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AmnoTtanisn. B Hanr yac Oy/iBenbHA rany3b aKTH-
BHO PO3BUBAETKLCS B Pi3HUX HarpsiMkax. KoHcTpyk-
11 3 BEJTMKUMH MOTIEPEUHUMH TIepepi3zaMu BUTICHS-
I0TBCSI aHAJIOTaMU 3MEHIIICHUMHU B Tiepepizax 3a J0-
MTOMOTOI0 PI3HOTO THUITY TTiICHIICHHSI.

[Tnutu 3 nepexpecno-kineenoi aepesunu (I1KJI)
abo CLT (Cross Laminated Timber) - 11¢ MaCUBHHIA,
OararomapoBo-cKIIeeHU OyIiBenbHUIA MaTepian 3
JIepeBUHU. Y BHCOTHOMY OYIIBHHITBI CTIOpyA Ta
OyziBenb 3 BUKOPHCTaHHSIM [EPEBUHH, IUIUTH 3
IIK]J] € oCHOBHUMHU KOHCTPYKLISIMH JJISl BJIAIITY-
BaHHsI epeKpuTTiB Ta mokputTs. Llapu nuromare-
piay CKJICIOIOTHCS MiX cOOOIO Mifi THCKOM, YTBO-
protoun  (pakTHYHO MOHONITHY TUTy. CyMiXHI
1Iapu AepeB’sHUX JOIIOK 3a3BHYAll yKIIQJaloThCS
MEPIIEHANKYISIPHO OJUH OJHOMY. 3OBHIIIHI MIapu
3a3BHYail MarOTh OJHAKOBY OpPi€HTALil0, a BHYTpi-
ITHI, TIEPIICHANKYISIPHI 30BHIITHIM, MOXKYTh CKJIa-
JaTHCS 3 OLIBIII ISNICBOI ISPEBUHH 3 METOI0 €KOHO-
Mii kormriB. Haifwacrime juist BUpOOHHUIITBA TaKUX
IUIUT BUKOPUCTOBYETHCA AEPEBUHA XBOMHUX HOPiL,
SK HAMJOCTYIHIIIA.

[IpoTe BUrOTOBJIEHHS TAKKX IUTUT ITOTPeOye 3Ha-
YHUX BUTpaT MaTepianiB. ToMy akTyaabHUMU € J0-
cmimkeHHs B cdepi miacwreHHas wmt 3 TIKI mis
3MEHILEHHS IXHBOT'O MOIMEPEYHOTO Mepepizy.

Kommo3uTHi MaTepiany € epeIoBUMH Y ITiICH-
JICHHI KOHCTPYKUIN 3apa3, OCKiNbKH OiNbLIICTH 3
HUX MAlOTh BHUCOKY CTIMKICTh O PI3HHUX XIMIYHHX
BIUIUBIB, TAKUX SIK JIyTH, KUCIIOTH, XJIOPUIH, CyJIb-
¢aru, HitpatH Ta inn. Lle no3Bonse X BUKOpUCTO-
BYBATH SIK y IPOMHUCIIOBOMY Ta CLIbCBKOTOCIIOAAp-
CbKOMY OYIIBHMIITBI, JI¢ BEJIMKHUU BIUIMB 30BHIIII-
HBOTO CEpeNoBHUINAa Ha KOHCTPYKIUIO TMiICHICHY
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KOMITO3UTHUMH MaTepialaMH, TakK i B )KUTIOBHX Oy-
IIBISIX, O€3 IIKOIH I KUTENIB.

Ilicns  amamizy HampyXeHO-AePOpPMOBAHOTO
CTaHy IUITXOM MOJIEITIOBaHHS B IPOTPAMHOMY KOM-
wiekci JIIPA CAIIP mnut 3 TTK]] nigcuieHux Kom-
MMO3UTHUMH CTPIYKaMH Ta MOPIBHIOKOYH 3 aHAIOT14-
HUMH IUTATaMH 0e3 MiJCHJICHHS MOYXEMO 3pOOUTH
BHICHOBKH, IO TaKi MaTepiaal MOXYTb, IyJOBO IT0-
€IHYBaTHCh 3 KOHCTPYKIISIMH 3 MEPEXPECHO-KIICE-
HOI JEpeBUHH, IO3BOJIIIOYH 30UIBIIATH HECYTy
3/IaTHICTh TPU 3MEHIIEHHI iXHBOTO MONEPEYHOTO

nepepisy.
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Kuarouogi ciioBa. [lepe’siHi KOHCTpPYKIIii; Iepe-
XpEeCcHO-KJIeeHa JepEeBUHA; KOMIIO3UTHI MaTepiaiu;
KOMIIO3UTHI CTPIYKH; HAIPYKEHO-Ie()HOPMO-BaHHIMA
CTaH; MiCUJICHHSI.

