951.

4. Lure A.Y. Obshchaia teoryia upruhykh tonkykh obolochek. PMM, 1940. T. 4,
veIp. 2.S. 7-33.

5. Mushtary Kh.M. K voprosu obosnovanyia teoryy tonkykh polohykh obolochek
Prykl. Mekhanyka, 1969. T. 5. Veip. 1. S. 109-113.

6. Pelekh B.L. Teoryia obolochek s nyzkoi sdvyhovoi zhestkostiu. K.: Naukova
dumka, 1973. 246 s.

7. Hryholiuk 3.Y. Uravnenyia trekhsloinsikh obolochek s lehkym zapolnytelem.
Yzv. AN SSSR, OTN, #1, 1957.

8. Ambartsumian S.A. Obshchaia teoryia anyzotropnsikh obolochek. M.:Nauka,
1974. 446 s.

102



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

9. Naghdi P.M. On the theory of thin Elastic Shells. Quart. of Appl. Mathematics,
1957. Vol.14, # 4. P. 369-380.

11. Shvabiuk V.I. Liniine deformuvannia, mitsnist i stiikist kompozytnykh
obolonok serednoi tovshchyny / V.1. Shvabiuk, S.V. Rotko. Monohrafiia. Lutsk: RVV
LNTU, 2015. 264 s.

12. Khoma Y.Yu. Obobshchennaia teoryia anyzotropnsikh obolochek. K.: Naukova
dumka, 1986. 170 s.

13. Vlasov V.Z. Obshchaia teoryia obolochek y eé prylozhenye v tekhnyke.
Yzbrannye trudy. M.: Yzd. AN SSSR, 1962. T.l. 784 s.

14. Hryhorenko Ya.M., Vasylenko A.T., Holub H.P. Statyka anyzotropnykh
obolochek s konechnoi sdvyhovoi zhestkostiu. K.: Naukova dumka, 1987. 216 c.

Crucox BUKOPHCTAHOI JliTepaTypu

1. KinpueBcbkuit M.O. OCHOBHI piBHSHHS PIBHOBard HPY)XHUX OOOJIOHOK 1 JesiKi
MeTo iX iHTerpyBanHs. 30.mpansk iH-Ty MatemMatuk AH YPCP, 1940. NeNe 4,5.,6.

2. l'omppenseiizep A.JI. Teopus ynpyrux ToHkux obomouek. M.: Hayka, 1976. 512c.

3. HoBoxwunos B.B. Teopus Toakux ob6onouek. M., Cymnpomrus. 1951.

4. JIypre A.W. O0mas Teopusi ynpyrux ToHKAX obonouek. [IMM, 1940. T. 4, Beim.
2.C.7-33.

5. Mymrrapu X.M. K Bompocy 000CHOBaHHSI TEOPHH TOHKHX IOJOTHX 000J0YEK
Ipuxi. Mexanuka, 1969. T. 5. Bem. 1. C. 109-113.

6. Ienex B.JI. Teopust o6onouex ¢ HU3KOW CIBHIOBOM skecTkocThlo. K.: HaykoBa
nymka, 1973. 246 c.

7. I'puromtok D.U. YpaBHEHUS TPEXCIOWHBIX 00O0JOYEK C JIETKHM 3allOJHUTEIIEM.
U3zs. AH CCCP, OTH, Nel, 1957.

8. AmOapuymsH C.A. O0mas Teopus aHM3OTPOMHBIX obosouek. M.:Hayka, 1974.
446 c.

9. Naghdi P.M. On the theory of thin Elastic Shells. Quart. of Appl. Mathematics,
1957. Vol.14, Ne 4. P. 369-380.

10. IIIBa6’rox B.l. BapianT y3aranpHeHO! Teopii HENOJOTMX OPTOTPOIHUX
00010HOK. MainHo3HaBCcTBO, 1998. Ne 7. C.2-8.

11. [IBa6’rox B.I. JliniliHe medopMyBaHHS, MIIHICTH 1 CTIHKiCTh KOMIIO3UTHHX
obonoHok cepenHboi ToumaU / B.1. 11IBa6 0k, C.B. PoTko. Monorpadis. JIyusk: PBB
JIHTY, 2015. 264 c.

12. Xoma HM.IO. OGoOmenHas Teopusi aHM30TPOmHBIX obOomouek. K.: Haykoma
nymKka, 1986. 170 c.

13. Bmaco B.3. OO6mas Tteopusi o0onoueKk M €€ NPUIOKEHHE B TEXHHUKE.
N36pannsie tpyast. M.: Uza. AH CCCP, 1962. T.1. 784 c.

14. Tpuropenko S.M., Bacunenko A.T., T'onyo I'.Il. Cratika aHH30TPOIHBIX
000JI04eK ¢ KOHEYHOI c1BUroBoH xectkocThio. K.: HaykoBa nymka, 1987. 216 c.

103



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020
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METAJIEBI KOHCTPYKIII B CYYACHOMY BYJIIBHUIITBI
METAL STRUCTURES IN MODERN CONSTRUCTION

Tanax JI.O., K.T.H., aou., lumuyk O.II., k.T.H., gou., IIpouroxk B.O.,
K.T.H., ¢T. BUKja1aga4, Cemepeii A.C., cryaent, Ilanaciok SL.I., k.T.H., Aom.
(JIyupkuit HamioHANLHUI TeXHiYHMIT yHiBepcuTeT, M. JIyubK)

Talakh L.O., Ph.D. in Engineering, Associate Professor, Shymchuk
O.P., Ph.D. in Engineering, Associate Professor, Protsiuk V.O., Ph.D. in
Engineering, senior lecturer, Semerei A.S., student, Panasuk Y.l., Ph.D. in
Engineering, Associate Professor (Lutsk National Technical University,
Lutsk)

Bukonano ananiz w000 UKOPUCMAHHA Memanesux KOHCMPYKYill 8 CYYaCHOMY
0y0igHUYMEI ma pO32NAHYMI MONCIUBOCTI YOOCKOHANEHHA IX 3 Memoi wuUpoKo2o
BUKOPUCMAHHA He Juule Y NPOMUCTIOBOMY, YUGITLHOMY, KOMEPYILUHOMY, A i HCUML0BOMY
6Y0IBHUYMSEI, A MAKONC 6UEHUEHO NPOOIeMU Y 3A3HAYEHIl 2any3i Mma WIAXU IX YCYHEHHSL.
(Cmamms 0211008a)

An analysis of the use of metal structures in modern construction and considered
the possibility of improving them for widespread use not only in industrial, civil,
commercial, but also residential construction.

High performance characteristics, high strength and homogeneity of the metal
structure explain its demand in the field of construction.

The steel framework allows to increase considerably functionality of the building
and to reduce terms of its construction. In comparison with various modern materials,
each steel structure has key and undeniable advantages - a high degree of factory
readiness, full maintainability and reusability.

Rolled steel is increasingly used, and its range, as well as the physical and
chemical properties of alloys are constantly improving. At the same time, due to their
versatility in processing, strength, maintainability, reliability in operation and industry
of steels, their application solves numerous problems of residential, commercial and
industrial construction.

Alloys with new alloying components allow: to create light steel and thin-walled
structures with the increased bearing capacity; to conduct cheap construction of small
and high-rise buildings and structures; to improve the architectural appearance of
buildings; ensure high rates of production.

Metal is becoming a formative factor in architecture, especially in new types of
buildings - modern exhibition and sports complexes, railway stations, shopping malls,
stadiums, not to mention the transport, industrial and civil construction. Metal is a
specific means of architectural development of space.

Given the ratio of strength and density, steel is considered a lightweight building
material. In comparison with a tree this factor at it is lower twice, in comparison with
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concrete - in 8 ... 10 times and in comparison with a brick - in 18 ... 20 times.
Accordingly, buildings and structures with a steel frame can be erected on pile, tile and
strip foundations of lightweight construction. (Review article)

Knrouosi cnosa: memanegi KoHcmpyKyii, Miynicms, cmaib, WEUOKOMOHMOBAHI
KOHCMPYKYIi, cmanesuti Kaprac.

Keywords: metal structures, strength, steel, prefabricated structures, steel frame.

Beryn. PosBurok crameBoro OymiBHHIITBA B YKpaiHi HEMOXJIHMBHU 0e3
YCBiTOMIIEHHSI Ba)XJIMBOCTI B aHaNi3l BUKOPHCTaHHA CTaJIeBUX KOHCTPYKIIH y
PO3BHHYTHX KpaiHax CBiTy Ta BTUICHHI HaWKpamux iged B yKpaiHCBKe
OyniBHHLTBO. HayKkoBo-TeXHIYHMH mporpec B IbOMY HampsMy IOTpedye
MOUIYKY HOBHX BHMCOKOMILHHX CTaued, HOBHX ()OPM CTaJeBHUX KOHCTPYKILIH.
PeanizyBatu mi izei MOMIJIMBO JHMIIE HULIXOM MOJEPHI3alil BXE ICHYFOUHX
BUPOOHHMUTB 1 iX HapOIlyBaHHi, a TaKOX Yy OYHIBHUITBI HOBHX 3aBOJIB 3
ABTOMATH30BaHOTO BHUIOTOBIICHHSI PI3HOTO POJAY KOHCTPYKILIH 3a CBITOBHMH
CTaHAAPTaMH.

di3uko-MeXaHiYHI BIACTUBOCTI CTaJIeii, 3 IKUX BUTOTOBIISIOTHCS METAJIEBI
KOHCTPYKIIii, BUCOKI €KCIUTyaTalliifHi XapaKTepUCTUKHA HaJalld MOXKIHBICTH IX
OIMPOKOTO BUKOPUCTAHHSA y OyIiBHULTBI. BHCOka MIIHICTB, JETKICTh Ta
HAJIHHICTD JO3BOJIMIIM 3BOAUTH BHCOKI Ta BETHKOIPOTOHOBI OYIiBIi.

AHani3 jgociaimikeHb. BHKOpHCTaHHA  CTalNeBHX  KOHCTPYKIH Yy
OyniBenpHIM ramy3i B YkpaiHi 3aiiMac He BEJIMKY 4YacTKy B IIOPIBHSHHI 3
iHmuMu  KpaiHamu. «[loku 1m0 dacTtka crajeBoro OyHiBHHITBA HE
nepesuinye 15%. byaiBenbHuil punHok B Ykpaini HeBenukuii — 2,2% y
crpykrypi BBII. B €Bpomi cepeaHiii mokasHuUK cTaHOBUTH 6%, a B
Typeuunni — 10% BBII» [1].

CrorozHi BenMka 3aTpeOyBaHICTh JKMTIA, CYy4aCHHUX IPOMHCIOBHX,
IHPPACTPYKTYpHUX, O3MOPOBUMX Ta iH. 00’ekTiB. s peamizamii HOMUTY
HeoOXiHI BeHKi QiHaHCH, IKHX, Ha JKaJb, B YKpalHi HeMae.

[Ipu mpaBmIFHOMY MiAXOI y TUIAHYBAaHHI Ta iHBECTYBaHHI y OyIiBeIbHY
rajgy3b BCE MOXIIMBO 3MiHUTH Ha Kpallle, a/UKe BEIHKa KUIbKICTh ITiAPHEMCTB,
B TOMY YHCIII 1 MaJIMi Ta cepeHii Oi3HeC, MPSAMO YU OMOCEPEIKOBAHO, 3aTyUeHI
10 OymiBeNBHOTO CEKTOpy. PO3BHTOK OYHIBHHMIITBA HAAa€ MOXKIJIHMBOCTI
30UTBIICHHS POOOYMX Micub 1 IHBECTYBaHHS B Taly3b HE JIHIIE BEIHKHX
KOpIIOpaIliii, aye i HaceneHHs.

BuxopucToBYIOTh MeTaaeBi KOHCTPYKIII B YKpaini B 2 — 2,5 pa3u MeHIe,
HIK y pO3BMHYTHX KpaiHax €Bpomnu. HaiiOinpmie BOHH BHKOPHCTOBYIOTHCS Y
BenukoOpuTanii. B OCHOBHOMY 3acTOCOBYIOTBCS CTalieBi KOHCTPYKII Yy
KOMepIiiiHOMy OymiBHUITBI. BymZiBHHITBO XHTIa B I[OMY MHUTAaHHI 3HAYHO
yrnoBuTbHEHO. B YkpaiHi 1e#l BifCOTOK ONM3BKO OAMHUIN, TOHi K B SmOHIi,
CUIA i HlIBenii — 10-15% [2].
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IMocranoBka MeTH i 3agadi xociaigskenb. MeToro poOOTH € JOCTHiAWTH
MEPCIEKTUBHICTh BUKOPUCTAHHS METAJIEBUX KOHCTPYKLIH Yy Cy4acHOMY
OyMiBHUIITBI MPOMHUCIIOBHUX, IUBIJIBHUX 1 KUTIOBUX OYIiBEIb.

OCHOBHMMH  3aJjadyaMd  JOCH/DKEHHS € BH3HAYCHHS  OCHOBHHX
XapaKTepUCTUK CTalli, SIK OCHOBHOTO Matepiany Uil IPOEKTyBaHHS METaJIeBUX
KOHCTPYKIIi{, MepeBar Ta HEJOMIKIB, 3HAXOKCHHs NUIAXIB IS ONMTHMi3alii
CTajeBoro Oy/AiBHHUIITBA, BUBUCHHS NPOOJIEM y 3a3Ha4YeHil rayysi Ta OUIAXH 1X
YCYHEHHSL.

Bukiaag ocHoBHOro marepiamy. MertaneBi KOHCTPYKIHii, SKi 3HAWIUIN
CBO€ BUKOPHCTAHHA B Oy/IiBeIbHIN Tally3i MalOTh MIUPOKHUNA CIIEKTP BiAMIHHOCTI
— BHCOTa, NpOTiH, opMa Ta marepiai, 3 SIKOTO BOHU BHTOTOBIEHi. JleBoBa
JacTHHA 1X BUTOTOBIISETHCS Ha 3aBOJIAX.

Jlns monerimeHHs METaleBUX KOHCTPYKIIH, a pa3soM 3 THM, 3MEHIICHHS
HaBaHTa&)XEHHS Ha (yHOAMEHTH, ULIMPOKO 3aCTOCOBYIOThCS  OicTanesi
KOHCTPYKIIii, PeliTyacTi Ta KOHCTPYKLIi a00 IX eJIeMEeHTH, SKi BHUTOTOBJICHI 3
BHUCOKOMIITHHX 1 JieroBaHux craneil. Came BBEICHHS B KapKac OYIBII Takux
KOHCTPYKIIA Hamaao iM IepeBary HaJ MAaCHBHMMH 3ai300€TOHHHMH, SKi
NoTpeOyBaji BCTAHOBJICHHsI ONanyOKH, 4acy Ha Ty)KaBiHHS Ta IHIIE.

3arpeOyBaHICTh Yy  TEXHOJIOTii  OYMIBHUIITBA 3  BHKOPHUCTaHHSIM
METAIOKOHCTPYKIIH CHOTOIHI € OyKe BeJHKa, TaK SK CTPOKH OyIiBHHUIITBA
CKOpPOYYIOTECS B KiJIbKA pasiB.

MertaneBuii kapkac — I OCTOB OymiBIi, sKkuii 3abe3medye ii MIIHICTB,
CTIMKICTh 1 JKOpCTKiCTh. IlpaBMnbHMIT BHOIp KOHCTPYKIIH IS CTajeBOTO
Kapkacy 3a0esneuye HafmidHiCTh cropyau 3arasioM. Came ToMy mpH
NPOCKTYBaHHI BEJIMKE 3HAUEHHS Ma€ CTBOPEHHsS Mojeni OyniBii, ska Hajae
MOJUIMBICTh aHAII3yBaTH POOOTY KOXKHOI KOHCTPYKIIi B pealbHUX yMOBax. Y
BCIX PO3TATHYTHUX €JIEMEHTAX 3HAYHOI JIOBKUHU PEKOMEHYEThCSI BCTAHOBIICHHS
LITIPEHTeNiB JUIsl 3MEHILEHHs TX MPOBHUCAHHS, @ CTUCHYTI CTEPXHI POEKTYBaTH
KOPOTKUMH 1 SIKIIIO HEOOXIHO, TO 31 cTajiell MiBUIICHOT MIIIHOCTI.

