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Ha ocHoBI xociaizxeHb podoTH 02JIOK i3 KJIEE€HOI IepeBHMHHM 3 KOMOIHOBaHUM
apMYBaHHSM IPOBEJICHO aHAJI3 HIIAXIB MiIBUIIEHHS KOPCTKOCTI €JIEMEHTIB,
0 NMPANKIThL Ha mnomnepeuyHuid 3ruH. KoHcTpykumis Oanok mependavasia
YIOCKOHAJICHHSl eJIeMEHTIiB 3 KJIEEHOI /JepeBHMHH, 10 MNpPallTh Ha
NoNepeYHUd 3rUH, NUIAXOM KOMOIHOBAHOI0 AapMYBAaHHS. APMYBaHHS
CTHCHYTOI 30HH e€JIeMEeHTa, $K HaHOiIbm caadKkoi, AJdf 3amo0iraHHs
YTBOPEHHSI CKJIAJAKH, NPOBOAUJIOCH CTAJEBOI CTEP:KHEBOK apMaTypolo.
ApMYBaHHSI PO3TATHYTOI 30HM — 30BHIIIHBOK IOJIMEPHOK KOMIIO3UTHOIO
CTPiYKOK a00 TmomepeIHbO HANPYKEHOW KOMIIO3UTHOK CTPIiYKOK0 i3
BHCOKOMIIIHUX KOMIIO3UTHMX MarepiajgiB. 3a paxyHOK apMyBaHHSl 0aJIOK
TAKMM YHMHOM,Ta aHAJI3y iX po0OTH, PO3pPo0JeHi METOAMKH 30iJbIICHHS
JKOPCTKOCTI eJIeMEHTIB 3 CYUiJIbHOI YM KJICEHOI JePeBHHHU 3a CYNPOTHUBY iX
nonepeyHomy 3ruHy. Jlami meroaukm 3acHoBaHi Ha 0a3i NPHITHATOrO
“pO3paxyHKOBOr0 NMONEPEYHOro mepepizy”’ Ta YOTHPHOX CTAINl HANPYKEHO-
neopMOBaHOI0 CTAaHY eJIeMEHTa 3 [IePeBHHH, IO NPALIOE HA TONEepPeYHHI
3rUH.

Abstract.On the basis of researches of work of beams from glued wood with
the combined reinforcement the analysis of ways of increase of rigidity of the
elements working on cross bending is carried out. The design of the beams
provided for the improvement of glued wood elements by combined
reinforcement. Reinforcement of the compressed zone of the element, as the
weakest, to prevent the formation of folds, was carried out with steel rod
reinforcement. Reinforcement of the stretched zone - by external tape
reinforcement and tape prestressed reinforcement from high-strength
composite materials.Due to the reinforcement of the beams in this way, and
the analysis of their work, methods have been developed to increase the
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stiffness of elements made of solid or glued wood for resistance to their
transverse bending. These techniques are based on the accepted ''calculated
cross section' and four stages of the stress-strain state of the element of wood
working on the transverse bend.

New experimental data on the change of stiffness of glued wood beams due to
the use of combined reinforcement are obtained. Based on the tests and
comparative deflections of non-reinforced and reinforced beams with steel rod
reinforcement glued to the grooves of the compressed zone and composite
carbon fiber tape glued to the outside of the stretched zone.

Reinforcement of the compressed and stretched zone gives noticeable results.
Therefore, for samples GRB-16A, GRB-16B with a reinforcement diameter of
16 mm in the compressed zone, the value of the deflection was achieved at a
load, on average, 39% greater than for non-reinforced beams. However, it
should be noted that the total bearing capacity of these samples was the
largest. Samples with 12 mm reinforcement in the compressed zone showed
higher rigidity. For them, the maximum deflection was achieved under load,
which is 61% more than the average value for non-reinforced samples.

Due to the pre-tension of the Sika CarboDur S-512 tape in the beam with 12
mm reinforcement in the compressed zone, a bend f ’= 4.72 mm was created,
due to which it doubled and became 16 kN * m.

It is urgent to continue systematic studies of the stiffness of glued wood beams
under external loads and to obtain statistically reliable data to achieve the
highest load-bearing capacity for the second group of limit states at different
temperature and humidity operating conditions.