[TOCTAHOBKA ITPOBJIEMU

Cross Laminated Timber (CLT), abo nepe-
xpecneHo-kieena aepesuna (I1K]1), Bunukmna y
€spori B cepeauni 20-ro CTOMITTS, aje HOTo
PO3BHUTOK 1 MOMYJSAPHICTh 3HAYHO 3pOCIU B
octanHi necatwiittsa. [louatkoBo IIK/[ 6yna
po3pobiiena B Himeuyunni ta llIBeiinapii sik Te-
XHOJIOT1S ISl BUKOPUCTAaHHS MaJIOLIHHUX Yac-
TUH JIEPEBUHH, TAaKUX K Malll JAepeB’siHi Opy-
CKHM Ta IIUIBHIII TTOPOIH JIepeBa.

[epuni 3acrocyBanus [IKJ Gymu obmexe-
HUMH, i BAKOPHCTOBYBAJIUCS TOJIOBHUM YHHOM
y MPOMHUCIIOBUX Ta KOMEPLIMHUX OyniBIsAX, a
TaKOX y JKUTJIOBOMY OyAIBHULTBI B €Bpori.
IIpoTe, 3 pO3BUTKOM TEXHOJIOT'1 BAPOOHUIITBA,
CTaH/IapTiB OE3NEKU Ta YCBIJOMJICHHS BaXJIU-
BOCTI CTajoro OyIIBHUITBA, MOMYJISPHICTH
[TK]] movana cTpiMKO 3pOCTaTH.

VY 21-my cronitti I1K/] ctana mupoko BUKo-
PUCTOBYBAaHUM OY/iBEJIbHUM MaTepiajioM I10
BCHOMY CBITY. BOHa 3HaX0AMTh 3aCTOCYBaHHS
B OY/IIBHUIITBI )KUTIIOBUX OYIMHKIB, TPOMaJICh-
KHUX CHOpYA, OQICHUX KOMIUIEKCIB Ta 1HIIMX
npoekrax. BenuuesHi mepeBaru y MIIHOCTI,
€KOJIOTTYHOCTI Ta HIBUAKOCTI MOHTaXy 3pO-
owm [1K ]l npuBabiimBruM BUOOpOM 1151 Cydac-
HUX OyIiBelIbHUX NPOEKTIB, a HOro icropis
MIPO/IOBKYE PO3BUBATHCS 3 KOXKHUM HOBHM 3a-
CTOCYBaHHSM Ta TEXHOJIOTTYHUM BIOCKOHAJICH-
HSIM.

006’exTom nocaimkens € ity 3 [TKJI. s
BHCOTHOTO OY/IIBHUIITBA CTIOPY/I Ta OY/IiBEIb 3
nepeBuHH, Bukopuctanus mwint 3 [IK]l € ocHo-
BHUM METOJIOM BJIAINTYBAaHHS NEPEKPHUTTIB Ta
nokputtd. JeransHo mpo pociimkenHs [TK/]
IJTAT omrcaHo B [1].

[IpoTte po3mipu [IK/] miiut MoxyTh OyTH 00-
MEKEHUMH 4epe3 00OMEeKeHy MOXKIIUBICTh Tpa-
HCHOPTYBaHHs 400 BUPOOHHY1 OOMEXKEHH, 110
MO>K€ BUMAaraTu JOJaTKOBHX 3'€1HAHD ITaHelei
Ha Micui OyniBHUITBA. ToMy akTyaJlbHUMH €
JOCJIIJDKEHHS B cdepl MiACUIICHHS TaKUX ITUT
JUIl 3MEHULICHHS iXHBOTO MONEPEYHOro Iepe-

pizy.
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Komno3utHi Matepianu € OTHUMH 3 IPOBiJ-
HUX B IIJICWJICHHI KOHCTPYKI[IH Ha JaHUH 4ac.
B poGotax [2-6] moBeaeHa JOIITBHICTh BHKO-
pUCTaHHSA TaKMX MaTepiamiB B pi3HHX cdepax
OyIIBHUIITBA Ta IE€TAJIHHO OMKCAHE MMOETHAHHSI
KOMITO3UTHUX MaTepiaiiB 3 pi3HOTO TUITy KOH-
CTPYKIIiSIMH.

B cBiTi nocmikeHHs 1epeB’THUX KOHCTPY-
KI¥ MiJCUICHUX KOMIIO3UTHUMU MaTepiaiaMu
€ IyX)e aKkTyajabHO Temoro [7-19]. [Ipote Bu-
KOPUCTaHHA KOMIIO3UTHHUX MaTepialliB 3 Je-
PEB’SITHUMU KOHCTPYKIIISIMU IPAKTHYHO HE JI0C-
JipkeHHl B YKpaiHi. BukoHaH1 MOOJUHOKI J10-
CHI/DKCHHS TIJICWICHHS JepeB’sTHUX 0ajoK
KOMITO3UTHOIO apMaTypol0 Ta KOMIIO3UTHUMU
cTpiukamu [20-24].