[lpn npoekTyBaHHI MeETaJleBMX KOHCTPYKIIH MaTepial BHOMpAETHCS,
BUXOISIYM 3 OCOONMBOCTEH OymiBenb, reorpadiqHOro IONOXKEHHS, YMOB
BUTOTOBJICHHSI, MOHTAXY Ta eKkcruryaTamii [3].

«Bubip cram 3aleXuTh BiJl HACTYITHHUX IMapaMeTpiB, sSKi BIUIMBAIOTH Ha
poboTy MaTepiay: TeMIepaTypH CepelOBHINA; XapaKTepy HaBaHTAXKCHHS; BUILY
Hanpy>XeHOro CTaHy; crocoOy 3’€JHaHHS €JIEMEHTIB; TOBIIMHU MPOKATY.
Haiiyacrime BHKOPHCTOBY€ThCS TapsdeKkaTaHa BYyIVIEIeBa CTalb 3BHUYAHHOL i
MABUIIEHOI SIKOCTI, a B JEIKMX BUIMAAKaX HU3HKOJIETOBAaHA CTajb INABHILEHOI
MimHOCTi. YacTKka JIMCTOBOTO METaly B TOTOBOMY BHPOOI MOXE JOCATATH JIO
30 ... 60%, a 6yBae i 90 ... 95%» [4].

KoxxHa MeraneBa KOHCTPYKIIS CKIQJAETHCS 3 OKPEMHUX EJIEMEHTIB,
3’€IHAaHUX MIX co00i0 B omHe Iiiyie. PopmMa KOHCTPYKIIi 3aJeXKHUTh Bif| THUILY
cropy i ii mpu3Ha4YeHHs, BPaXxOBYIOUM HE JIMIIE ITOKa3HUKH 3a HaJiHHICTIO,
ale W 3a CTWIBHICTIO Ta apxXiTeKTYpHOIO BHpasHicTIO. [ns 1boro
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BHKOPHCTOBYIOTh pisHOMaHiTHI mpo¢imi. Cepex 3aTpeOyBaHHX 3HA4YHE Micle
Mmatote C-, U-, Z-, II - nonibui npodini, 3akputi kopob4acti Ta TpyOUacti
npodini. Bei i Bume 3a3HaueHi npodini HagalTh MOXIIMBICTH MPOEKTYBaIN
nerki wmeraneBi koHcTpykuii (JIMK) 3HauHOT HOBXMHH, SIKI HE TOCTYMAIOTHCS
CBOIMH BIACTHBOCTAMH TpaauIliiHIM [4].

CraneBuii Kapkac JI03BOJIS€ 3HAYHO MIiABUINUTH (YHKIIOHAIBHICTH
OyniBii i ckopoTUTH TepMiHHM i OyxaiBHMUTBa. CydacHi crajeBi KOHCTPYKLII
MAalOTh KITIOYOBI IIepeBarl — BHUCOKA CTYIIHb 3aBOJCHKOI TOTOBHOCTI, ITOBHA
PEMOHTONPUAATHICTD 1 MOYIJIUBICTh BTOPHHHOTO BUKOPHCTAHHS.

IIpoBigui OymiBenbHI KOMITaHIi BCBOTO CBITYy BXKE BIAMOBHWIIHCS Bix
TPamUIifHOTO BUAY OYHIBHHIITBA, BiAMAaBIIM IepeBary IIBHAKOMOHTOBAHUM
oynismsm (LLIUB).

Puc.1. [lpuxiaan npoeKTiB 3 BUKOPUCTAHHSIM IIBUIKOMOHTOBaHUX
KOHCTPYKIIH Y IPOMHCIIOBOMY, KOMEPLUIHHOMY Ta IWBUILHOMY Oy IiBHULTBI
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TexHomoriss Takoro OyNIBHHWIITBA JO3BOJISE EKOHOMHTH KOINTH Ha
Marepianax i TpyJIOBI pecypcH, a TakoXX OyAyBaTH IIBHIKO Ta SIKICHO y Oyab-
SKy TOpY PpOKy. 3a Ii€l0 TEXHOJOTI€EI0 BxXe NoO0ynoBaHO Oarato 00’€KTiB
CUIBCHKOTOCTIOIAPCHKOTO MPHU3HAYEHHS, BEJIMKHUX CYNEPMapKeTiB, JIOTICTUYHUX
LEHTPIB Ta iHIIE.

Jlerkicte 1 mpocTe pIlIeHHS Kapkacy Ta OTOpOKYBAJIBHHX €JIEMEHTIB
OyniBii, pi3HOBUAM YTEIUIIOBAYIB y CEHJBIU-TIAHENSX DPO3IIUPIOE MOXIHUBICTH
OynyBaTH y Pi3HHX KIIMATHYHHAX, B TOMY YHCIi, BaKKOJOCTYIMHHX pErioHax
KpaiH{ i Ma€ BENNKi IePCICKTHBH.

3 BBemeHHsAM B mito y 2015 poui JIBH B.2.6-198:2014, a y 2016 pori 3
MPUHHATTAM YTOAM PO BIIBHY TOPTiBII0 MK YKpaiHoio Ta €C, 3Ha4HO
po3IIMpHIacsi HOMEHKIATypa METalleBHX KOHCTPYKIIH, COPTaMEHTY, Pi3HHX
MapoK CTaji IyIs IX BUTOTOBJICHHS Ta iH. HA pUHKY Hamoi kpainu [3]. Lle Hapano
MOXKIIBICTh MaTH JIOCTYI J0 SIKICHOT IMIIOPTHOT MPOAYKIUIT 1 MiJBUIUTH SKICTh
CBOET YKpaiHChbKOI. 3 KOXXHMM pOKOM IIONUT Ha OyAIBHHLTBO OyIiBelb 3
BUKOPHCTaHHSIM METAJIEBUX KOHCTPYKIIH 3pocTae, sK OKPEMO B3STHX
€JIEMEHTIB, TaKk 1 Kapkacy B IiioMy. Pa3om 3 muM, Takuii cTaH peueil HajaB
MOXIIMBICT OyAyBaTH OyHiBII Ta CHOPYIH A PI3HOTO INPU3HAYEHHA —
MIPOMHCIIOBI, ITUBLIBHI, )XUTIOBI. 11[0/10 OCTAaHHBOTO, TO HEOOXIAHO BiAMITH, IO
OymiBHHIITBO XHUTJIOBUX OYIWHKIB 31 CTaJeBUX KOHCTPYKIiH B YKpaiHi Majio
PO3BHHYTO, aiie 301IbIIeHHS OYIiBHUIITBA CaMe B IIbOMY HAIPsMi MOKE 3HAYHO
MIPUCKOPUTH BUPILICHHS JKUTJIA AL MOJIOAMX CiMEH, ciMell 3 HU3bKUM piBHEM
JOCTaTKY 1, IO Jy>ke BaXKIMBO JUIS NepecereHIliB okymnoBaHoro Jlonb6acy. Take
KHUTIO OyIyeThCsl B KOPOTKI TEPMiHHU, € MOPIBHSIHO JEMIEBUM, KOMPOPTHUM i
TETUTUM.

«[InacTryHicTh MeTaily i #oro yHiBepcalbHICTh B 00pOOILli 3HIMAIOTh OY/Ib-
sSKi OoOMeXeHHs 1 3a0e3neuyyloTh MIMPOKWI MPOCTIp Ui HPOEKTYBaHHS
KHUTJIOBUX OYJMHKIB, CIIOPTHBHUX CIIOPY/I 1 CYCIIJIBHO KOPHCHUX OyaiBenby [S].

Mertan crae GopMOTBOPYKM (HAaKTOPOM apXiTEKTypH, OCOOJHUBO B HOBHX
TUNax OYAMHKIB — Cy4YacHMX BHCTaBKOBHX 1 CIOPTHBHMX KOMIUIEKCAX,
BOK3aJlaX, TOPrOBHX LIEHTPAX, CTAII0HAX, HE TOBOPSIYM BKE MPO TPAHCIIOPTHE,
MPOMUCIIOBE Ta IMBUTbHE OyMiBHUITBO. MeTan BHCTyHae cHenu(iIHUM
3ac000M apXiTEKTYPHOT'O OCBOEHHS ITPOCTOPY.

«3 orIAMy Ha CIIBBITHOIICHHS MIITHOCTI i IIUTBHOCTI, CTallb BBaXKA€THCS
JIeTKUM OyniBeJIbHUM MaTepiajioM. Y MOpPIBHSHHI 3 IepeBOM el koediieHT y
Hel HYDKYe B JIBa pasu, B MOPiBHsHHI 3 6etoHoM — B § ... 10 pa3iB i B OpiBHIHHI
3 mersoro — B 18 ... 20 pazis. BignoBigHo, OyaiBii Ta COpyAH 31 CTaleBUX
KapkacoM MOXYTh 3BOJMTHCS Ha TMAalbOBHX, IUIMTKOBHX 1 CTPIYKOBUX
(hyHIaMeHTax IMOJIETIIEHOT KOHCTPYKIT» [5].

BUKOpHCTOBYIOUM METaTOKOHCTPYKINi i CTajleBHH Kapkac, apXiTeKTopu
3MOXXYTh peami3yBaTH iHAWBiAyadbHi, BilOMi BCHOMY CBITi CBOi TIPOEKTH,
CTBOPIOIOYH HETIOBTOPHI apXiTEeKTypHI aHCaMOJli, MOEAHYIOUM KOHCTPYKTHBHI
(opMH 3 TapMOHIHHICTIO, BUPA3HICTIO Ta YHIKAIBHICTIO (pHC.2).
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Puc. 2. ByziBii 3 BUKOPUCTaHHIM METAJIOKOHCTPYKIIN: a) — oicCHUIT HEeHTp,
Amrtaunist; 6) — oiMIiIHCHKHNA cTanioH B MIOHXEHI; B, T) — TOPIoBi LEHTPH
€spona i Ocean Plaza, m. Kuis

Jlo mepeBar MIBUIKOMOHTOBaHMX OY/iBEJb i3 CTAJIEBUM KapKacoOM MOXKHA
BigHectu [6, 7]:

- IIBUJKICTH MOHTaXy (3BEJCHHS aHAIOTiYHUX OyaiBenb 3 OeToHy abo
nernm BuMarae B 6-10 pasis Oiblie yacy);

- exoHomis Ha 1wiHi (Ha 20-30% pmemeBme OyAb-SKAX —1HIITHX
aNbTePHATHBHHUX METOIIB OyIiBHUIITBA);

- MaJia Bara KOHCTPYKIIiH J03BOJIsIE 32011 ANTH Ha (DyHIaMEHTI;

- OyniBii i3 ceHIBIU-TIaHeNe MOXKHa 310paTh Ta po3ibpatu B OyIb-sIKOMY
3pyYHOMY MICIIi;

- BUKOHAHHS Oy/iBEIHHHUX POOIT B OyIb-IKY IIOPY POKY;

- JIOBrOBIYHICTB, CEHCMOCTIHKICTh, Oe3leka Ta CTIHKICTh Imepen
HETaTHBHHMH [IOTOJHUMH YMOBaMU;

- HeMae noTpedu B (hacagHuX poboTax Ta iHIIe.

Jlo HenonikiB MIBUAKOMOHTOBAaHUX OyIiBeNlb 13 CTaleBUM KapKacoM
MOYKHa BIJTHECTH — HEJJOCTATHIO KOPO3iiHY CTIHKICTh 1 MaJly BOTHECTIHKICTb.
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[[IBunKOMOHTOBaHI OymiBIi O€3MOTAaHHO BIANOBINAIOTE IyXy Cy4acHOi
apXIiTeKTypH.

MeraneBi KOHCTpYKLii NMpH eKCIUTyaTalii 3 IUIMHHICTIO 4acy MOXYTb
miigaBaTics BIUIMBY KOpO3il, a TOMy HpH IX IPOEKTYBaHHI HEOOXigHO
JOTPUMYBATHUCS TAKHX BUMOT:

« - 3HHDKEHHSI CTYIICHsI arpeCHBHOCTI BIUIMBIB MPUPOJHHUX Ta BUPOOHUYMX
CEepeIOBHIIL 32 PaXyHOK 3aC00iB €KOJOTIYHOTO 3aXHUCTY;

- BIU3HAYCHHS BAMOT O€3MEKH J0 MaTepialiiB Ta KOHCTPYKLIN Ipu BHOOpI
BapiaHTiB IEPBUHHOTO Ta BTOPHHHOTO 3aXHCTY BiJl KOPO3ii;

- BIPOBAaPKEHHSI ICHYIOUMX KOPO3IHHOCTIMKMX MartepiamiB Uit
3a0e3neueHHs TEPBHHHOTO 3aXUCTy OyAiBeTbHHX MarepiajliB, BHPOOIB 1
KOHCTPYKIIIH;

- BIPOBADKCHHA CS(PEKTHBHHUX 3ac00iB Ta METOMIB MPOTHKOPO3iHHOTO
3aXHCTY 3 FAPaHTOBAaHUMH MOKa3HUKaMH JIOBIOBIYHOCTI» [8].

[Tpu npoexTyBaHHI CTaJeBUX KOHCTPYKIIH BpPaxoBYIOTh BUMOTH CTOCOBHO
3abe3neueHHs BorHectiiikocti [9]. st 00°€KTiB MiABUIIEHOT HAIIHHOCTI IIe Ha
cTafil TPOEKTY 3aKiaJaloTh BUKOPUCTAHHS —CHELIaJbHUX MapoK, LI0
XapaKTePU3YIOThCS TCIIOTPUBKICTIO a00 JKapOCTIHKICTIO.

[TepenyBano TakoMy CTaHy peueil HeIOCKOHala yKpaiHChKa HOpMaTHUBHA
0a3a, BIJICYTHICTh HEOOXITHMX COPTAMEHTIB BITUYM3HSHOTO BHUPOOHHUIITBA,
3aBHINECHI BUMOTH J0 BOTHE3aXHCTy KOHCTPYKIIH MOPIBHSIHO 31 CBITOBUMH
CTaHIapTaMd, HHU3bKa OOI3HAHICTH 1 KYHiBEJbHA CIPOMOXHICTH TPOMaIsH
Ta 00MeXeHl i1HBeCTHUIIT B HOBI TEXHOJIOTII.

Onnak micns npuiHATTS HOBoro JIBH B.2.6-198:2014, ne BKIt0YEeHO HOBI
METOJMKH PpO3PaxyHKy KOHCTPYKIiH 1 iX By3JiB 3a €BPONCHCHKUMHU
crangaptam [3], HOBI po3pobku npoepamnozo 3abesnevenns (Tekla Structures,
Building Informational Model, KOMIIAC-3D V15, 3, 3D-mooeniosanns
Autodesk AutoCAD, JIIPA-CAIIP ma in.,) TOCTPHUSIA ONTHMI3aIlil CTAICBOTO
OyniBHHLTBA. 3 THX Mip HAPOIIEHHS BUKOPUCTAHHS METAIEBUX KOHCTPYKIIH Yy
Cy4acHOMY OYIiBHHUIITBI 3pOCIIO B 2 pa3u OCTaHHI 3 POKH MOCIILIb.

BucHoBku

1. BuKOpHCTaHHS METaJIeBHX KOHCTPYKIIHA MpH OYIIBHUNTBI JOMOMArae
OyayBaTH B OCOOJNMBO TSDKKMX KIIMATHYHHX YMOBaxX 1 CKIAJHOMY penbedi
MICIIeBOCTI. 3IHCHIOBAaTH TOYKOBY 3a0yIOBY B HACEICHUX paliOHAX.

2. IuBectuuii y OyJiBHHIITBO 3 BUKOPHUCTaHHSAM METAJIEBHX KOHCTPYKIIH
LIBHUIKO OKYTAIOTHCS 1 IPUHOCITH €EKOHOMIUHE 3pOCTAaHHSI He JnIIe Oy iBebHIN
rayry3i, ajie f eKOHOMIIII KpaiHU B IIJIOMY.

3. 3acTocyBaHHS METAJOKOHCTPYKIIH B MPOMHUCIOBOMY, KOMEPLiHHOMY
Ta )KATJIOBOMY OYIIBHHUIITBI Ma€ 3HAYHUI TOTEHITia.

4. CraneBi METAJIOKOHCTPYKIIi 0€30raHHO BiAIOBIAAIOTH AyXY Cy4acHOL
apxiTeKTypu. Y KOMIUIEKCI 3 EKOJIOTIUHICTIO 1 HEBHCOKOIO COOIBapTICTIO Iie
poouTh iX 3aTpeOyBaHUMH 1 TEPCHEKTUBHUMH.
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KOMIT'FOTEPHUI AHAJII3 TOBEJAIHKA
CTPYKTYPHO-HEOJHOPITHUX MATEPIAJIIB

COMPUTER ANALYSIS OF BEHAVIOR OF HETEROGENEOUS
MATERIALS

Tynamsini FO.M., amenn., mpodecop, Komemox B.A., K.T.H
(JIyubkuii HamioHaJbHHI TeXHIYHUIA yHiBepcuTeT, M. JIylIbK)

Tulashvili Y.Y., Doctor of Pedagogic, Professor, Koshelyuk V. A.,
Ph.D., (Lutsk National Technical University, Lutsk)

Y emammi posensoaromuvcs ocobrusocmi 3acmocysanus memooie Komn 1omepHoi
00pOOKU eKCnepUMEeHMAanbHUX OAHUX, BUKOPUCAHHS Memo0y MOOeN08aHHSA NO8EOTHKU
CMPYKMYPHO-HeOOHOPIOHUX MAMEPIANi8 nio OI€i0 HAGAHMAICEHHS. MA MEMNEPAMYPHO20
BNIUBY 8 MEeNCAX 3a0aui MenIonpoGiOHOCMI 0N UMOBIPHICHOI OYIHKU 3ANUUKOBO20
pecypcy npu 6MOMHOMY PYUHY8AHHI KOHCIPYKYII.

The article discusses the features of the application of methods of computer
processing of experimental data, the use of a method for modeling the behavior of
structurally inhomogeneous materials under the action of load and temperature exposure
within the thermal conductivity problem for the probabilistic assessment of the residual
life and fatigue failure of structures.

For solving the problems of thermoelasticity for structurally heterogeneous
anisotropic elements modified quarter-point finite elements are developed on the basis of
the varia-tional relations of heat conductivity and thermoelasticity problems.

The main result of this work was the creation of a computer system for analyzing
the behavior of structurally inhomogeneous materials, which is realized by processing
experimental data on the mechanical properties of products made of powder materials.
Based on mathematical modeling of their deformation processes in order to study the
deformation and strength properties of structurally inhomogeneous materials,
viscoelastic solids in the field of loads close to their operating conditions, based on
mathematical modeling of deformation processes.

There are developed software for computer analysis and for finite-element analysis
of the composite bodies with cracks, which allow producing fast and reliable analysis of
strength of structural elements from composite materials, and allows development of
mathematical models of real products, changing the design without experiments, perform
simulation of investigated structural elements accounting for different physics processes
and properties, their geometry, properties of materials, operational and other
characteristics.

During the calculation are the major statistical indicators such as arithmetic mean,
mean square, expectation, variance, relative measurement error and so on.
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Kniouosi crosa: KOMIT'TOTEpHHI aHAI3, pO3paxyHOK, Aedopmamnii, HampyKeHHS,
CTPYKTYPHO-HEOXHOPIJHI MaTepiany.

Keywords: computer analysis, calculation, deformations, tension, heterogeneous
materials.

VY IOoCKOHaNEHHS METOMIB PO3PaXyHKOBOTO NPOTHO3YBAHHS HAaIPy>KCHO-
neOopMOBaHMX  CTaHIB  CTPYKTYPHO-HEOJHOPIAHWX  MaTepianiB,  IIo
BHKOPUCTOBYIOTBCSA y DPI3HHX Taly3sSX HMPOMHCIOBOCTI, pO3poOKa HYHCEIFHUX
METOIIB PO3paxyHKy IedopMamiiHIX TPOIECiB i Ha iX OCHOBI CTBOPEHHS
KOMIT'FOTEPHUX MNpOrpaM HEPO3PHBHO IMOB’S3aHO 3 BUPIIICHHSM 3aBIaHb 13
MOPIBHAUILHOTO ~ aHaJi3y  BIACTMBOCTEH  MaTepiamiB,  JOCIiIKCHHIMU
B33a€MO3B’SI3KY BJIACTHBOCTEH 31 CTPYKTYpOIO, POTHO3yBaHHAM KOPOTKOYaCHUX
1 TPUBAJIMX MEXaHIYHUX HABAHTAXKEHb.

Komm’roTepHe MOJEMIOBaHHS HEBiJ'€MHE MpH pPo3polii edeKTHBHUX
MiAXOAIB IO MaTeMaTHYHOTO MOJETIOBAHHS IPOLECIB, IO BHHHUKAIOTH Y
CTPYKTYpPHO-HEOJHOPIMHUX MaTepiajax 3a yMOB BHIIAJKOBOI CTPYKTypH. Sk
HACIIIOK, TOOYZ0Ba METOMIB PO3B’A3YBaHH BiIMOBIMTHUX KOHTaKTHO-KPAaHOBUX
3aJad  TEIUIONPOBIMHOCTI Ui CTPYKTYpHO-HEOJHOPITHUX MaTepiamiB  Ta
mo0OyI0Ba aNrOpUTMIB AN KIIBKICHOTO IOCHIMKEHHS 3rajlaHiX MpOIECiB €
OJIHMM i3 aKTyaJIbHUX MUTaHb MAaTEMaTHYHOT'O MO/ICITIOBAHHS.

AHaJni3 ocTaHHIX J0CTiTAKeHb

MaremaTiyHe KOMIT FOTEpPHE MOJICIIIOBAHHS CTaJ0 TOJIOBHUM 3ac000M
JOCII/DKEHHSI CKJIQJIHUX MPOLECIB 1 CHCTEM, Ha SIKOMY 0a3ylOThCs CydacHi
IIIXO/IM /IO MTPOEKTYBaHHSI, ONTHMI3allil Ta YIPaBIiHHS B PI3HUX rajy3sX HAyKU
i TexHiku [1].

VY cydacHHX JOCIHI/DKEHHSX, MPUCBSYEHNX OCOOJIMBOCTSIM 3aCTOCYBaHHS
KOMIT'FOTEPHOTO MOJIETIIOBAHHS TIPH TIPOSKTYBaHHI KOHCTPYKILIiH, MammH i
MEXaHi3MiB, HATOJIOITY€THCS Ha 0araToCcTymiH4acTOCTi mporecy
MaTeMaTHYHOTO, YHCEJIBHOTO 1 KOMIT'IOTEPHOTO MOJETIOBAHHS Yy TIpoOIeci
CTBOPEHHSI IPOTOTHUILY, HOTO KOMII'IOTEPHOTO TECTYBAaHHS IIOAO IOBEMIHKH
€JIEMEHTIB KOHCTPYKHii B yMoBax ekciuryaramii. CydacHe KOMIT FOTEpHE
MOJICIIFOBaHHS 1a€ 3MOT'Y IPOBECTH BECH MPOLIEC Y BIpTyaJbHOMY HpOCTOpi Oe3
GbisnaHOi MOOYIOBH BiAMOBIIHOT MEXaHiYHOI cuctemu [2].

Mertorw pobotu € moOyqoBa Ta peaiisailisi CTPYKTYpPH HIPOTPaMHOTO
3a0e3neueHHs s KOMIT IOTEPHOTO  aHali3y IOBEOIHKH CTPYKTYpHO-
HEOTHOPITHUX MarepiaiiB, M0 mepedyBaloTh B yMOBax CyMicHOI mii
MEXaHIYHUX Ta TeTJIOBMX HABAaHTAKEHb.

Metoanka aHaJIi3y Ta pO3paxXyHKiB

OnHMM i3 HanpsIMKIB OLIHKH BIUIMBY HaINpy>K€HO-Ie(OPMOBAHOTO CTaHY
Ha TOBEIIHKY CTPYKTYpPHO-HEOJHODPIJHHX MaTepiajiB, SKUMH € TIOPHUCTI
MOPOIIKOBI Marepiaiy, € 3acTOCYBaHHS KPHUTEpil0 IUIACTUYHOCTI, SIKHH
3aIpOIIOHOBAHMMH PSAIOM JOCHIAHUKIB [3, 4] y BUMIIA enincoixy oOepTaHHs.
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OsHaveHi kpuTepii y Tidl um iHOIiH GopMi BU3HAYAIOThH BIUTMB HA MEXaHIUHI
xapaxtepuctuky nepmoro |' Ta apyroro | imBapiaHTi TeH30pa HampysKeHs.
VY 3aranbHOMY KpUTEPil TNIACTHYHOCTI MA€ BUIIIS;

2 2
f =0 +ach — o =0 ()
AHAaIOTIYHO 10 TeOpil MPYXHO-TIACTUIHUX JeopMariil poOuThCs
HPHUITYIIEHHS, 1110
Ooxs = | (8€K6) @

1 HE 3JIC)KUTH Bijl HAIIPY)KEHOTO CTaHY Ta TIOPUCTOCTI.

Y TEeXHOJIOTIYHHMX Hpolecax OOpOOKM THCKOM IOPHCTHX MartepiaiiB
OCHOBHHMH XapaKTEPUCTHKAMH € TPAaHHUIA TeKYJIOCTi Oy,, 3MiHa MMOPUCTOCTI A6
Ta MakCHMalbHa BiHOCHa AeQopMallii Marepiany &, fAKy 3a aHAIOTI€0 3
KOMITaKTHAMH MaTepialaMi MOKHa BU3HAYUTH PECYPCOM IUTACTHIHOCTI Y.

BaxnuBoro XapaKTEpUCTUKOK € TpPaHML MIOHOCTI  CTPYKTYPHO-
HEOJIHOPITHOrO Matepiairy, To0To Aedopmalis pyHHYBaHHA &,.

Amnanizyroun kputepii (1-2), MOXKHa 3ayBa)KUTH, 110 BCI BOHM BMILIYIOTh
napamerp, SKuil Bu3Hauae J1e()OPMOBAHUI CTaH METalIeBOI MATPHIl MOPHCTOTO
Marepiany y BUTJISI 3MIHM €KBiBaJIEHTHUX Jie(OpMalliid.

Po3paxyHOK ekBiBaJIeHTHHX AedopMariidl MOB’sS3aHUH 13 MPUMYIICHHIM
PO €AWHY KpUBY JAe(OpPMyBaHHS 1 BHUIIMBAE 3 BHU3HAUYCHHS 3MIIHEHHS
Marepialry OCHOBH 3a JOIIOMOTOI0 Teopil IUIACTUYHOCTI, SKa IHTEPIPETYE
MTOBEPXHIO TUIACTHYHOCT] Y BUTIIAAI €IICOiny 00epTaHHS.

Tak, O. M. JlanTeBUM 3ampOIIOHOBAHO pPO3PAXOBYBATH EKBiBaJICHTHI
HANpy)XEHHs 1 eKBiBaJIeHTHI aedopmallii B Takuii crocio [4]:

Oue = \/lﬁ\/; [(0'1_0'2)2 +(O'z _53)2 +(53 _0'1)2] +0‘(0'1 +0, +O'3)2 ®)
1 2 1
ge,%, = m 6[(81 —gz)z + (82 _83)2 -I—(ES —51)2] +£(gl +82 + 33)2 (4)

[MpoBeneni mocmiKeHHs TMOJSTaqyd B €KCIEpUMEHTAIbHOMY BH3HAYCHHI
BIUIMBY ~ CTaTM4YHO  TPHUKJIAJAEHOTO HABAaHTAXEHHS Ha  jaedopMariifHi
XapaKTEePUCTUKHU PYHHYBaHHS IMOPUCTOTO MTOPOIIKOBOTO MaTepiainy.

BHacniok TOro, mo MoJeNb eINNCcoixy He JOCTaTHhO TOYHO OITHCYE
Ipolec 3MIIHEHHS IOPUCTOr0 MaTepialy B yMOBaX PO3BHHEHOI IIACTHYHOT
nedopmariii, MOXXHA 3pOOMTH BUCHOBOK, IO KPUTEPiH pyHHYBaHHS HOPHCTOTO
Marepially MMOBHHEH BpPaxOBYBaTH He JUINE 3MIIIHEHHS METaJIeBOi MAaTpPHIIi
3HAYCHHSAM EKBIBAJICHTHHUX HANpyXeHb Ta AedopMaliiif, a me BpaxOBYBaTH
nedopMalliiHy XapakTEepHCTHKY, SKa Moria O OIHUTH HAKOTHYEHHS
BHYTPIIIHIX MOIIKO/PKEHb Yy Marepialli-OoCHOBI MpH  pi3HUX yMOBax
nepopMyBaHHS.

Jnst 1poro MpONOHYETHCS 3aCTOCYBATH IIPHHIMII CYTNEPIIO3HLII TpH
BpaxyBaHHI JedopmoBaHoro cra"y Marepianmy. Pecypc rmmacTHdHOCTI
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TIOPUCTOTO MaTrepialy MpH XOJOoJHOMY ne(opMyBaHHI 3 OUIBIIOI TOYHICTIO
MO>KHA OI[IHUTH 3aJICXKHICTIO:

B Eas Ey d ge,«; d gv

E o (’70 ' po) &l (770 ' Po)

Kpurepiit (5) mepmoio CKIagoBOIO BpaxoOBYe BIUIUB HAKOIHYCHHS
TIOIIKO/KEHb Y METaJIeBiil MaTPHIIi, IPYTOI0 BIUIMB 3MiHU ITOPUCTOI CTPYKTYPH
Ha pecypc IIaCTHIHOCTI.

Jis OILIHKK TOBEMIHKH CTPYKTYPHO-HEOTHOPIAHMX MaTepiamiB Mix dac
eKCIUTyaTaIlii B eJleMEeHTaX KOHCTPYKIii 3aCTOCOBYIOTBCS 3arajbHi YHCIOBI
MiIXOAW pO3B’S3yBaHHs 3ajad TEIUIONPOBIAHOCTI W TEPMONPYKHOCTI ISt
MIOPUCTHX CTPYKTYPHO-HEOTHOPIJHUX MaTepiajiB, IO MalOTh AePeKTH y GopMi
TpIIMHY, 3  ypaxyBaHHAM  CIHIBBIJHOIICHb  TEIUIONPOBIAHOCTI W
TEPMOIIPY>KHOCTI, 1[0 Ja€ MOJMIIMBICTh PO3PaxyHKY OCHOBHHX IapaMeTpiB
MEXaHIKH pyHHYBaHHS y MpPEACTAaBICHHAX BapialliilHUX CIIiBBiAHOLICHBb
CKiHYCHO-CJIEMEHTHOTO aHami3y [5].

Jlns BU3HA4YCHHS HANpyXeHO-Ie(OPMOBAHOIO CTaHY B OKOJI BEpIIMHH
TPIIMHE Ta PO3PaxXyHKY IIapaMeTpiB TPIIUHOCTIMKOCTI KOHCTPYKIIHHMX
CTPYKTYPHO-HEOJHOPi THUX MarepiaiiB 3aCTOCOBYETHCS PO3paxyHOK
CHUHTYJISIPHUX TOJIB HampyXeHb. [Ipu moOymoBi po3B’s3KiB 3a1a4 MeXaHIKH
pyiHyBaHHS BHKOPHCTAHO iCHYFOUI METOIU Ta MOJEINI, cepell SIKHX OCOOIUBY
yBary Oyio npuzaiieHo mozen ['pudirca, konnenii Ipsina — OpoBaHa, Mojei
JleonoBa — Ilanacioka — Jlaraeiina.

st knacy 3aad po3paxyHKy MOJENi KpPYrJoi IJIACTHHKU 31 CTPYKTYPHO-
HEOJIHOPIHOTO Marepiany, Jie mapaMeTp CTPYKTYpPHOI HEOJHODIJHOCTI €
3MIHHHM I10 TOBILHHI h, 3aCTOCOBYEMO pO3paxyHOK Koedili€HTy IHTeHCUBHOCTI
Hanpyxenb (KIH) i3 Bukopucranusm J — iHTerpany. [jiss TOYHOTO pO3paxyHKy
J — iHTerpany BUKOPHUCTOBYEMO BiananeHi KOHTYpH. THITOBa OIiHKa KOHTYPHHUX
IHTETpaTiB y pO3paxyHKaxX € JOCTaTHhO TPOMi3NKOr0. Tomy BHOIp KOHTYpPY
3IIACHIOEMO Kpi3bh TOUKH ['ayca, e ouikyBaHI HANPYXEHHS OyLyThb HaHOLIBII
TOYHUMH. [IJisl YCYHEHHS LIBOTO HEHOJIKY CKOPHUCTAEMOCS MPEICTaBICHHAM
JHIHHO — iHTeTpaidbHOI (hopMU J — IHTETpay Y BHIILLII iHTErpaiy mo o0iacTi.
I'manka ckamsapHa ¢yHKIiE ( B oOMexeHid oOmacti S, =S,+S,+S_—S

<1 %)

HAJICXKHUTH JI0 KOHTYPY S Ta MEePETBOPIOETHCS HA HYJIb U Sp. TOJIi 3aJIeKHICT
JUTS pO3paxyHKy J — iHTerpany HaOyBae BUTTLNY:
J= J' aua——W5 jaq dA- [ o au' mzqu, (6)
S, +S_

[Ipu BUTOTOBIIEHHI €l1EMEHTIB KOHCTPYKIIH 3i CprKTypHO-HGO]IHOpiJIHI/IX
MaTepiaiB BaXKJIMBHM MOMEHTOM € aHajdi3 MapaMeTpiB, sKi BIIMBAIOTH HA iX
TPIMUHOCTINKICT. UHMcenpbHUH pO3paxyHOK IapaMeTpiB BHUPOOIB i3 MOPHUCTHX
MIOPOIIKOBUX MaTepiaiiB MpH Pi3HUX 3HAYCHHAX BEIUYMHU IOMIMPEHHS
TPIIIMHA JO3BOJISAE BUSBUTH 3HAUEHHS MakcuMaiibHO gocTynHux KIH.
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3amexHicth (6) 3acTocoByeThest st po3paxynky KIH kpaiioBoi TpimmaH
CTPYKTYpPHO-HEOJHOPIIHOT  130JII0I0Y0T  BTYJNKHM JUIl YCTAHOBKH CHCTEMH
BEHTWIALIT TArOBOTO JIBUTYHA €JIEKTPOMEXaHIYHOro oONajHaHHS TPOJICHOYCIiB
Ipu WMOBIPHICHIM OIIHII HOro 3alUIIKOBOTO pEeCypcy IPH BTOMHOMY
pYHHYBaHH.