JlaHHI JTOCHKEHHS aHaji3y HaIpyXeHO-
nedopmoBanoro crany it 3 [IK][ migcue-
HUX KOMITO3UTHUMH CTPIYKaMH BHKOHYIOTHCS
JUTSL BUPIIIICHHS PSITY TPOOJIeM:

1. Amnanizy nigcuwienns it 3 [IK/] kom-
MMO3UTHUMH CTPIYKAMH.

2. JlochijkeHHS BIUIMBY KUTBKOCTI CTpi-
YOK TIJCUJICHHS Ha TUIUTH PI3HOTO TOTEeped-
HOTO TIepepisy.

3. TlommpeHHS BUKOPHCTAHHS KOMITO3UT-
HUX CTPIYOK 3 IHITMMH KOHCTPYKIIISIMH KJI€E€HOT
JIEPEBUHU OKPIM OaJIOK.

META POBOTHU

Hocmigutu HarpykKeHo-1epopMoBaHHIA
ctad twmrt 3 [1K]] miacuneHnx KOMIIO3UTHUMHU
ctpiukamu B nopiBHaHHI 3 [IK][ mmuramu 6e3
TiJICUJICHHS 32 JOMIOMOTOI0 MOJICTIOBAHHS iX B
ITK JITPA-CAIIP i3 BUKOpHCTaHHSIM 00’ €EMHHX
CE ta ampobari€o pe3yabTaTiB 4yepe3 MopiB-
HSTHHSI TOCTIIJKYBaHHUX €JIEMEHTIB 3 Pi3HOIO Ki-
JBKICTIO IIapiB caMoi IUIMTH Ta MPHU Pi3HIN Ki-
JIBKOCTI IIapiB KOMITO3UTHUX CTPIYOK..

OCHOBHE JOCJIIXEHHA

O06’€KTOM YHCEIIBHUX JOCIIKEHBb 0YI10 00-
pano mwutu 3 [TK][ mpsiMOKYTHUX MOTIepeyHNX
nepepiziB, CKICEHUX 3 3-X, 5-u, 7-u mapiB J0-
IIIOK OJHOT'O KJIACy MIIHOCTI 3 MiICHJICHHSIM 3-
a (puc. 1 (6)) Ta 5-a, KOMIIO3UTHUMU CTPIYKAMHU
(puc. 2 (6)) Ta 6e3 HpOTO (pHC. 1.(2), 2 (2)) Ha
JBOX IIAPHIPHUX OMopax, rabapuramu B X H =
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1 M X 4 M, 3aBaHTaXCHUX PIBHOMIPHO PO3MO/i-
JIEHUM HaBaHTA)XEHHSIM 1HTEHCHUBHICTIO |
kH/m.
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Puc.1. I'eomerprdaHa cxemMa OMEPETHOTO MepePi3y IINT 3 TEPEXPECHO-KIICEHOT TePEBUHU:
a - 0e3 MiICUICHHS;
6 — miacwiieHa 3-a KOMITO3UTHAMH CTPiYKaMH.
Fig.1. Geometric cross-section scheme of cross-laminated timber panels:
a - without reinforcement;
b — reinforced with 3 composite strips.
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Puc.2. ['eomerpuyHa cxema MOTNEPEUHOTO MEePePi3y IUIUT 3 TIEPEXPECHO-KICEHOT IEPEBUHU:

a - 6e3 IiICUIICHHS;

6 — mijicuiieHa 5-a KOMIIO3UTHUMHU CTPIYKaMU

Fig.2. Geometric cross-section scheme of cross-laminated timber panels:

a - without reinforcement;
b — reinforced with 5 composite strips.