Peanizauisi koM’ l0TEepHOI cCCTEMHU

[IporpamMHy peaiizalit0 KOMIT'IOTEPHOI CHUCTEMH aHaji3y MOBEIIHKU
CTPYKTYPHO-HEOTHOPIIHUX MaTepialliB MoOyI0BaHO 32 MOAYJIEHUM NPHUHIATIOM
(puc.1).

IMIpomec  0oOpaxyHKy  CTaTUCTHYHHX  XapakTEPUCTHK  YBEICHUX
eKCIePUMEHTAIPHUX JaHUX I OOpaxyHKYy 3HIMCHIOETBCS B  MOMYII
«CratucTnaaoi 00poOKH JaHUX». Y Tpoleci 0OpaxyHKY 3HAXOAATHCS OCHOBHI
CTaTUCTUYHI TOKa3HWKH Taki, SK: CepelHe apupMETHYHE, CEpeIHE
KBajZlpaTU4He, MaTeMaTH4YHE OYiKyBaHHS, IUCIIEpCis, cepexHboapudMeTnaHe
3HAUEHHs  CEPeJIHbOKBAJAPATUYHOTO  BIAXHWICHHS,  BiJHOCHa  MOXHOKa
BUMipIOBaHb TOIIO (puc. 2). Ha npomy eTarmi Takox 31HCHIOEThCS MepeBipKa 3a
KpHUTEpiEM TPYOHMX MOMMJIOK, SIKIIO NPH LBOMY 3HAXOJSTHCS 3HAYCHHS, SKi
BUXOJISITh 32 PO3PAaXyHKOBI MEXi, TO KOPUCTYBa4yeBi BHIAETHCS MOBIIOMIICHHS
PO 1ie 1 NPOIOHYEThCS BUAAIUTH Liei 3amuc abo MpOJIOBKYBATH PO3PaXyHOK
Jai.

MOJVIL
3ABAHTARCHHA
BHE¢/I¢HHSA
JAHHX
b
MOIY b
CratHcTIFHOL
odpodrn
JIAHHX
MOIVIE MOIVIIE
Tlomepe it AT oK CHMAIIA
po3paxyHoR HATPYEeHL
HANPYREHE i xedopmamiit
|
MOIVIE MOIVIE
ERBiBATeHTH Pozmoain
HATPY/ReHHA HOPMAJIBHHAX
e popmanii HAOpY:KeHb

Puc. 1. CtpykTypa KOMII'IOTEpPHOT CHCTEMH aHaJi3y MOBEAIHKH CTPYKTYPHO-

HEOJHOPITHUX MaTepiatiB
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Po3paxyHOK KpuTepilo HampyKeHO-Ae(hOpMOBAHOTO CTaHy CTPYKTYPHO-
HEOJTHOPITHOTO MaTepiaity 3iCHIOEThCS 3a TPU KPOKH (puc. 3):

Kpok 1: Po3paxoByrOTbCs MHpHUPICT pamialbHOI 1 OCHOBOI IUIACTHYHOT
nedopmaii g, , &, ; HAPYKEHHs MaTePiany 3paska ¢, ; 3AIEKHO Bill HAPIMKY
neopMyBaHHS  pPO3paxOBYIOTbCS ~ OCEBI  HampyKeHHs Ta jaedopmarii

. b . . .
0,,0,,03,8,&,,&; 0o0’eMHa nedopmanis Marepialy &,; HOpPMambHa Ta
JOTUYHA CKIIa0Ba HATIPYKEHDb O, T -

Kpok 2: IIpoBoauMO eKCTpamosisilil0 3HAa4eHb HAIPYXEHHS MaTepiaily
3pa3Kka, B pE3yNbTaTi 4Oro 3HAXOJMMO 3HAYCHHS 3MIIHEHHS Martepialy 3
nopucticTio ¢ =0, BU3HaYa€MO 3HAUECHHS QYHKLIH O Ta f3.

Kpox 3: Maroun 35a4eHHs QYHKIIH & Ta f3, pO3paxOBye€MO CKBiBAIICHTHi

HaTpy>KEeHHSI Ta €KBIBaJICHTHI JeopMarii.

Kpim TOTO, B mpoOlleci po3paxyHKiB Oyayemo rpadidHi 3aMeXHOCTI,
BUIMMICTIO SIKUX MH MOXKEMO MAHIMyJIOBATH HATHCKAHHSAM Ha BIAMOBIIHI
KHOIIKH.

Cropinka ‘“Pesymbraté pospaxyHkiB”. Ha mili cropiHui posramioBaHa
TaOUIsL, 70 SIKOT 3aHOCATRLCS JIaHi, 10 PO3PaXOBYBAIUCH Y CUCTEMI (pHUC.4).

Mogayne “Po3nojiin HOpMallbHUX HampyKeHb” peaitizye pospaxyHok KIH
KpaloBOl TPINIMHU 130JII0I0Y0I BTYJIKU JAJs YCTAHOBKM CHUCTEMH BEHTHIIALIT
TACOBOTO JIBUTYHA EIEKTPOMEXAaHIYHOTO OOJaJHAHHSI TPOJICHOYCiB Ipu
HMOBIpHICHIN OLIHII HOTO 3aJIUIITKOBOTO PECypCy MpH BTOMHOMY PYIHHYBaHHI.

| % nporp P AaHux - o X
®ain Peaarysan Mpo nporpasty
TMoTouHe 3Ha4YeHHR NOPUCTOCTI ANA AaHX: [MopyeTicTs N 1 -
Cramvcrinwse onpawoears | Mpagied sanexmocti | Pesymsraru pospaxgce |
Num [Tysk [zusyt [Diam [Visoa Ao E A oTpuma Ha CTHCK

10 0 100 1508 e
N 20 2315 100805 147985 | am IPH = OGpaxysari ‘ |
N 30 %2 101538 1458696 Cepenruoapummeriiere raverm |
N a0 6345 1016346 145539 | Cepeane 12926.50 seoro v 2496 01|

50 251 102055 |14 48851 Covaresupmien: SB45  Kooatior sxios 429?23& [
— e ineKicTs: 2 MOBIpHCHIE HTepean |
L Ll TIS78:  (Q2N007- 142065 Rcaass 2662500 Lificwe swavereen evesponares 12926 50+4432
H 710 13091 NOZ611: 1133066 Misinaga 000 Biawocwanowdna swiposare . 1204008
L] 80 16206 102397 134939 Maremaminese ouxysan 123265000 [ycnepcis 74761118
Il 30 1852 103661 130755 "
i 100 20877 1040414 1243808
] no 24310 1047164 11.90459
B 10 0 004 1501

I ] [ ] [ S e 0

Bapimisomnl]  Heperrw | Owenunom |

] 5000 10 000 15 000 20 000
I'paciuma inmepnpemauin cmamucmusHux danux

\
'

Puc. 2. CropiHka MOIyIIs CTATUCTHYHOI 0OpOOKH BXiTHUX JaHUX
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Mporpama 06po6Ku eKCNEepUMEHTanbHUX AaHUX
Pain Penarysatu [po nporpamy

MoTo4He 3HaYeHHA MOPUCTOCTI ANA JaHNX: [I‘lopmcncw Ne 3 :J
o Tpagivi i| P o
1) MonepeaHik po3paxyHok G-
HanpyxeHb Ta ne@opMaLlin: 2 /\ :

300
260
BukoHatu 20
240
220
2) Anpokcumallis 200
HanpyxeHb Ta AeOopMaLlif: :2
140
120
BukoHaTy 100
80
60
40

3) KiHueBui po3paxyHOK eKBiBaneHTHUX 04 035 03 025 02 015 01 005 |,

HarpyxeHb Ta neqopMaLlin: S
MokasaTu 3anexHocTi:
Go-
BukoHaTy b J c02-Q _j a,B-Q J
Oz-Ez l:l O ekB-EexB _l

Puc. 3. Cropinka MoayJist 00paxyHKY 3a KPHTEPieEM HANPYKEHO-
Je(OPMOBAHOTO CTaHy

Tporpama 06poGKH EKCNEPHMEHTAALHHE AaHHR [_[21x]
Pain Peparysati  Mpo nporpary

MoTo4He 3Ha4eHHA NOPUCTOCTI ANA OaHKX: Il'lOpVICT\CTb he 1 j
C or | Fpasiwi PBaYNLTaTH POSRERUHKE |

MopucTicTs 1: N 6z |Ez |ﬁn |Ev |alla |heta |ﬁeKE |Ee><s
Do=10,01 1 325343083 0.01508520! 103443361, 0,01508522F 043933300 5 443530705 17.23602994 0,000737602
Lo=15 2 6543003535 0,01 744663 -21 8100117 0,021 039665 0,35764523= 19 56726474 17,23602994 0,000436724
3 9743043647 0.02472378: 32 4769121, 0035562740 0,227670034 29.2344131 ¢ 17.23602994 0,00062537€
MopmeTicTs 2: 4 129,653099C 0,0327201 7} 4321769961 0045537431 0,25272488¢ 70,88080621 17,23602994 0,00057 7445
Do=10.03 5 161,3975465 -0.04115315!-52.39918211 0,0545001 86 0,290786174 114.0241122 17.23602994 0,00052632¢
_ 5 192,7485745 005505262 -64,2435248] 007631 078E 0,251 542940 1565141564 17,23602994 0,000646834
Lo=14.89 7 222,086250¢ 0.07574332 74 01287502 0,110079007 0,222837727 203 0234337 17.23602934 0,000430747
MopucTicTh 3: E 2537480847 0. 10883765 -B4 5626947 0143422041 0294352507 260 532791 17.23602994 0.00084278
Do=9,95 E 2726093675 0,12033061!-32 20312911 0135306484 0,23343307C 325 33001 0¢ 17.23602994 0,001053475
Lo= 14.815 10 2968551 21E -0.1631 0576 -98.951 7072 02324811 85C 0.236337704 36691 2443€ 17.23602994 0.001218794
’ 1 325, 3962662 0, 18986933 108 320951 0,291 570021 0,1 791 (8447 421, 535323 17, 23602954 0,001567814

Puc. 4. Cropinka “Pe3ynbraTti po3paxyHkis”
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S, Mises

(Avg: 75%)
+2.831e+405
+2.600e+05
+2.369e+05
+2.138e+05
+1.907e+05
+1.676e+05
+1.445e+05
+1.214e+05
+9.826e+04
+7.515e+04
+5.204e+04
+2.893e+04
+5.822e+03

Puc 5. PesynbraT po3paxyHKy po3MOIiTy HOpMAJIbHIX HANPYKECHb
130JIF0F0Y01 BTYJIKM B YMOBAaX 3MillIAHOTO HABAHTAKCHHS

BucHoBkH

FonoBHUM  pe3yiabTaToM  mHpoBeleHOi  pobGoTH  Oyllo  CTBOpPEHHS
KOMIT'FOTEPHOI ~ CHCTEMH aHalidy IIOBEJIHKH CTPYKTYpPHO-HEOIHOPIIHUX
MaTepialiiB, IO Peali3yeThCsl IUIIXOM OOPOOKH MOCTIIHUX JaHUX MEXaHIYHUX
BJIACTHBOCTEH BHPOOIB 13 MOPHCTHX MOPOIIKOBHX MarepianiB. Ha ocHOBI
MaTeMaTHYHOTO MOJACIIOBAHHS iX Ae(OpMaLiifHUX MPOLECiB 3 METOK BHBUCHHS
neopMamifHUX Ta MIOHICHUX BIACTUBOCTEH CTPYKTYPHO-HEOJTHOPITHUX
MaTepialiB, B I3KOIPY>KHUX TBEPAUX TiJl B 001aCTi Hil HABaHTa)KEHB, OJM3BKUX
JI0 YMOB 1X eKCIUTyaTalil, HA OCHOBI MaTeMaTHYHOIO MOJCIIOBAHHS IPOLECIB
nedopmarii.

Jlist CTBOpEHHSI KOMIT IOTEPHOI CHCTEMHU aHaji3y MOBEAIHKH CTPYKTYPHO-
HEOJHOPIMHUX MarepiayiB  OyJi0O 3almpOINOHOBAHO METOJAUKY YHCJIOBOTO
BUBYEHHS TEPMOHANPYKEHOI'O CTaHy CTPYKTYPHO-HEOIHOPITHHUX TiJ1 HA OCHOBI
o0yZI0BaHUX HOBHX CXEM CKIHYEHHO-EJIEMEHTHOTO aHalli3y TePMOMEXaHIuHUX
MOJIB; PpO3pPOOJICHO  aJrOpUTM  PO3B’SI3yBaHHS 3aJady  TEPMOIPYNKHOCTI
KOMIO3WUTHHUX IUIACTHH Ta IWIIHIPIB HA OCHOBI BapiallifHWX NPUHIIMIIB Ta
MO (DIKOBaHMX CKIHUEHHHUX €JIEMEHTIB; po3po0seHo Mon(piKoBaHi crienianbHi
CKIHUEHHI €JIEMEHTH JJIsI BACOKOTOYHOTO OOYMCIICHHS MapaMeTpiB pyHHYBaHHS
CTPYKTYPHO-HEOHOPITHUX MaTepiajiB i3 TPIIIMHAMH.