B nporpamunomy kommiekci JIIPA-CAIIP
3monemoBai Mty 3 [IK/[, nonepeunnii ne-
pepi3 sSIKuX CKJIafaeThes 3 3-X, 5-u Ta 7-U mapis
JIOIIOK JIEPEBUHM OJHOTO Kiacy MinHocTi C24,
TOBILUHOIO / = 2 CM, SIK1 JUI YUCEIBHUX OCTi-
JDKEHb, MOJIEIIOBAINCL 00’€MHHUMH CKIHYEH-
HumHu enemenTamu CE Ne36. 3aranbHi po3mipu
MOTIEPEYHHUX MEepepi3iB IUIUT NpUUHATO B =
1000 cm, H1=6 cm, H» =10 cm, Hz = 14 cm,
BIJIMOBITHO TSI KUIBKOCTI IapiB B Mepepisi.
MexaHiuHI BIacTUBOCTI (MOAYJI HPYKHOCTI
JIEPEBUHM B3JIOBXK Ta IMONEPEK BOJIOKOH, MO-
IyJb 3cyBY Ta Koediuientu Ilyaccona) monepe-
YHHUX Mepepi3iB IIUT skl 3 MoxaenboBaHo CE
Ne36, 3agaBanucy OKpeMo Il MOB30BXKHIX Ta
MOTIEPEYHUX I11apiB JOUIOK.
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[Ipu MopnentoBaHHI IUJIMT 3 MiJCHICHHIM
KOMIIO3UTHUMH cTpiukamu Sika CarboDur
S1012, saxi 3mopenboBaHo 00’emuumu CE
Ne36, nomaTkoBO 3amaBaiduch IX MEXaHIYHI Xa-
PaKTEepUCTUKH (MOAYJb MPY>KHOCTI B3/10BX BO-
T0KOH, Koedimientu [lyaccona).

3a pesyiapTaTaMu YHCEIbHHUX JOCIIIKEHb
MCE pns umat 3 K] 6e3 miacuieHHsT KOMIIO-
3UTHUMM CTpIYKaMH Ipu oOpaHux radapurax
Ta BUCOTOIO TMIOTIEPEYHOTO TIepepi3y M0 CKIa1a-
€TbCs 3 3-X 1mapiB 1o1mok (H1 = 6 cM), pu piB-
HOMIPHO pO3MIOJIJIEHOMY HaBaHTa)XeHHI B 1
kH/M, oTpumainu i30mosns BepTUKaIbHUX 1edo-
pMmanii (puc. 3) Ta 13010J11 MAaKCUMaJIbHUX HO-
pMaJIbHUX HalpyXeHb B3/I0BX BOJIOKOH Jepe-
BUHHU (puc. 4).
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Puc.3.[3om0ms BepTukanbaux medopmartiit mmut 3 [1K][ 6e3 migcuiaeHHs KOMIIO3UTHAMH CTPidKaMH Ta-
Oapuramu B X L =1 X 4 M Ta BUCOTOIO MONEPEYHOTO MEPePi3y L0 CKIANAETHCS 3 3-X IapiB TOIIOK
MIPU PIBHOMIPHO PO3MOAUICHOMY HaBaHTaxeHHi B 1 kH/M.

Fig.3. Isopleths of vertical deformations of cross-laminated timber panels without reinforcement with di-
mensions B x L =1 x 4 m and a height of the cross-section consisting of 3 layers of boards under
uniformly distributed load of 1 kN/m.
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Puc.4.130m0151 MakcUMalbHUX HOPMAJIbHUX HAIPYKEHb B3JI0BXK BOJIOKOH AepeBuHu 1wint 3 [1K]] 6e3 mi-
JICWJICHHSI KOMIIO3UTHAMH CTpiuKaMy radaputramu B X L = 1 X 4 M Ta BHCOTOIO TIOTIEPETHOTO TIepe-
Ppi3y IO CKIaAaeThes 3 3-X MAapiB AOIIOK IPH PiIBHOMIPHO PO3MOIiIEHOMY HaBaHTaxeHHi B 1 kH/m.

Fig.4. Isopleths of maximum normal stresses along the wood fibers of cross-laminated timber panels with-
out reinforcement with dimensions B x L = 1 x 4 m and a height of the cross-section consisting of
3 layers of boards under uniformly distributed load of 1 kN/m.

6) TIpu aHAJIOTIYHOMY HaBaHTAXXEHHI TUTUT 3
BinmoBigHi i30mosi BepTHKAIBHUX Jedop- ITK/ 3 migcuieHHsM 3-a KOMIIO3UTHUMH CTpi-
Mailiit (puc. 5) Ta MaKCUMaJIbHUX HOPMAJIbHUX YKaMH.
HANPY>XCHb B3JIOBXK BOJIOKOH JEPEeBHHHU (pHC.
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Puc.5. [RBonons Beptukanbuux aedopmaniid mmt 3 [TKJ] 3 miacuneHHsM 3-a KOMIIO3UTHUMH CTPiUKaMU
rabaputamMu B x L = 1 X 4 M Ta BUCOTOIO TOTIEPEYHOTO Mepepi3y, MO CKIAAAETHCS 3 3-X MapiB
JOLIOK IpY PiBHOMIPHO pO3IoineHoMy HaBaHTaxkeHHi B 1 kH/m.