IIpoBeneHO KOMIT'IOTEpHE MOJENIOBAHHSI Ta NPOTHO3YBAHHSA IOBEHIHKH
MaTepianiB Ha IPOrpaMHOMY 3a0€3ICUeHHI.
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3BLIBIIEHHS 3YEMUIEHHSA BETOHY 31 CKJIOKOMITIO3UTHOIO
APMATYPOIO 3A PAXYHOK HOKPUTTS CIIELIAJIbHUMM
PEYOBUHAMM, IK BAPIAHT ONITUMI3ALII BAPOBHUYOI BA3H
BYJIIBHULITBA

INCREASE OF ADHESION OF CONCRETE WITH FIBERGLASS
REINFORCEMENTS BY USING THE COATING WITH SPECIAL
SUBSTANCES, AS OPTIMIZATION OF CONSTRUCTION INDUSTRY

Yamwk 0.C,, K.T.H., JI01l., I'pumxoBa A.B., acIl.,
Kucimwox A.5., k.T.H.,, jgou., IMaxomwoxk O.A., K.T.H., g0l., (Jyubkui
HaliOHAJbLHUI TexHiYHMIl yHiBepcuTeT, M. Jlyubk), ®ininuyk C.B., k.T.H.,
JIOII., (HauioHanbHuii  yHiBepcUTeT  BOJAHOIO0  rocHmoJapcTBa  Ta
NPUPOJOKOPUCTYBaHHSA, M. PiBHe)

Chapiuk O., Ph.D. in Engineering, Associate Professor, Grishkova A.,
postgraduate student, Kysliuk D., Ph.D. in Engineering, Associate
Professor, Pakholiuk O., Ph.D. in Engineering, Associate Professor (Lutsk
National Technical University, Lutsk), Filipchuk S., Ph.D. in Engineering,
Associate Professor (National university of water management and nature
resources use, Rivne)

Hocnidoiceno enaug nokpumms CKIOKOMNOZUMHUX CMEPACHIE 60008iOUMOBXY-
sanvrolo  komnosuyicio «CILIOJI®y»  ykpaincvkoeo 6upobHuymea Ha 34enjienHs
apmamypu 3 6emoHom 015 onmumisayii upooHuyoi 6azu 6ydienuymea. Ilpu noxkpummi
HUM  CKIOKOMRO3UMHOI — apmamypu  ma  30LIbUWEeHHI  O06JCUHU — AHKEPYSAHHS,
30IIbULYEMbCSL | 2paHUYHe HAnpysceHHst 6 cmepoichsx. Hanpyowenns memanesux
cmepoicHie  dewjo  Oinblie, HIdIC Y 3paA3KAX 3 KOMRO3UMHOK apmMamypoio, die npu
0680pA3060MY NOKPUMMI CUMYAYIsi 3MIHIOEMbCSL HA KOPUCMb CKAONAACUKY.

The construction industry consists of many components, but the most important of
them is the production and use of reinforced concrete. Recently, the use of composite
concrete is increasingly observed in facilities where the use of non-metallic
reinforcement is more appropriate: road, hydraulic, tunnel construction and residential
and public, where there is no fire hazard. One of the disadvantages of fiberglass
reinforcement is low water absorption, which can adversely affect the strength and
durability of structures. There are a wide range of water-repellent materials at
Ukrainian markets, but the most famous Ukrainian invention is the composition
"SILOL®". It is a liquid composition, which is most often applied to the surface of road
structures and for impregnation of concrete, reinforced concrete, brick to give them
water-repellent properties. After processing, the materials become much more resistant
to water and various solutions, frost resistance and durability. The solution penetrates to
a considerable depth of 2-8 mm and turns into an elastic resin, which gives water-
repellent properties of materials. As a result of covering of composite rods with this
material, they got weather resistance, durability and high resistance to water and salt

121



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

solutions, frost. The research was to investigate the influence of the covering of
composite fiberglass reinforcing bars with the material "SILOL®" on the adhesion with
a concrete. When it covers the fiberglass reinforcement and increases the length of the
anchoring, the maximum stress in the rods also increases. The stress of metal rods is
slightly higher than in samples with composite reinforcement, but with double coating
changes the situation for fiberglass advantage. In samples with a longer anchoring
length (10d and 15d), the strength of samples with double-coated composite
reinforcement is higher by 1.7% and 7.3% compared to samples with metal rods.

Kniouosa cnosa: cxnoxomnosumua apmamypa, AKC800, A500C, knac OGemony
C12/15, so0ogiouwmosxysanvha komnosuyis « CIZIOJI®y, 3uennenns, bemonna npusma,
nonepeunuil nepepis, supodbHuua basa 6yOieHuYmaa.

Keywords: fiberglass reinforcement, AKC800, A500C, concrete C12/15, water
resistant composition "SILOL®", adhesion, anchoring length, construction industry.

Beryn. BupoOHnua 0a3a OymiBHMIITBA CKIAJA€ThCsi 3 0araTbox
CKJIaJIOBHX, alleé HAWrOJIOBHILIOW 3 HHUX € BUPOOHMITBO Ta BUKOPHCTaHHS
3ami300eToHy. OCTaHHIM 9acoM BCE YACTIIE CIOCTEPIraeTbCs BHUKOPHCTAHHS
KOMITO3UTOOETOHY B O0’€KTaxX, /€ 3aCTOCYBaHHS HEMETAIEBOi apMaTypu €
JOLUTBHIMIAM: JOPOXHE, TIAPOTEXHIYHE, TyHEIbHE OYIIBHHUIITBO Ta XHUTJIOBE 1
IPOMAJIChKE, Ie HEMAe MOXKEeKHOI Hebe3neku (hyHnaMeHTH, 6aceiiHu TOIIO).

IMocTtanoBka mpodiemMu Ta 3amadi gociaimkenns. OTHUM 3 HEIOMIKIB
CKJIOIIACTHKOBOI apMaTypH € He3HAYHE BOJONOTIMHAHHS, 110 MOYKE HETaTHBHO
BIUIMBATH Ha MILHICTB Ta JOBrOBIUHICTh KOHCTPYKILiH. Ha OyniBensHOMY pUHKY
MPE/CTABICHO JOCUTh IUPOKUI BUOIp BOAOBIAIITOBXYBAILHUX MaTepiajiB, aje
HaWBIJIOMIIIMM YKpaiHChbKMM BHHaxojnoM € komnosulii «CIJIOJI®». B
pe3ynbTati 00pOoOKH KOMIIO3UTHUX CTEPIKHIB UM MaTepialloM BOHU Ha0yBarOTh
OuTBITy aTMOC(HEPOCTIHKICTh, TOBrOBIUHICTh, CTIMKICTH 70 il BOAX 1 PO3YMHIB
cojedd. Y poOori Oyno MOCTaBIEHO 3ajady JOCTIJUTH BIUIMB TTOKPHUTTS
CKJIOKOMITIO3UTHUX CTEP KHIB IIMM MaTepiajoM Ha 34eIjIeHHs iX 3 6eTOHOM.

Martepianu gocaimaux 3paskiB. [y goCiipkeHHS BUTOTOBUIN OCTOHHI
npusmu  posmipamu  150*150mm i mo Tpu Bucororo 5d, 10d Ta 15d 3
LEHTPaJIbHO-PO3TAIIOBAHOK CKIIOIIACTHKOBOK apMaryporo (d — miamerp
crepxHiB 12MMm kiacy AKC800), sika mOKpUTa OZHMM YU JBOMA IIapamu
BOJIOBI/IIITOBXYBaJbHOIO 32C00Y.

Ax mpasmiio, «CIJIOJI®» — 1me pigka CHIIOKCaHOBAa KOMIIO3MINIS, sKa
HaiJacTillle HAHOCHTHCS Ha TOBEPXHIO JOPOKHIX KOHCTPYKIK Ta s
MPOCOYEHHS  OETOHy,  3ali300€TOHY, nernmd  JUid  HajgaHHsd  IM
BOJIOBIIIITOBXYBAILHUX BiacTuBocTed. [liciss oOpoOku matepianu HaOyBalOTh
3HAYHO OUIBIOT CTIMKOCTI 10 Aii BOAM Ta Pi3HUX PO3UYHMHIB, MOPO30OCTIHKOCTI Ta
JIOBroBiYyHOCTi. PO3YMH NpOHHMKae Ha IOCUTh 3HA4YHYy IIMOMHY — 2-8 MM i
NIEPETBOPIOETECSI B €JACTHYHY CMOINY, SIKa HaJa€ BOIOBIALITOBXYBAJIBHUX
BJIACTUBOCTEH MaTepianam [1].
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ExcrniepuMeHTanibHi 3pa3ku BUrOTOBIsUTHCS 3 Oerony kmacy C12/15 3
TaKUMH MEXaHIYHUMH XapaKTepUCTHUKaMHU: KyOMKOBa MIilHICTb y Bili 28 mi6 —
f= 19,45 MIla; npusmoBsa MirHicth — fog = 15,35 MIla.

Koncrpykuiss mocaignux 3paskiB. Pinkum matepianom «CIJIOJI®»
MOKPUBAJaCh  IOBEPXHS  CKJIOIUIACTHKOBOI  apMaTypH  CYLUIbHUMH
piBHOMipHMMH 1mapamu. Jlpyruii map HaHOCHBCS IIicJii IOBHOTO
BHCHXaHHS nonepeanboro. Ilicas Horo 3acTocyBaHHs yTBOpHUIiacs Ipo3opa
MaToBa IUTiBKa.

CrepiHi apMaTypH PO3TAIIOBYBAJIHCh B OETOHHHX MPHU3MaXx TaK, MO0 IXHi
MIO3/IOBXKHI OCi CITBMAJay, a BUCTYHAIOUi YACTHHH CTEPXKHIB TO3BOJLUIA 3
omHOTO OOKYy 3aKpilUTIOBATH IX B 3aXBaTi PO3PUBHOI MaIlWHHU, a 3 JAPYrOro
(BUTPHOTO) — BHMIPIOBAaTH TMEpPEMIlleHHS BiJHOCHO Topus mpu3M. s
YHUKHCHHS TIOLIKOKCHHS TOBEPXHI KOMIIO3UTHOI apMaTypu, Ha BUIBHHH
KiHEI[b apMaTypH MPHUKJICIOBAIM MeTaJIeBy TpyOKy (puc. 1), sika CKpiIuToBaiach
31 CTEp)KHEM EMOKCHIHOI CMOJIOIO 3 JIOJaBaHHSM KBaplOBOIO IICKY Y
criBBigHomeHHi 1:1 [2].

—

Puc. 1. 3axucT KOMIIO3UTHUX apMATYPHHUX CTEPIKHIB BiJl TIOIIKO/PKEHHS B
3axBaTi PO3PUBHOI MalllMHU
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Metoauka BUNPOOYBaAHHA 0eTOHHMX MPU3M. JIOCHTIIKEHHS 3YCTUICHHS
KOMITO3UTHOT apMaTypu 3 OeTOHOM OyiM BHKOHaHI ILISXOM BHCMHKYBaHHS
CKJIOKOMIIO3UTHUX CTEP)KHIB 3 OCTOHHMX NPH3M B PO3PUBHIN TiIpaBiidHil
MalllMHI 3 BUKOPUCTAHHSM CIEHialbHOTO HaTsHKHOrO mpuctporo. Ilig wac
HaBaHTA)KCHb BHUMIPIOBAJIM NEPEMIIIEHHS BUIBHOTO KIHILS CTEPXKHS BiJHOCHO
TOPIS NPU3MH 1HIMKATOPOM TOJMHHHKOBOTO TUIY 3 HiHO noxaiiku 0,001 mm

(puc. 2) [3].

Puc. 2. 3aranpHuil BUTIsL BUITPOOyBaHHS 3pa3KiB y PO3PUBHIH MallIMHI

Pe3yabTaTH MOCHIIKeHb., 3pa3Ku TO3HAYAIKMCS B 3aJCKHOCTI Bif
KIJIBKOCTI TIOKPUTTSI apMaTypHUX crepikHiB MaTepiaiom «CIJIOJI®» Ta BrcoTn
OetoHHux npusMm (Oyksa ,,I1” — npu3ma, nepiie YUCIo — TOBKHHA aHKEPYBaHHS
(5d, 10d, 15d), npyre — miametp apmatypu d=12 mMm), TpeTe — KiIBKIiCTh IIapiB
MOKpUTTS cTepkHiB MatepianioM «CIJIOJI®» (0 - Hi pa3y He mokpura; 1 — oqun
map; 2 — JBa mapH). 3pa3kd BBAKAINCS 3pyHHOBaHI, SKIIO IPOKOB3YBaHHS
BUIBHOTO KIHI[SI CKJIOKOMIIO3UTHOTO CTEP)KHS BIAHOCHO OETOHHOI NpPU3MHU
cknagano 0,2Mm.

Y HallMeHIIMX 3pa3Kax 3 JOBXHMHOIO aHKEPYBaHHS CKJIOKOMIIO3THOI
apmarypu 60mm I1-5d/12-0, I1-5d/12-1, I1-5d/12-2 rpanuyHe 3HauYeHHsS J, =
0,2MM Oyn0 IOCATHYTO IIpH HANpYKEHHSX B CTEPXKHAX Biamosimuo fyy = 98,7,
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105,1; 109,2 MIla. V s3paskax I1-10d/12-0, II-10d/12-1, II1-10d/12-2
nepeminieHHs 0,=0,2MM OTPHMAHO MPH HAMPYKECHHAX B CTEPIKHAX BiIMOBiTHO
f,4=184,3; 217,5; 228,6 MIIa, a B 3paskax I1-15d/12-0, T1-15d/12-1, I1-15d/12-2
IpU HaNPYXCHHAX B CTEPXKHAX Bixnosinuo fyy = 376,7; 403,3; 411,4 MIla. JIna
HAOYHOCTI ITOKa3aHO 1 HAIIPY>KEHHS B MeTaJleBuX cTepxH:X (puc. 3). B 3pa3kax
31 3BHYAHOI0O METAIEBOI0 apMaTypol0 CEpPHOBUAHOIO MPOGUI0 TiaMeTpoM
16 mm kmacy A500C 3 moexunoro ankepyeans 5d, 10d, 15d y 3paskax IIm-
5d/16, TIIm-10d/16,ITm-15d/16 (6e3 MOKPUTTA  BOMOBIAMITOBXYBAIbHOIO
KOMTO3uIi€ro, kmac 6etony C12/15) pyliHiBHE HAalIpy>KEHHS B CTEPIKHSIX CKJIAJIO
Bimmosigno f,q = 116,2, 223,6, 382,5 MIla, mo Ha 15,5; 17,8 Ta 1,6 % Ginpme
HiX y 3paskax [1-5d/12-0, 1-10d/12-0 Ta I1-15d/12-0.

fye MTa Mw-15d/16
a0 ~ |f,.=3825Mra
T I R | f,4= 376,7 MMa
350 A-15d412-0
300 (—F—
g
%07 Fim=t0d/16
/ 1 Nt =2286MMa
200 - v -
J A0g/ .0l = 1843 MM
150 M
i Mm-5d/16
iy N T ,=1162MMa
100 — f.,=987 MM
&/{ M5a112-0 | ™ ®
50 1

0 005 005 00 01 015 015 045 o2 Ou MM

Puc. 3. 3MiHa IPOKOB3YBaHHS J CTEPIKHIB 3aJIEKHO BiJl HAIPYxKeHHs fyq:
- [1-15d/12-0; - 11-10d/12-0; - 11-5d/12-0;

- [Im-15d/16; ——— - [Im-10d/16; — - [Im-5d/16

3Ha4YeHHS JOTHYHHMX HAINPY)KEHb 3YEIUICHHS CTEPXKHIB 3 OETOHOM 7, Y
3paskax JOBXHHOIO aHKepyBaHHS |, = 60 MM ckimand: Ui 3paskiB
I1-5d/12-0, 11-5d/12-1 Ta I1-5d/12-2 Bignosiguo 7, = 4,9; 5,2 Ta 5,5 MIla.
Pi3HuLS MK JOTHYHUMH HANPY)KEHHSMH B 3pa3Kax, HEMOKPUTHX KOMIO3HUIIIEI0
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«CIJIOJI®» Ta TOKPUTHX OJHOPA30BO, ckiamae 5,8 %, a B TMOpIBHAHHI 3
aeopazoBum — 10,9 %. Ilpu moexuHi ankepyBaHHS ly, = 120 MM motwuni
HampyxeHHs B 3paskax [1-10d/12-0, I1-10d/12-1 ta I1-10d/12-2 ckianu
BiNOBITHO 7y = 4,6; 5,4 Ta 5,7 MIla. [Ipu omHOpa30BOMY MOKPUTTI 3HAYCHHS HA
14,8 % OinblIi 3a HEMOKPUTI, a Ipu JABopa3oBoMy e Ha 4,5 %. B 3paskax
I1-15d/12-0, 11-15d/12-1 Ta I1-15d/12-2 3 |4, = 180 MM ckianu BiAmOBIAHO 7, =
6,3; 6,7 ta 6,9 MIla. JloTnuHi Hanpy>XEeHHsI OTHOPA30BO MOKPUTHX 3pa3KiB Ha
6,0 % OinpImi Bix HEMMOKPUTHX, a ABOPA30BO MOKpUTHX Ha 8,7 %. B 3paszkax IIm-
5d/16, IIm-10d/16 Ta ITm-15d/16 3 MerameBoO apMaTypor miameTpoM 16 mm,
10 BBAKAETHCSA PIBHOMIIHOIO CKJIOKOMIIO3UTHHM CTEPXKHSAM JAiaMeTpoM 12 MM
AKCS800, 3HAYEHHS JTOTHYHHUX HaIpy>KeHb CKJIAJIH BIIIIOBIAHO
7= 5,8; 5,6 Ta 6,4 MI]a.

JoTnuHi Hanpy KEeHHs 3YCIICHHS apMaTypH 3 OETOHOM B 3pa3kax 3 lu, = 5d
i MeTaseBoro apmaryporo [Im-5d/16 ua 15,5 % 6inpui kommo3utaux [1-5d/12-0,
a B MOPIBHSHHI 3 ABOpa3oBo nokputumu crepxxasimu AKC800 nume Ha 1,7 %.
Ipwu Iy, = 10d pisauiyst gotuurux Hampykenb mix [Im-10d/16 Ta 11-10d/12-0
cranoBuTh 17,8 %, a mopisustao 3 11-10d/12-2 Bxe Ha 1,7 % Menmie. 3HaueHHs
7y B 3pa3kax 3 |y, = 15d i cransHoro apmaryporo [Tm-15d/16 Ha 1,6 % GinbIi Hixk
3 ckitokoMno3utHoto 11-15d/12-0, a BiiHOCHO 3pa3KiB 3 ABOPA30BUM IIOKPHUTTIM
crepxxHiB AKC800 Bxe Ha 7,3 % MeHMmII.

Omxe, MU 0ayuMo, LIO TNPH IOKPHTTI CKIOKOMIIO3UTHOI apMaTypH
Matepianiom «CIJIOJI®» Ta 301bIIeHH] TOBXWHN aHKepYBaHH, 301TBITYEThCS 1
TpaHMYHE HANpYXKEHHS B CTEPXKHAX. B ycix 3paskax pylHiBHE HampyKeHHS
MEeTalIeBUX CTEPIKHIB el OLIbIIe HIX y 3pa3Kax 3 KOMIIO3UTHOK apMaTypolo,
aJle TPH JBOPA30BOMY TOKPHUTTI CHTyallisl 3MIHIOETBCS Ha KOPHCTh
CKJIOILJIACTHKY.

O/HO3HAYHO MOXKHA CKa3aTH, IIO 3 YCiX (haKTopiB, HAOLIbIIEe 3HAYCHHS
MaloTh MPU3MH 3 KOMIIO3UTHOIO CKJIOIUIACTUKOBOIO apMaTypoOIO, SIKi MOKPUTI B
nBa mapu po3unHoM «CIJIOJI®y, 3BifCH BHUIUIMBAE IO 3a JOMOMOIOI0 I[EOTO
Marepialy MOXKHa 30UIBIIUTH 34YEIUICHHS apMaTypu 3 BaXXKUM OETOHOM,
JIOBrOBIYHICTh apMaTypH, a TAKOXK 1 KOHCTPYKIIII.

BucHoBku

1. ExkcnepyMeHTaNbHO MiATBEP/PKEHO, II0 MOKPHUTTS CKIOKOMIIO3UTHHX
CTepKHIB BOJOBIAMTOBXyBanbHOIO Kommnosumieio «CIJIOJI®» yxpaiHChKOTO
BHPOOHHUIITBA CYTTEBO MOKpPAIIY€E 3YETJICHHS apMaTypH 3 OETOHOM, IIO CIIPHSE
onTuMi3arii BUpoOHI40i 6a3u OyIiBHUIITBA.

2. Tlpm pmoBkuHI aHKepyBaHHs 5d B  3pa3kax, HEMOKPHUTHX
BOJIOBIIMIITOBXYBAILHOI KOMIIO3HINEI0 TMOPIBHSAHO 3 MPHU3MaMH 3 OJHOPA30BO
MIOKPHUTOI0 KOMIIO3UTHOIO apMaTrypolo, HampyXeHHs cKianalTh 5,8 %, a B
NOpiBHAHHI 3 1Bopa3oBuM — 10,9 %.
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3. Ilpu Oinpniii Bucori Geronnux npusM (l,, =10d) B 3paskax 3
OJHOPa30BMM TOKPHUTTAM 3HaueHHs Ha 14,8 % Oinplii 3a HENOKPHUTI, a mpu
nBOpazoBomy 1ie Ha 4,5 %.

4. Tlpu waiGinemi#t Bucoti OeronHux mpusMm (ly, =15d) HampyxeHHs
OJTHOPa30BO MOKPHUTHUX 3pa3kiB Ha 6,0 % OiIbIIl BiJ] HEMOKPUTHX, a ABOPA30BO
nokputHx Ha 8,7 %.

5. Miunicth 3pa3kiB 3 HalMEHIIOK OBKHHOK aHKepyBaHHs 5d i
MeTaneBoo apmaryporo D16A500C nHa 15,5% Ourpma Bixm 3paskiB 3
HETIOKPHUTOIO CKIOKOMITO3UTHOIO apMmaTyporo @D12AKC800, a B mopiBHSHHI 3
ZIBOPa30BO MOKPUTHUMH CTEPKHAMH numre Ha 1,7 %.

6. B 3paskax 3 Ginbmioro goBxkuHOIO ankepyBanus (10d ta 15d) minmicTs
3pa3KiB 3 JBOPAa30BO MOKPHUTOIO KOMIIO3UTHOIO apMaTyporo Oiipira Ha 1,7 % T1a
7,3 % TOpiBHAHO 31 3pa3KaMH 3 METAIEBUMH CTEPKHAMH.

7. Tlpu MOKPHUTTI CKIOKOMIO3UTHOI apMaTypu Matepianom «CLJIOJI®» ta
30UIBIICHHI JOBXHWHHM aHKEPYBaHHs, 301IbLIYETHCS 1 TPAHUYHE HAIPYXKECHHS B
CTepXKHsIX. B ycix 3pa3kax pyiHIBHE Halpy>KEHHS METAJIEBHUX CTEPIKHIB JEII0
OijplIe HDK y 3pa3Kax 3 KOMIIO3MTHOIO apMaTypolo, aje IpH JBOPa30BOMY
MOKPHTTI CUTYaLlisl 3MIHIOETHCS HAa KOPUCTh CKIIOTUIACTHUKY.

References

1. Chapjuk O., Olekh V., Orjeshkin D. Zcheplennja vazhkogho betonu z
kompozytnoju  skloplastykovoju armaturoju, pokrytoju vodovidshtovkhuvaljnoju
kompozycijeju SILOL®. Suchasni tekhnologhiji ta metody rozrakhunkiv u budivnyctvi.
Lucjk: LNTU, 2017. Vyp. 8. S. 253-260.

2. Chapjuk O. Osoblyvosti zcheplennja armatury serpovydnogho profilju z
betonom : monoghrafija / O. S. Chapjuk; Lucjkyj nacionaljnyj tekhnichnyj universytet -
Lucjk: RVV LNTU, 2012. S. 164.

3. Ghryshkova A. Doslidzhennja zcheplennja kompozytnoji skloplastykovoji
armatury z vazhkym betonom zalezhno vid Kklasu betonu. Suchasni tekhnologhiji ta
metody rozrakhunkiv u budivnyctvi. Lucjk: 2015. Vyp. 3. S. 53-59.

CrHucoK BUKOPHCTAHMX JIXKepeJ

1. Yamok O., Onex B., Opemkin /. 34enieHHsT BaKKOTO OETOHY 3 KOMIIO3UTHOIO
CKJIOTUTAaCTUKOBOIO apMaTyporo, IMOKPHUTOI BOJOBIMIITOBXYBAIBHOK KOMITO3HILIEI0
SILOL®. Cyu4acHi TexHonorii Ta MeToau po3paxyHkiB y OyniBHuutsi. Jlyupk: JIHTY,
2017. Bumn. 8. C. 253-260.

2. Yamok O. OcoOiMBOCTI 3ueIUIEHHS apMaTypd CEpIOBHUIHOrO mpodimo 3
6eroHom: MoHorpadis / O. C. Hanrok; JIynpkuii HaniOHATBHUM TEXHIYHUN YHIBEPCHTET
— Jlyusk: PBB JIHTY, 2012. C. 164.

3. TI'pumkoBa A. J[loCHiIKeHHS 34YEIUICHHS KOMIIO3UTHOI CKIIOIUTACTHKOBOL
apMaTypu 3 BaXKHM OETOHOM 3aJiexHO Bix kmacy Oerony. CydacHi TexHousorii Ta
MeTOJH po3paxyHKiB y OymiBaunTBi. JIymek: 2015. Bum. 3. C. 53-59.

127


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9674457
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9674457

"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

YK 624.012.3:681.3.06 DOI1:10.36910/6775-2410-6208-2020-3(13)-15

JIOCBIJI BACTOCYBAHHS CYUACHUX IHOOPMAIIIMHUAX
TEXHOJIOTTA Y HABUAJIBHOMY ITPOIIECI B CHY IM. B. JTAJIS

THE APPLICATION EXPERIENCE OF THE MODERN
INFORMATION TECHNOLOGY IN THE EDUCATIONAL PROCESS
AT VOLODYMYR DAHL EAST UKRAINIAN NATIONAL
UNIVERSITY

Yepunx O.A., kK.T.H., jpon, Coxoaesko B.M., K.T.H.,, JoL.
(CxinHoykpainchbkMii  HaumioHajdbHuii  yHiBepcuter im.  B. Jlaas,
M. CeBEPOIOHEUBK)

Chernih O.A,, Ph.D. in Engineering, Associate Professor, Sokolenko
V. M., Ph.D. in Engineering, Associate Professor (Volodymyr Dahl East
Ukrainian National University, Sievierodonetsk)

Cmamms  npuceéauena npooReMam  6UKOPUCAHHA — CYHACHUX — NPOSPAMHUX
KOMMIEKCI6 y  HAGUANbHOMY npoyeci nidzomoeku  6yoigenvbHukie.  Buxiadeno
NOCHIO08HICMb KYPCi8 NIO20MOBKU MA MUNOBUX 3A60AHb KOMN TOMEPHO20 MOOEN08AHHS
Ha emani nidzomoexku 6axanagpa 3 6ydisnuymea. (Cmamms HayKo80-mMemoouyuna)

Nowadays, a large number of structures are designed and built with using Building
Information Modeling (BIM), a three-dimensional modeling process, that transform
architecture, engineering and the construction industry.

One of the most important elements of the computerization of higher education is
the practice work with using computer simulators, such as industrial-strength software in
the process of training a specialist.

The toolkit of modern versions of SAPFIR-3D and LIRA-CAD programs allows you
to bring the idea of an architect to the production of design documentation in compliance
with regulatory requirements.

Research results. Volodymyr Dahl East Ukrainian National University has
received licensed ACADEMIC set 2018 training packages from LIRA-SAPR and the
introduction of programs into the process of education has been started.

Training is conducted by the following stages of training:

In the first year, students learn the basics of the AutoCAD system, solve spatial
tasks of projective geometry nd create 3D building models using the ARKO architectural
and design package.

In the second year, in the discipline of computer modeling, they study the basics of
architectural composition, perform conceptual architectural models of columns, arches,
layouts of simple geometrical bodies, create ornaments, develop volumetric spatial
compositions.

In the third year of the autumn semester, as part of the computer modeling
discipline, they study the basics of the ArchiCAD system. From the beginning, they create
a basic 3D BIM model of a residential building, on the basis of which each student
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carries out a project for its reconstruction in accordance with the chosen architectural
style.

Next, they study the basics of working with the SAPFIR-3D system as part of the
LIRA-SAPR software package. Students perform tasks in the calculation and design of
building structures made of metal and reinforced concrete.

Conclusions: the application of the SAPIR-3D parametric system LIRA-SAPR
software in the educational process allows students of building specialty to obtain the
necessary knowledge to create complex projects of unique buildings and structures with
high aesthetic indicators based on a single platform, combining architectural and design
experience. (Scientific and methodical article)

Kniouosi  cnosa:  komn’tomepne  moldemwosanus — Oydieenv,  iH@opmayiline
Mmoodenoganns 6ydisenv (BIM), mpusumipna mooenw, npoecpammuuii komniexc LIRA-
SAPR.

Keywords: Computer modeling of buildings, building information modeling (BIM),
a three-dimensional model, structural engineering software LIRA-SAPR.

Beryn. Crorosi BelMKa KiJbKICTh KyJIbTOBHX CIIOPY, LIO 3'SBISIOTHCS B
YCbOMY CBITI — BiJI XMapo4oCiB J0 MOCTIB — CIIPOEKTOBaHi i 1MoOyI0BaHi 3
BukopuctanHsM Building Information Modeling (BIM) [1], mnpouecy
TPUBUMIPHOTO MOJEIIOBAHHS, SIKUH TpaHCHOPMYE apXiTEKTypy, IHKUHIPHHT Ta
OymiBeJbHY IHAYCTPIO. 3 PO3BUTKOM I[IapaMETPUYHOIO MOJIEoBaHHA [2] 1
3aXOIUICHHS PeaJbHOCTI CTPYKTYPHI JaHI CTAaIOTh BCEe OaraTIIMMU i CKIIQIHUMH,
o0 CKOHOMHUTh Yac i KOIITH NpPHU IATOTOBII INPOEKTIB, 3al00irarodd MOsBi
MIOMHUJIOK 1 OPOTMX 3aMOBJIEHb Ha 3MiHH. B Toif ke wac, Ha mepmmil MIaH
BUXOAWTH 1 COLiaNbHA (YHKIIS apXiTeKTypHd 1 MPOCKTHHUX ITUCIHILTIH, SK
(GYHKIISL TPOCTOPOBO-MOPQOIOTIYHOTO BHOPSIIKYBaHHA i ()OpMYyBaHHS BCiX
comialbHAX TPOIIECiB B3a€MOJIIT 1 K BBaXkalla apXiTeKTop 3axa Xamia, mo it
JIOCKOHAJIOTO BUPIIIEHHSI MPOOJIEM «EKCIePUMEHTYBAaTH MOXKHA HECKIHUCHHOY»
[3].

AHaJi3 JiTepaTypHuX JaHUX i mocTtaHoBKa mnpodaemu. «OnHUM H3
B2)KHEHIIMX DJIEMEHTOB KOMIIBIOTEPH3ALUH BBICIIET0 OOpa3oBaHMs SIBISIETCS
NPaKTHKAa  HUCIOJb30BAaHUS  TPEHAXEPOB, a HWMEHHO  IPOMBIIIIEHHBIX
IIPOTPaMMHBIX MPOIYKTOB B Ipoliecce 00yUIeHHUs crienuanucTay [4].

«HaruBnast cBs3p ¢ JIMPA-CAIIP penaer CAIIOUP-3D  nyymmm
BBIOOPOM U1l apXWUTEKTOpa, paboTalomero B TECHOM KOHTAaKTe C
KOHCTPYKTOPOM, TaK KaK TOJIbKO Takas CBs3b TapaHTHPYET KOPPEKTHOCTh
pacyeTHBIX MOJIENICH N HCKITI0YaeT «HaKJIaJHbIe PacXoIbh» Ha UX co3uaHue» [5].

IacTpymenrapiit cydacHux Bepciit mporpam CAII®DIP-3D Ta JIIPA-CAIIP
JI03BOJISIE TIPOBECTH 1/ICI0 apXiTeKTopa 4epe3 JeTalbHUW aHali3 HampyXeHO
neOpMOBAaHOTO CTaHy Ta TMEPeBipKy HeCcydoi 34aTHOCTI OyZiBenbHHX
KOHCTpyKIiid y mnporpamHoMy komiuiekci JIIPA-CAIIP no BHTOTOBJICHHS
MIPOEKTHOI JOKYMEHTAIlii 3 JOTPHMaHHSIM BHMOT HEOOXiTHMX HOPMAaTHBHHUX
nokymenTiB y nporpami CAII®IP-3D [6].
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HeoOxigHa Ta akTyampHa iH(OpMAIis 3a BepCiIMH IPOTPAMHOTO
komiuiekcy JIIPA-CAIIP y Burisai nociOHUKIB, Ipe3eHTalii, Biieo KypciB y
BEJUKIN KUNBKOCTI po3mileHa Ha odiniiiHoMy caiiti komnanii JIIPA CAIIP B
po3nini baza 3Hamp (puc. 1) [7], Ha BeO-cropinmi JIIPA CAIIP Ha kanami
YouTube (puc. 2) [8], a Takox Ha BeO-CTOpIHKAX JOCBIJUYCHHX KOPUCTYBAUiB,
HalnpUKIaz, imkeHepa-npoekryBansHuka O. Kamanina (puc. 3)[9].