Fig.5. Isopleths of vertical deformations of cross-laminated timber panels reinforced with 3 composite
strips with dimensions B x L = 1 x 4 m and a height of the cross-section consisting of 3 layers of
boards under uniformly distributed load of 1 kN/m
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Puc.6.130mou1s1 MakcuManbsHUX HOpMAJIBHUX HANPYKeHb B3AOBXK BOJIOKOH AepeBuHH T 3 1K/ 3 miacu-
JIEHHSAM 3-a KOMITO3UTHHUMH CTpiukamMu radapuramu B X L = 1 X 4 M Ta BUCOTOIO TIOIIEPEUIHOTO
nepepisy, U0 CKJIAAAaEThes 3 3-X MIapiB TOLIOK MIPHU PIBHOMIPHO PO3MOAIICHOMY HaBaHTaXXCHHI B |
kH/Mm.

Fig.6. Isopleths of maximum normal stresses along the wood fibers of cross-laminated timber panels rein-
forced with 3 composite strips with dimensions B x L = 1 x 4 m and a height of the cross-section
consisting of 3 layers of boards under uniformly distributed load of 1 kN/m.

MOTIEPEYHOT0 Tepepizy, MO CKIANAEThCS 3 3-X

1apiB JOIIOK, PU PIBHOMIPHO PO3MOA1IEHOMY

[ToBHI pe3ynbTaTH YHUCENBHUX IOCHIKEHb HaBaHTaxeHHI | kH/M npencrasneno B Tabdm. 1.
MCE pns mumar 3 [TK ] miacuiaeHnx KOMIIO3UT-
HUMH CTpiYKaMH Ta 0e3 MiJIICHICHHS BUCOTOIO
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Ta6u1. 1. 3HaueHHs BepTHKAIBHHX JleopMalliil w, Ta MAKCUMATbHAX HOPMAJIbHUX HATPYKEHb Oy q JJISI TUTAT
3 1K/ migcuineHnx KOMIO3UTHUME CTPIYKaMH Ta 0€3 MiICUIICHHS, BUCOTOIO MIONIEPEYHOTO Mepepisy,
IO CKIIAJIAETHCS 3 3-X IIapiB JOIIOK, IPH PiBHOMIPHO PO3IOAIJICHOMY HaBaHTaXeHHI B 1 kH/M.

Table 1. The values of vertical deformations w and maximum normal stresses o, s for cross-laminated timber
panels reinforced with composite strips and without reinforcement, with a height of the cross-section
consisting of 3 layers of boards, under uniformly distributed load of 1 kN/m.

ToBmIMHA IIUTH

Tpu mapu momok (H; = 6 cM)

MeToANKH PO3PAXYHKY EI (W,), kHem? (em?) W, MM Oma » KH/cM?
MCE 3 06’emunmu CE Ne36 0e3 micuIIeHHS 17,4 0,229
MCE 3 06 emuumu CE Ne3g | TSI TPBOMA KOMHO- 13,8 0,15

3UTHUMH CTPIYKaMHU
BincotkoBa pi3HUI 20% 34%,

Huxue HaBeneHO 130MOJS BEPTHKAIBHHUX
nedopmariii (puc. 7) Ta i30M0JIT MaKCUMAab-
HUX HOpPMaJIbHUX HaNpPYKeHb B3JJ0BK BOJIOKOH
JepeBUHU (pHC. 8) IpU aHAJIOTIYHOMY HAaBaHTa-
keHHi Ha it 3 [IK]l 3 migcuneHHsaMm 5-a
KOMITO3UTHHUMH CTPIYKaMH.

[ToBHI pe3ynbTaT YHUCETBHUX AOCITIIKEHBb
MCE s ot 3 TIK] migcuneHux 5-1b KOM-
MMO3UTHUMHM CTPiYKaMu Ta 0€3 MiJCUICHHS, BU-
COTOI0 TOTNEPEYHOro Tepepi3dy, MO CKiIajaa-
€TBCS 3 3-X IIapiB JOMIIOK, IPH PIBHOMIPHO PO-
3MOICHOMY HaBaHTaxeHHi | kH/M mpencraB-
JIEHO B Ta0JI. 2.

123 108 925 EXT) 617 462

01
Isomons repevimens 10 Z(G)
[e——

]
308 EETS 1236007 125007 1260005

z
Y x

Puc.7.130omoms BepTukaibHuX aedopmartiit maut 3 [IKJ] 3 miacuieHHsIM 5-a KOMIIO3UTHUMHU CTPIYKaMHU
rabapuramu B x L = 1 X 4 M Ta BUCOTOIO TIOTIEPEYHOTO TEPepi3y, IO CKIAAAETHCS 3 3-X IIapiB
JIOIIIOK TIPY PIBHOMIPHO PO3MO/IiIcHOMY HaBaHTakeHHI B 1 kH/M.

Fig.7. Isopleths of vertical deformations of cross-laminated timber panels reinforced with 5 composite
strips with dimensions B x L = 1 x 4 m and a height of the cross-section consisting of 3 layers of
boards under uniformly distributed load of 1 kN/m.
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Puc.8.[30moms MakcuMaIbHUX HOPMATBHUX HANPY>KEHb B3J0BXK BOJOKOH NepeBuHu ot 3 [IK/] 3 mincu-
JICHHSIM 5-a KOMITO3UTHHMH CTpiukaMu rabaputamu B x L = 1 X 4 M Ta BHCOTOIO MOTEPEYHOTO
mepepizy, Mo CKIIATAETHCS 3 3-X IMIapiB TOMIOK MPY PIBHOMIPHO PO3MOIIJICHOMY HaBaHTaKCHHI B 1

kH/m.

Fig.8. Isopleths of maximum normal stresses along the wood fibers of cross-laminated timber panels rein-
forced with 5 composite strips with dimensions B x L = 1 x 4 m and a height of the cross-section
consisting of 3 layers of boards under uniformly distributed load of 1 kN/m.

Ta6u1. 2. 3HaueHHS BEpTUKAIBHUX JeopMalliil w, Ta MAKCUMATbHAX HOPMAIbHUX HATPYKEHD Oy q JJISI TUTAT
3 TTK]I mificnieHuX KOMIIO3UTHUMH CTPiuKaMu Ta 0e3 IMiICUIICHHS, BUCOTOIO MOMEPEUHOTO epepisy,
0 CKJIAMIAETHCS 3 3-X IIapiB JIOMIOK, TP PIBHOMIPHO PO3IMOAUICHOMY HaBaHTaxeHHI B 1 kH/M.

Table 2. The values of vertical deformations w and maximum normal stresses o, 4, for cross-laminated timber
panels reinforced with composite strips and without reinforcement, with a height of the cross-section
consisting of 3 layers of boards, under uniformly distributed load of 1 kN/m.

ToBuIMHA IUTH Tpu trapu momok (Hi = 6 cm)
MeToauKK pO3paxyHKy EI (W,), kHem? (em?) W, MM Om.d , KH/cM?
MCE 3 06’emuumu CE Ne36 | 6e3 migcuieHHs 17,4 0,229
MCE 3 00’emaumu CE Ne36 | migcuneHna H’.SITI)Ma KOMIIO- 123 0.118
3UTHUMH CTPIYKaMHU ’ ’
BincoTkoBa pizHUIISL 29% 48%

3 MpOBeIEHUX YHCENBHUX JOCIiIKEHb 3PO-
3yM1JIO, IO JJISl IOCHI/DKYBaHUX TUTHT 3 KIICE-
HOI JIEPEBUHH OJHOTO KJacy MIIIHOCTi, BUCO-
TOIO TIONIEPEYHOTO MEePepi3y MO CKIATAETHCS 3
3-x mapiB gomok (Hi = 6 ¢cM) 3 MiJICHICHHIM
3-a KOMITIO3UTHUMH CTPIYKaMH TIPU PIBHOMIPHO
po3mnoaineHoMy HaBaHTaxeHi B 1,0 kH/m, min-
HICTh Ha PO3TAT 30UIBLIYETHCS OLBIN HIXK Ha
34%, HDK aHAJIOTiIYHI Oanku Oe3 IMiACHUIICHHS
KOMITO3UTHIUMH CTpIYKaMH. A TepeMillleHHs
TaKUX IUIT IPH apMyBaHHI 3-a CTpidKaMu 3Me-
HIIyeThest OubI HiX Ha 20%. BignosinHo mis
JOCII/PKYBAaHHUX TUIAT IiACHICHUX 5-a KOMIO-
3UTHUMHM CTPIYKaMH TPH aHAJOT1YHOMY PiBHO-
MIpDHOMY HaBaHTa)X€HHI MIIHICTh Ha PO3TST
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301bIIyeThest Olnbll Hik Ha 48%, a mepemi-
IICHHS TaKUX IJIAT 3MEHIIMIUCH O1IBIII HIXK Ha
29% BIIHOCHO HE HiJCUICHUX.