BA3A 3HAH un

AV 3AAHNIA U C

@ pabotbi

nnpaHTos HBIX, BBINO/IHAIOWMX HUCNEHHBIE VICCNBAOBAHMS

Ceexve 3ameTkun

Puc.1. Po3nin basa 3nanp Ha odiniitHOMy caiiti kommanii JIIPA CATIP

JIUPA-CANP__ MOHOMAX-CAMP _ 3CMPU__ CANOUP

ﬁ NIVIPA CANP s noameAN 4aTUE |

FNABHAR BMAED NNEANMCTS! COOBUIECTBO KAHANB O KAHANE Q
Bee nnenucTbl = YNOPRAOMTH
NMPA-CANP 2019 Howie faycropomenmoepeume - CANOW u.-pmg TIAPA-CANP 2018; Howbie 2016
BOIMOMNOCTH BOMONNOCTH

FOCMOTIETH BECH NNEANIAC TIOCMOTIETY BECH NVIEATMCT  MIOCMOTIETD BECH NNEATNCT
NOCMOTPETS BECH NICAACT  TIOCMOTPETH BECH NNEA/MCT NOCMOTPET BEC NAEAIMCT

Puc.2. Be6-cropinka komnanii JIIPA CATIP Ha kanani YouTube
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Puc. 3. Be6-cTopinka O. Kamanina Ha kanani YouTube: bazoswuii kypc o
CAII®IP-3D

Mera pobGoTH — 3a0e3nedeHHs e(QEKTHBHOCTI IPOLECY OTPHUMAaHHS
CTyIeHTaMH 0a30BHX 3HAaHb 13 CYYacHHX METOIIB pPO3paxyHKiB Ta
[IPOEKTYBaHHS Oy iBEIbHUX KOHCTPYKIIIN Ta CIIOPYI.

Pe3yabTaTn gociaimkenb. Bukiaa ocHoBHOro martepiaiay. Bocenn 2018
poky CHY im. B. [ans orpumae Bix kommanii JIIPA-CATIP mineH3idHi
koMmIuiekTd HaByasnbHUX mporpam ACADEMIC set 2018 ta Oymo posmodaTto
BIPOBA/DKEHHSl Yy HaBYajbHUII mpolec Ha Kadeapax «apXiTeKTypu Ta
MicTOOYAyBaHHs» 1  «OyHmiBHUITBA, YypOAHICTHKH Ta  IMPOCTOPOBOTO
IUTAHYyBaHHSA» CydYacHHX OyniBenbHHX mnporpamMHuX KomruiekciB ITK JIIPA-
CAIIP FULL 2018, IIK MOHOMAX-CAIIP PRO 2016 ta I1K ECIIPI 2018 nHa
06a3i HakormyeHoro nocBiny HouTV.

Jani mporpamMHi KOMIUIGKCHM BHKOPHCTOBYIOTHCS IIPHM  BHKJIAJaHHI
HaBYAIbHHUX TUCIUILTIH:

Ha Kadenpi apxiTeKTypu Ta MICTOOyIyBaHHA — KOMITIOTEpHE
MOJICIOBAaHHS, apXiTeKTypa OyAiBels 1 criopy.n;

Ha kadenpi OymiBHHWITBA, YpOAHICTHKH Ta MPOCTOPOBOTO TUIAHYBaHHS —
iHpopManiliHe MOAETIOBaHHA OyiBeNb, METOA CKIHYCHHHX €JIEeMEHTIB Ta
aBTOMAaTH30BaHi CHCTEMH PO3paxyHKYy Ha MIIHICTb, OOUMCIIIOBAaIbHA TEXHIKa B
IHKEHEPHUX  pO3paxyHKaX, OCHOBH aBTOMAaru3alii INPOEKTYBaHHSI B
Oy/IiBHUIITBI.
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BukopucraHs = Cyd4acHMX IPOMHCIOBHX  IPOTPaMHHX  MPOIYKTIB
morpebye:

BiJITIOBITHOT MMONIEPETHBOT MiJTOTOBKH SIK BUKJIAJAYiB TaK i CTYICHTIB;

HasBHOCTI HEOOXiZHOi Ta akTyaspHOI i1H(pOpMalil 3 MOXJIMBOCTEH Ta
JIOCBily BUKOPHCTAHHsI OCTaHHIX BEpCiii IPOrpaMHUX KOMIUIEKCIB.

Tomy mepen TuM, sSK HNEPEHTH JO OCBOEHHS INPOTPaMHOTO KOMIUIEKCY
JIIPA-CAIIP, cryaeHTH-apXiTEeKTOpH HaOyBalOTh MPAKTUYHUX HABHYOK MNPHU
poboti 3 CAD-cucTtemMaMy, MOYMHAIOYM BXKE 3 TEPHIOro Kypcy. HaBuaHHS
MIPOBOANTHCS 3@ HACTYITHIMH €TallaMH IiATOTOBKH:

1. Ha mepmomy Kypci B pamMKaxX JIWUCIHMIDIIHA HapHCHOI TeoMeTpii
BHBYAIOTh OCHOBH cucTteMu AutoCAD, BHpINIyIOTH MIPOCTOPOBI 3amadi 3
HapuCHOI reoMeTpii 3a gomomororo cucreMu AutoCAD, 3a momomororo
apxiTeKTypHO-KOHCTpykTOpchkoro makery APKO wHa ©0a3si  AutoCAD
CTBOPIOIOTh 3D-Mozeni J1BOMOBEPXOBUX JKUTJIOBUX OyliBedab 0a3oBoro Ta
IiIBUIIEHOTO PiBHS CKJIJHOCTI.

2. Ha jgpyromy Kxypci B paMmKax JAUCHMIUIIHM  KOMII IOTEPHOTO
MO/JICIIIOBaHHS BHBYAIOTh OCHOBH apXiTEKTYpPHOI KOMIMO3UIii. 3a 10MOMOroio
cucremun AutoCAD Architectural BHKOHYIOTH KOHLENTYyaljlbHI apXiTEKTYpHi
MOJIeTll KOJIOH, apoK, MaKeTH MPOCTHX T'€OMETPHUYHMX Til KyOa, mipaminw,
CTBOPIOIOTh OPHAMEHTH METOJIOM IUIACTUKH IIOBEPXOHB 1 PO3pOOIAIOTH 00’ €MHI
MIPOCTOPOBI KOMITO3HIIi.

3. Ha tperpomy Kypci B OCIHHBOMY ceMeCTpi B paMKaxX TUCHHILTIHA
KOMIT'FOTEPHOTO MOJICTIOBAHHS BHBYalOTH oOcHOBHM cucteMn ArchiCAD.
Crmouatky cTBOPIOIOTH Oa3oBy 3D BIM-Momens KUTIOBOTO OYIMHKY, HA OCHOBI
SKOT KOXKEH CTYJCHT BHUKOHYE TIPOEKT I PEKOHCTPYKILii BiJIOBIAHO 10
BHOPAHOTO apXiTeKTypHOT'O CTUIIIO.

4. Ha TperbOMy Kypci y BECHSHOMY CEMECTpi B paMKax JWUCHHUILTIHH
KOMIT'FOTEPHOTO MOZEJIOBaHHS BHMBYAIOTh OCHOBM pOOOTH i3 CHUCTEMOIO
CAII®IP-3D B ckmaai mporpamuoro komiuiekcy JIIPA-CAIIP. Crynentu
BUKOHYIOTh 3aBJIaHHS 3 PO3PAaxXyHKY Ta MPOEKTYBaHHS KOHCTPYKIIi OyiBelb:

4.1. MeraneBux:

4.1.1. MinimManeHOI CKITaJHOCTI: Oaika Ha IBOX onopax (puc. 4);

4.1.2. CepenHbpOi CKIAQAHOCTi: OJHONPOIBOTHUN MPOCTOPOBHH KapKac
(puc. 5);

4.1.3. KoHTponbHE 3aBJIaHHS MIiJBHIIEHOI CKJIQJHOCTI: CTPYKTypHE
TIOKPUTTS Ha 0a3i mapameTpiB, MPUHHATHX CTyIEeHTOM (puc. 6, 7);

4.2. 3aniz00eTOHHUX:

4.2.1 MiHiManbHOI CKIQJHOCTI: (QparMeHT MEepPeKpHUTTs, OMepTOro Ha
koJiony (puc. 8, 9);

42.2. CepenHboi ckmagHocTi:  OaratomoBepxoBa  OyIiBIAS IO
(opmoyTBOpIorOuHii moBepxHi (puc. 10);
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4.2.3. KoHTposibHE 3aBAaHHS MiIBHIICHOI CKIAIHOCTI: OGararomoBepxoBa
OyniBis 1o (hOpPMOYTBOPIOIOYMI TMOBEPXHI Ha 0a3i mapaMeTrpiB, MPUAHITHX
crynenroM (puc. 11, 12).
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Puc. 9. Cxema po3ranryBaHHS pO3paxyHKOBOI apMaTypH
Jutst pparMeHTy 3a1i300€TOHHOTO TIEPEKPUTTS
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Puc. 11. Mogeni OyniBini: a) OyaiBenbHo-iHpOpMaliiiiHa, 0) aHaIITHIHA

136



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

» R e = . 2 479 45

L I e e —

Apmupobanue_nepexpsmus [1M=T HG_0mM.U,000

Apmupobanue nepexpsmua [TH-1 HA 0mH.0,0 p 0 i
Cxema paci [}] J ap ypsr Bdons wugpobeix oced (xema pacnonoxenus Bepxweu apmamyps Bdons uugpobux oced

= =

oL {14390 00

Puc. 12. Cxema po3TanryBaHHS apMaTypH IDTATH IEPEKPUTTS HA QOHI
Mo3aiku: a) apMyBaHHsI; 0) HeJOapMyBaHHs

Ha pucynkax 11 Ta 12 mpezacraBieHi pe3ynbTaTH OIHI€T i3 OpUTIHATBHUX
KOHTPOJBHHUX POOIT CTYyIEHTKH TpeThoro Kypcy rpymu ABC-16 Janmmenko /.
31 CIIEMiaTbHOCTI apXiTeKTypa OYHiBEIb 1 CIIOPY/ 3 TUCIUILTIHA KOMIT FOTEPHOTO
MojenmioBaHHs Ha Temy: «[IpoekTyBaHHS Ta pO3paxyHOK OyAiBEIbHUX
KOHCTPYKIiA  0araTormoBepxoBOi  Oy[iBii 32  JIOMOMOTOK  CHCTEMHU
napameTrpuaHoro moaemtoBanHs CAII®IP-3D mporpamuoro xomiuiekcy JIIPA-
CAIIPy.

3a pesyapratamMu pOOOTH CTYACHTH BHKOHYIOTH aHA3 HAaIMPYXEHO-
neOpMOBAHOTO CTaHy Ta HECydJoi 3[JaTHOCTI OyMiBeIbHUX KOHCTPYKIIH, OO0
JOLUTBHOCTI MPUHHATHX apXITEKTYPHHX 1 KOHCTPYKTHBHUX PIillIeHb i, B pa3i
HEOOXITHOCTI, BHOCSTH MOTPIOHI KOpeKTWBM Yy mapameTpu BIM-mopeni:
HATIPUKJIa]], 3MIHIOIOTh KiJIbKICTh KOJIOH, TIepepi3u KOHCTPYKTUBHUX €JICMCHTIB.

Crix 3a3HaYUTH, MO MApaMeTPH TBIPHUX KPUBHUX 1 MOBEPXOHb Y MOIYIi
«Jlinii Ta mnoBepxHi» Ha Brianui «CrBopenHs» cucremu CAIIDIP-3D
HEOOXITHO Ha3HAYaTH 3 ypaxyBaHHSIM I'€OMETPHUYHHX MEPEAyMOB XYI0KHBOTO
(hOpMOTBOpPEHHST 3HAKOBHX 0O0pa3iB TOMY, IO «Pi3HOMAaHITHI 3a TUIACTUIHUM
XapakTepoM TeOMEeTpHYHI 00pa3u HecyThb y co0i 0coONMBY 3a TEKTOHIKOIO
TapMOHINHY Y3TO/KEHICTh, SIKa B CHHTE31 3 KOMIO3UIIIHHUMH Ta TpadigHuMU
3ac00aMu J]a€ MOJJIMBICTH OTPUMYBATH 3pasKd 3 BHCOKMMH €CTETUYHHMH
nokazHukamm» [10].
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BucHoBkmM: 3acrocyBanHs mapamerpuunoi cuctemu CAII®IP-3D
nporpamuoro komekcy JIIPA-CAIIP y nHaBwaipHOMY mporneci J03BOJIsIE
cryzneHtam 3i crierianbHocTeil ABC (apxirekrypa Oyniseins 1 ciopyx) Ta ITLB
(mpomwucoBe Ta LUBUIBHE OyAIBHUITBO) OTPUMYBAaTH HEOOXiJHI 3HAHHS I
CTBOPEHHSI KOMILICKCHUX ITPOEKTIB YHIKaJbHUX OYIiBEJb 1 CIOPY/ 3 BUCOKMMHU
€CTETHYHUMH TOKa3HUKaMH Ha 0a3i eamHOl minarpopMH, IOEIHYIOUYH
apXITeKTypHHUH Ta KOHCTPYKTOPCHKHI TOCBiJT BiATIOBIAHO.
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THE 3DP — THREE-DIMENSIONAL PRINTING - IS IT A REAL
PROSPECT OF AUTOMATING THE BUILDING PROCESSES?

3DP - TPUBUMIPHMUI JIPYK - YU € BIH PEAJIbHOIO
MNEPCHEKTUBOIO ABTOMATHU3AIIIL BYAIBEJIbHUX ITPOLIECIB?

Olena Chernieva, Ph.D. in Engineering, Associate Professor, (Odesa
State Academy of Civil Engineering and Architecture), Andrzej Wojnar, Ph.D.
in Engineering, Assistant Professor (Rzeszow University of Technology,
Poland), Sara Pogan, Eng. student, (Rzeszow University of Technology, Poland)

YepueBa O.C., k.T.H., gou. (Opecbka JepxaBHA  aKajeMis
OyniBHMOTBAa Ta apxitektypu), Andrzej Wojnar, K.T.H., aCHCTeHT
(KemryBchkuii TexHosoriuynmii ynisepeurer, Ilosnmia), Sara Pogan, cryaenr,
(?KemyBcbkuii TexHooriyHuii yHiBepenrer, [Tonbina)

The construction industry is particularly well-suited to take the advantages of the
3DP technology however it still seems to be a distant perspective. The method itself,
allows to manufacture prefabricated elements, small landscape facilities and detached
houses, pedestrian bridges (of relatively little span lengths) etc. On that field, the
considered technology is already prospering. Furthermore, the technology is a great
solution for scale models used by architects. The 3-Dimensional print turned out to be a
quick and an almost unbeatable way of presenting a concept to the potential investors.
The visualization of the project became easier, giving an exact mapping of the
surroundings and the structure itself, which helps to eliminate the risk of possible
architectural or constructional mistakes. The technology facilitates the implementation of
any needed amendments, whereas the scale models became one of the verification ways
of the project’s documentation and the building’s proportions. However, more research
and law regulations are needed to state the final applicability and limitations of the
presented technology. Ensuring the mechanical properties along with the quality control
work together to provide us with safe elements for the use of large-scale engineering. The
article presents the application of 3D printing technology in construction and bridge
engineering. Available technologies and methods of printing objects were presented.
Examples of structures made of various materials are presented: concrete, steel and
synthetics. The features of an emerging 3-dimensional monolithic objects are conditioned
upon the used software advancement, printing technology, the printer used and the
material applied. In the mentioned construction industry, where the labour workload
becomes an increasingly significant component in the final cost of the construction
project, the 3DP could revolutionise the whole process of the execution methodology.
The ,,complexity and universality” of a facility and its execution method is being
understood as an increased number of openings, irregular and complex shapes, the
precision of the formed elements, fragments or segments and efficiency of the technology
used. (Review article)
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bByoisenvna eanyzv ocobiueo 0obpe nioxooumv Oas Moo, wod CKOPUCMAmucs
nepeeazamu mexwonozii 3D Opyky, sKka, O0OHAK, 6ce we 30acEmbCsi  GI00AIEHOI
nepcnexkmugor. Cam cnocib 0038013€ uUcOMOGHAMU  30IPHI  eleMeHmMU, HeBeIUKI
Aanowagmui cnopyou ma oxkpemi O6YOUHKU, NiWOXiOHI Mocmu (8i0HOCHO He8eauxoi
008oHCUHU NPOLOMY) Mowo. B yitl eanysi ys mexunono2isa edxce npoysimae. Kpim moeo, ys
MEeXHON02IA € YYO08UM DIUEHHAM OISl MACWMAOHUX MoOenell, AKUMU KOPUCTHYIOINbBCS
apximexmopu. TpusumipHuii OpyK 6USIGUECS WIBUOKUM [ Matidice HenepesepuleHuM
cnocobom npedcmasiieHtsi KOHyenyii nomeHyiiHum ineecmopam. Bizyanizayis npoexmy
cmana npocmiuiorn, 0aryu MmoyHe 8i00OPANCEHHsT OMOYEHHs MaA CAMOi CIPYKmypu, o
00nOMaA2ae YCYHymu pusuk MOJICTUBUX APXIMEKMYPHUX yu 0OyoieenvHux nomuiok. L
MEXHONO02IsL CAPUSE  BNPOBAONCEHHIO 0VOb-KUX HEOOXIOHUX Nonpasox, moodi 5K
MacumabHi mMooeni cmanu 0OHUM i3 cnocobié nepegipku OOKyMeHmayii npoexmy ma
nponopyiu 0yoieni. OOHax nompioHo Oinvule 3AKOHOOABUUX HOPMATMUBHO-NPABOBUX
akmie w000 O0CIIOHCEHb, W06 KOHCIAMY8amu 0CIMamoyHy ob1acms 3aCMoCy8aHHs ma
o0bMedIcen sl NPedCmasieHol mexHo02il, 3abe3neyumu KOHMpPOJLb SIKOCMI ma npayi o
6e3neyH020  BUKOPUCMAHHA  WUPOKOMACWMAOHOI mexHiKu Yy 6ydigenvHill  2any3i.
Cmamms 3natiomums Hac 3 cyuachumu mexuonozismu 3D mooenosanns. Asmopu
AHANI3YIOMb nepeéazu ma HeOONIKU OAHOI MemoOUKu, HAGOOSMb PEalbHi NPUKIAOU
sacmocysannsi 3D Opyky i3 euxopucmanusim 6emonHUX, Memanesux ma CUHMemuyHux
Mamepianie. AKkicmb mMpueUMIpHUX MOHOMIMHUX 00'€Kmie 3anexcumsv 6i0 PO36UMKY
BUKOPUCTNOBYBAHO20 NPOSPAMHO20 3a0e3neyens, mMexHono2ii OpyKy, npunmepa i
6y0ieenbHo20 Mmamepiany, sKUll NPU YbOMY GUKOPUCMOBYEMbCs. TaKy mMexHoaoz2io
3PYUHO 3acmocosyéami, Kou 00’ €km € CKIaOHum ma yuikanvHum. 110 «cknaouicmio i
VHIKanbHiCMby 00'ekma i cnocoby 11020 UKOHAHHA PO3YMIEMbCA 30iNbUIeHA KiNbKiCTb
omeopis, HenpasuivHa abo CKIaOHa Gopma 00 ’€kmy, MOUHICIb CHOPMOBAHUX
enemenmis, @pazmenmie abo ceemMeHmis, eKOHOMIYHO OOIPYHMOBAHA epeKmueHicmo
mexnonocii. (Cmammsi 02711006a)

Keywords: 3D printing, 3D construction technology
Kniouoei cnosa: 3D opyk, 3D 6yoisenvni mexronozii

Introduction. The future of civil engineering is unquestionably the BIM
(Building Information Modelling), the ecological engineering, recycling, the
automation of building processes, implementing the prefabricated elements and
the 3DP (Three-Dimensional Printing). The 3DP builds (prints) a 3-Dimensional
object basing on computer-aided design (CAD) - model data. It is done by
additive, gradual layering of the used material - filament — layer upon layer. The
term itself ,,3D Print” regards to a variety of processes, where the material is
either fused or consecutively bonded together as the computer supervises the
procedure in order to create a three-dimensional solid object.

In the 90’s, the 3D printing techniques were acknowledged only for the use
of functional or esthetical prototype productions, also known under the ‘Rapid
Prototyping” term. Since 2019, the precision, repetitiveness and the range of
possible to use materials have grown to the point, where some processes of 3D
printing have started to be considered as a viable technology of producing
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problematical shapes and complex geometry, therein empty parts or parts with
an internal truss structure, made in order to reduce the burden. All that set for
implementing to the production processes of any type of parts - under the
precondition of an existing digital 3D model.

The features of an emerging 3-dimensional monolithic objects are
conditioned upon the used software advancement, printing technology, the
printer used and the material applied. If the ,,complexity and universality” of a
facility and its execution method is being understood as

- anincreased number of openings

- irregular and complex shapes,

- the precision of the formed elements, fragments or segments,

- efficiency of the technology used.

Then the 3D printing method allows cost reduction due to its limited
material use as well as the need of using extra devices or tools. The mentioned
technology narrows down the needed interference of human labour, which
positively affects the general costs of the construction project and increases the
safety of construction processes. The minimalized material uses and the labour
costs, that grow each year, are putting the technology in a promising light and
increase its competitiveness against traditional methods.

The numerous advantages of the 3DP are making it an increasingly used
method in the automotive branch as well as the medical area. It’s huge potential
has also been seen in the military field and the civil engineering society (road
and bridge engineering). In the mentioned construction industry, where the
labour workload becomes an increasingly significant component in the final cost
of the construction project, the 3DP could revolutionise the whole process of the
execution methodology.

Technology. Concerning the industrial use, the 3DP technology is
evolving on different fields — new, advanced materials are developing, further
research is done to improve quality, the possible workfield is being constantly
enlarged and the extensive research on new layering technologies — additive
manufacturing - is progressing.

The technology choice is made based on the printers’ expenses, the
expected print time, it’s quality and the service-related parameters. In order to
design the target model, the Computer Aided (CAD) softwares are being used. It
is also possible to use 3D scanners, which allow you to scan the selected object,
which may be then replicated using the 3D print technologies. Currently used
softwares, helping with the digital model designing processes, are, for example
the Solidworks, Blender, Tinkercard or the Autodesk 123D [1]. The created
digital model is then transferred to the printer in a stereolithographic language
(STL — Standard Tesselation Language) — which is a format that can be used in
the additive manufacturing processes, or an AMF one (Additive Manufacturing
File Format).
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The most popularised 3D printing technologies for additive manufacturing
are listed below:

- FDM (Fused Deposition Modeling) — a technology that allows to print
out objects by layering the melted thermoplastic material. However, only
limited material range can be used;

- The Contour Crafting — a technology based on a cartesian (X,Y,Z)
machine consisting of a nozzle supported by a gantry system, which moves in
two parallel lanes. It follows the target contour of the modelled facility,
consecutively layering the material;

- CJP —aprinting technology using a plaster-based powder material. The
creation process of the models in the CJP (ColorJet Printing) is based on a
selective bondage of the powdered material with liquid binders. The printing
speed, relatively low costs as well as the possibility of a multicolour print are
the main advantages of the mentioned technology;

- Binder Jetting — this technology, just like the CJP, is based on the usage
of liquid binders, which bond together materials such as sand, metal or
ceramics. It is characterized by a high efficiency, which makes the Binder
Jetting a relatively popular industrial technology. It is commonly used in the
form manufacturing as well as in the foundry core production;

- SLA (Stereolithography) — a technology using a liquid photopolymer
resin, solidified by a laser beam;

- DLP - Digital Light Processing — a technique based on curing liquid
resin under a light source, emitted by the digital light projector. A visible
drawback of this technology is its boundaries regarding bigger objects (where
either the length or the width exceeds a dozen centimetres), when a significant
shrinkage of the cured resin is occurring during the printing process;

- SLS - Selective Laser Sintering — a 3D printing technology that utilises
a laser to melt successive layers of powdered components (usually polyamides);

- SLM/DMLS - a 3D print technology fusing metal powders with a laser
beam;

- EBM - Electron Beam Melting — a 3D printing technology, similar to
the SLM/DMLS, where instead of a laser beam power source, an electron beam
is used to fuse conductive metal powders;

- MJF — Multi Jet Fusion technology (invented by HP), where powdered
synthetical materials (mainly polyamides) are used.

In the civil engineering industry, the FDM technology (used mainly in the
prefabricated elements manufacturing), as well as the Contour Crafting
technique (used for the in-situ printing) seem to be the most ubiquitous, see Fig.
1. Different ways of 3D printing buildings are presented in Fig. 2 to 4.
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3DP technology in

Prefabricated elements
3DP in
prefabrication [
Modular segments for residental use
the construction

industry Spatial frame construction
. Rail gantry cranes
3DPinssitu Stationary crane printer

Autonomous mobile 3D printing
robots

Fig. 1. 3D printing technology in the construction industry

Fig. 3. A 3DP unit for large-scale construction
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v Fig. 5. Construction industry 3DP in-situ

The 3D printing with concrete use. Most companies working in the 3DP
branch have mastered the extrusion of concrete mixes to an extent which makes
it possible to print small objects. However, it is not a satisfying stage of
advancement when it comes to a large-scale engineering. The knowledge of
properties of the produced prefabricates or large-scale parts of the construction
working as one - is absolutely crucial. It is also essential to determine the load
and temperature resistance as well as the materials’ abrasion and fatigue —
which are the few basic mechanical properties achieved in each 3D printing
technology. A substantial fact is that both the density and the type of the filling
of the created structure, along with the printing temperature have a significant
influence on the structures’ durability. For instance, the FDM technology allows
us to manufacture porous structure elements, which reduce the usage of the base
material. However, a change in the structure results in a change of the
mechanical properties of the produced object. When checking the construction’s
behaviour, we should be guided by the materials’ parameters for the emerging
structures, resulting from a certain technology used to manufacture. The
researches carried out so far prove, that for the printed elements, we should be
considering the material parameters obtained experimentally — not the initial
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filaments” (components used for the printing process) ones. The discrepancy
between them is too significant to be taken as negligible.

For the 3D printing technology in civil engineering the researches focused
on developing techniques with the use of cement and concrete mixes as possible
filaments. These are especially compelling. Parameters such as the aggregate’s
grain, the consistency and workability of the mix, and the parameters of
buildability - that allow building up subsequent layers are particularly important.
All the mentioned factors have to undergo quality control. However, a whole
series of questions arises regarding the constructional issues — such as the
automated reinforcement process, the support structure solutions, the lintel
manufacturing etc. and whether it could be done using the 3DP technology as
well — in order to fully automatize the construction processes. It seems to be the
biggest obstacle, therefore a challenge, for the concerned technology, to
implement it in the civil engineering society and large-scale projects.

Presently, the research focuses on the possible use of the FRC (Fiber
Reinforced Concrete) technology, the influence of the rheological properties of
concrete, the comparison of the standards’ approach and its relation and
applicability to the 3DP solutions. Ongoing research is also carried out when it
comes to the possibility of fiber orientation, since ‘the higher the orientation
index, the higher bending resistance’ is achieved (in the fibers’ direction). The
lack of randomness is also desired due to the possible reduction of
constructions’ cracking.

It should also be mentioned that because of the relative indifference when
it comes to the complexity of the project’s geometry, the 3DP technology can
reduce the material used in the cross-sections, where the internal forces do not
require the same dimensions of the cross-section as in the most critical parts of
the concrete construction [2, 3]. Local reduction of the cross-section’s
dimensions, in traditional methods, is not only complicated but also
economically unfeasible. Examples of houses made of concrete printed in 3D
technology are shown in Figs. 6 to 9. Examples of bridge structures in Figs. 10
and 11.

Fig. 6. A facility made in the 3DP technology in Dubai [2]
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W

Fig. 9. DFAB House, in Diibendorf — the first inhabited house made in a
3DP technology
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Fig. 10. Shanghai — a concrete bridge with a 26 meters long span is
currently the longest bridge made in the 3D print technology.

Fig. 11. A prestressed concrete bike bridge in the Netherlands, reinforced
with fibers

Metal 3D printing. A significant development in the 3D technology has
also been spotted in the construction processes using steel as it’s building
material. This 3D printing technology uses laser to bind powdered materials —
including metals [4, 5]. The high-powered laser emits a laser beam that heats the
powder to bind together it’s particles, which are then dispersed in thin layers.
The technology is called SLM — which stands for Selective Laser Melting. After
the printing process is done, selected parts go through a heat treatment. This
technology connects the desired freeform design feature with good mechanical
properties. It also significantly reduces the construction time because it is
quicker than traditional foundry processes thanks to the direct data use from the
CAD softwares. It could reduce the needed assembly time and costs as well. A
visible drawback of the presented method is the cost of the needed industrial
printing units’ components for 3DP (with the use of metal) — such as the
galvanometric scanner or the iterbic laser. Other, commonly known, metal 3DP
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technologies are the EDB, DMLS/SLM or the Laser Cusing. An example of a
metal bridge designed and made in 3D printing technology is shown in Fig. 12.

Fig. 12. A stainless-steel bridgé construction, made with the use of an
automated 3D print technology

The 3DP with the use of synthetics. Synthetics are processed at operating
temperatures, to up to 300°C - depending on the technology and the type of the
printing device used. The used filaments should be brought to a semiliquid state.
Currently the most frequently used materials in the presented technology are
polymers - PA6, PBT, PET, PPS. PEKK and many others. Carbon or glass
fibers as well as aluminium or components which reduce the flammability are
common additions to the polyamides (PA). This enables the interference in the
final stiffness, flammability or the anisotropy of the desired material. The
printing technologies used with synthetics are the SLS, SLA or FDM. They are
all an alternative option for injection moulded products, implementing the
wanted freeform designing to the formation processes.

The SLS technology provides good isotropic mechanical properties, a
flexible design approach, a high durability of the element, high performance (in
accordance with the DIN EN ISO 286-1), easy processing as well as the
possibility to re-use unbound particles of the powder. However, it is not a flaw
free technology. The SLS printed elements are vulnerable to shrinkage and
deformation — so the grooves and small openings are harder to print.

The FDM technology uses materials such as ABS, ASA, PLA, PET or
nylon. It is based on selective settling of the plasticized material (in the nozzle
the material heats to the temperature of 180-260°C) on the bed. Some extra
supporting structures are often needed. There is also an increase of interest in
the production with the use of filaments based on thermoplastic elastomers
(TPE) — especially in medicine — tissue engineering, as well as in the electronics
branch. The ability to modify the mechanical properties of the mentioned
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filaments, along with the processability properties accelerates the still growing
interest in this technology.

Answering the needs of elements bearing with special requirements, it is
possible to use polymer materials with added strengthening components (fibers
etc). It is surely a high potential and very promising technology, considering the
fast development of the composite construction designs. An example of this is
the footbridge with a span of 11m shown in Fig. 13.

e
Fig. 13. A pedestrian bridge made of plastic in the 3D print technology,
where the span measures 11 meters

Conclusion. The construction industry is particularly well-suited to take
the advantages of the 3DP technology however it still seems to be a distant
perspective. The method itself, allows to manufacture prefabricated elements,
small landscape facilities and detached houses, pedestrian bridges (of relatively
little span lengths) etc. On that field, the considered technology is already
prospering. Furthermore, the technology is a great solution for scale models
used by architects. The 3-Dimensional print turned out to be a quick and an
almost unbeatable way of presenting a concept to the potential investors. The
visualization of the project became easier, giving an exact mapping of the
surroundings and the structure itself, which helps to eliminate the risk of
possible architectural or constructional mistakes. The technology facilitates the
implementation of any needed amendments, whereas the scale models became
one of the verification ways of the project’s documentation and the building’s
proportions. However, more research and law regulations are needed to state the
final applicability and limitations of the presented technology. Ensuring the
mechanical properties along with the quality control work together to provide us
with safe elements for the use of large-scale engineering. In the end it is worth
to list down the main advantages and disadvantages of the 3DP
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Advantages:

Reduces power usage by up to 70% compared to traditional methods,
produces less waste,

possible use of recycled materials,

high precision performance of the created elements,

uses less labour lowering its cost in the general cost of the construction

project,

reduces the needed equipment on the construction site,

increases the general safety in the construction industry,

possible to use at night.

Disadvantages:

questionable feasibility of the technology regarding not very complex

projects,

confusing procedures of the digital construction modeling processes,
the costly development of concrete mixes — cement composites,

no completed endurance tests of the used materials,

unregulated legal aspects,

relatively low availability of the possible materials and printing units.
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