BinbIn geTansHO poO3rIISTHEMO BiICOTKOBE Bi-
JTHOIICHHS BIUIMBY IIJCHJICHHS Ha TUIMTH 3
ITK]] 3a momomoror jgiarpam MOPiBHSIHHS, JI€
HaBEJICHI BIJICOTKH 3MEHIICHHS BEPTHUKAIbHUX
nedopMaliiii mcis miaCcIeHHs 3-a Ta 5-a KOM-
MMO3UTHUMH CTpiukamu (puc. 9) Ta BiJICOTKOBE
3MCHIIIEHHS MaKCUMaJIbHUX HOPMAJIGHUX Ha-
NPYXEHb B3JIOBXX BOJIOKOH JI€PEBHHU TUIHAT 3
ITKJI micis mijacuiIeHHs 3-a Ta 5-a KOMITO3UT-
HUMH cTpiukamu (puc. 10).
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N
[e)

)
S

Bincortok, %

(e}

3 mapu AomOKIapiB JOMIGRIAPIB JOIIOK

TopmuHa nonepeunoro nepepizy mut 3 [TK/]

¥ BiJICOTOK 3MEHIIICHHS IeopMalliii Tpu apMyBaHH1

TpbOMa CTPiuKaMHu

Puc.9. liarpama BiZICOTKOBOTO 3MEHIIIEHHS BEPTUKAIBHAX AeopMarlliil mcis miacuieHHs 3-a 1a 5-a KoM-
no3uTHUMU cTpiukamu mnT 3 1K/ pi3HOT TOBIIMHK ONIEPEYHOr0 Hepepizy.

Fig.9. Diagram of the percentage reduction in vertical deformations after reinforcement with 3 and 5 com-
posite strips of cross-laminated timber panels of different thicknesses of the cross-section

[N S N
oS o O

Bincoroxk, %

[e)

3 mapu 1omdKIapiB JOMGKIIAPIB TOIIOK

ToBmurHa nonepeunoro nepepisy miut 3 [TK/]

n Bi,Z[COTOK SMCHIICHHSA MaKCUMAJIbHUX HOPMAJIbHUX
HaIpy>XeHb IIPU apMyBaHHI TPhOMA CTPIYKAMHU

Puc.10. [JiarpaMa BiZICOTKOBOI'O 3MEHIICHHS! MaKCUMAIILHIX HOPMAaNbHUX HAIPYKEHb B3/I0BX BOJIOKOH
TICIA miacuiIeHHs 3-a Ta 5-a koMrmo3uTHUMH cTpidkamu wuT 3 [IK]] pi3HOiT TOBIIMHYN TIoTIeped-

HOTO Tepepizy.

Fig.10. Diagram of the percentage reduction in maximum normal stresses along the fibers after reinforce-
ment with 3 and 5 composite strips of cross-laminated timber panels of different thicknesses of the

cross-section

3 HaBeIeHUX TpadikiB 3MEHIIICHHS BEPTHKA-
JTHHUX NedopMalliii Ta MaKCUMaJIbHUX HOpMa-
JBHUX HAIPYXXEHb B3JIOBX BOJOKOH MiCIs Mif-
CHJICHHS 3-a Ta 5-a KOMIIO3UTHHUMH CTPIUYKaMu
uT 3 [1K]] pi3HOT TOBIIMHM TOTIEPEYHOTO TIe-
pepi3y BUIHO, IO MPH 301IbIIECHI TOBIIMHY T10-
MIEPEYHOT0 Mepepisy, BILUTUB MiACUIICHHS Ha Jie-
dopmartii ot 3 [TK]] 3MeHITyeThCs Bi O1IBIIT
Hixk 20% mo menm Hixk 15% npu apmyBaHHi 3-
a KOMITO3UTHUMH CTpPiYKaMH, Ta BiJl Maiike
30% no menm Hik 25% mnpu apMyBaHHI 5-a
KOMIO3UTHUMH cTpiukamu. 11010 3MeHIIEHHS
MaKCHUMallbHUX  HOPMaJbHUX  HaIpYyXEHb

36

B3JIOBK BOJIOKOH ITiCJIs MiJACHUJICHHS, TO IIiJICH-
JeHHs 3-a CTpiYKaMHM KOMIIO3UTHHX CTPIYOK
3menmnye Bix 35% nmo maibke 20%, a mijacu-
JICHHSI 5-a KOMIIO3UTHHMH CTPiYKaMH 3MEHIITYE
MaKCUMaJbHI HOPMaJbHI HANpPYXXEHHS Bif
maiixke 50% no maxe 30%.

BMCHOBKMU I IIEPCIIEKTMBU
IMOAAJIBIINX JJOCJIIJPKEHD

[IpoBiBmIM aHaii3 HampyKeHO-aAePOpPMO-Ba-
HOT'O CTaHy IIISIXOM MOJICTFOBAaHHS B ITPOTPaM-

Homy komrutekci JIIPA CATIP mmut 3 TIK/] mi-
JCWJICHUX KOMITO3UTHUMU CTPIYKaMU Ta
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MOPIBHIOIOYHM 3 AHAJIOTIYHUMHU IUTUTaMH Oe3
MIICUJICHHST MOXHA 3pOOUTH HACTYIHI BUCHO-
BKH:

1. 3a pozpaxyukom MCE B IIK JIIPA-
CAIIP mmutu 3 TIK]l mijgcuieHi KOMITO3WT-
HUMH CTPIYKaMHU 3 BYTJICIIEBUX BOJIOKOH Sika
CarboDur §1012 maroTh B cepenapoMy Ha 20%
O1IBLTY )KOPCTKICTH Ta Ha 32% 3MEHIIYIOTh HO-
pMaJIbHI HAMPY)KEHHS B PO3TATHYTUX BOJOKHAX
nepeBuHi B aHajoriyHux muT 3 [1IK/] He mia-
CWJICHUX KOMITO3UTHUMHU CTPIYKaAMHU.

2. Ilipcunenns muuat 3 [IK]] € 6ibm ede-
KTUBHUM JJIS TUTUT 3 MEHILIUM TTOTIEPEYHUM I1e-
pepi3oM Ta BiZIMOBITHO 0 TOTpeO OyMIBHUIITBA
MO’KHa 30UIbIIYBaTH KUIBKICTh KOMIIO3UTHHUX
CTPIYOK, K1 3MEHIIIYIOTh Aedopmartii Ta 3011b-
HIYIOTh Hecyuy 3aaTHicTh uT 3 TTK/].

3. Jlani 1oCiIKEHHS T03BOJISTIOTH PO3IITH-
puTH cepy 3aCTOCYBaHHS KOMIO3UTHUX CTpi-
4oK K Jy1s1 HoBUX kT 3 [1K/] Tak 1 mis migcu-
JICHHS BXKE 1CHYIOUHX.

4. B HOpMaTUBHHMX JOKYMEHTaxX YKpaiHU
[21] BigCyTHI BKa3iBKH, IIOJ0 PO3PAXYyHKY Ta
npoekTyBaHHsl KoHCTpyKiii 3 IIKJ[ migcume-
HUX KOMIIO3UTHHUMHM CTPIYKaMH, TOMY MIaHHI
JOCTII)KEHHST MOXHAa BUKOPHUCTOBYBATH ISt
MOJIATIBIIIOT peatizallii iX B HOpMaTUBHUX JOKY-
MEHTax.

Takox, BaXIJIMBO 3a3HAYUTH, 110 MOJEIIO-
BaHHS KOMIIO3UTHUX CTPIYOK B MPOTPAMHOMY
komruiekci JIIPA CAITP notpeOye Oinbi neta-
JBHUX AOCTIIKEHB 715 OfiepKaHHs TOYHUX pe-
3yNIbTaTiB OpU iX CyMmicHId poOoTi 3 1e-
PEB’THUMHU KOHCTPYKIIISIMU.
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ANALYSIS OF STRESS-STRAIN STATE
OF PLATES MADE OF
CROSS-LAMINATED TIMBER
REINFORCED WITH
COMPOSITE TAPES

Denis MYKHAYLOVSKYI,
Mykola KOMAR,
Oleg KOMAR

Summary. In our time, the construction industry
is actively developing in various directions. Con-
structions with large cross-sections are being re-
placed by counterparts with reduced cross-sections
using various types of reinforcement.

Cross-laminated timber (CLT) panels are a mas-
sive, multi-layered glued timber construction mate-
rial. For high-rise building structures and wooden
buildings, the use of CLT panels is the primary
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method for arranging floors and roofs. Layers of
timber are glued together under pressure, forming a
virtually ready-made panel. The layers of timber la-
mellas are laid perpendicular to each other, trans-
versely. The outer layers usually have the same ori-
entation, while the internal layers, perpendicular to
the outer ones, may consist of cheaper wood to save
costs. Most often, softwood is used for the produc-
tion of such panels as the most affordable.

However, the production of such panels requires
significant material costs. Therefore, research in the
field of reinforcement of CLT panels to reduce their
cross-section is relevant.

Composite materials are leading in structural re-
inforcement now, as most of them have high re-
sistance to various chemical influences, such as al-
kalis, acids, chlorides, sulfates, nitrates, and others.
This allows them to be used both in industrial and
agricultural construction, where there is a signifi-
cant impact of the external environment on struc-
tures reinforced with composite materials, and in
residential buildings, without harm to residents.

After analyzing the stress-strain state through
modeling in the LIRA CAD software package of
CLT panels reinforced with composite strips and
comparing them with similar panels without rein-
forcement, we can conclude that such materials can
be excellently combined with cross-laminated tim-
ber structures, allowing to increase the load-bearing
capacity while reducing their cross-section.

Keywords. Wooden structures; cross-laminated

timber; composite materials; composite tapes;
stress-strain state; reinforcement.
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