Kiaro4uoBi cjioBa:kiieeHa JICpeBUHA, JKOPCTKICTh, HECydYa 3JIaTHICTh,CTajcBa
apMarypa, KOMIIO3UTHa apMaTypa.

Glulam, stiffness, load-bearing capacity, steel reinforcement, composite
reinforcement.

Beryn.HaiiGuibin mommpeHo npyu BUKOPUCTAHHI €JIEMEHTIB 3 JIEPEBUHHU, SIK
HECyuHX, B OyIIBIISIX 1 ciopyax, € podora iX Ha 3ruH. PilleHHIO 3a/1a4l Hecy4oi
3IATHOCTI Ta >KOPCTKOCT1 3a 3TMHY JEPEB SIHOTO €JIEMEHTa MPUCBSYCHO BEIUKa
KUTBKICTB po0iT[1-16], 60 caMe 3 TOUKH 30py MPAKTUKYIOUOTO iHXKEeHepa 11t poboTa
HanOUTbII 11ikaBa. Hecyda 3gaTHICTH Oanok 3 AEpEeBMHM JOCUTH 3HAYHA 1 MOXKHA
TOBOPUTH, 1110 CMIBPO3MIPHA, B MOPIBHSAHHI, 3 TAKUMH X €JIEMEHTaMHu 3 1HIIUX
marepianiB. Ta oOMEXeHHSIM B IIMPOKOMY BHUKOPHCTaHHI OaJlOK 3 JIEPEBUHU B
OyJIBHUIITBI € 3a0e3MeUeHHs] iX YMOBHOPMAJIbHOI €KCIUlyaTalliiza Jpyroi rpynu
IPAaHUYHOrO CTaHy - TOOTO 3a0e3MeUeHHs! KOPCTKOCTI. SIK Moka3zye NpakTHKa,
KOPCTKICTb OaJIOK 3 JCPEBUHM MOXHA ITiJIBUIIUTH,301IbIIUBIIA MOTICPEUYHUIN
nepepi3 eJIeMeHnTa ado 3a JOMOMOTOI apMyBaHHS MaTepiaiaMu 3 OUIBII BUITUMHU
MEXaHIYHIMH XapaKTePUCTUKAMHU.
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Meta Ta 3aaa4i gociaigxenus. Metoro poOoTu Oy0 JOCTIINTH POOOTY OaOK
13 KJIe€HOT IEPEBUHM 3a Jii KOPOTKOYACHOTO HaBaHTAXEHHS Ha TIPEAMET iX poOOTH
3a Apyroi cTaaii TpaHMYHUX CTaHIB Ta 3alpOTIOHYBAaTH IUISAXW TOIMIICHHS Ta
YIOCKOHAJICHHA JIaHO1 KOHCTPYKIII.

3a KpUTEPIMBTPATHHECYUOi3JaTHOCTINEPEPI3yNO APYTid TPyHi TpaHUIHUX
CTaHIB TPUHHATO3HAYECHHS 3TMHAIOYOTO MOMEHTY 3a JOCSTHEHHS TPAaHWIHOTO
MPOTUHY €JIE€MEHTOM.

BukijianeHHsi 0CHOBHOI0 Martepiajy. banku i3 KJIeeHOi JepeBUHU apMOBaHi,
HEapMOBaHI Ta TOMEPEIHBO HAMPYKEHI BHTOTOBJISIMCS HoBxkHHO0 3000 MM Ta 3
po3mipamu momepednoro mepepizy 100 x 150 wmwm./leper’sHi3ruHaIbHI
eJeMeHTHOYJIM BUNPOOYBaHI3a CXEMOI JIOCIIJIHOT YCTaHOBKM (puc.l) B KliIbKa
cepiii (tadm. 1).

Hydraulic jack

Deflectometer Deflectometer

Traverse Dynamometer
Beam under study Metal plate
/ | ; Wooden plate
7
I

I !
I Wooden plate T
A Deflectometer C Metal plate B

50 900 L 900 900 50
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3000

Puc. 1. Cxema BunpoOyBaHHs 0anok

[Tepma cepist 6anok i3 kieeHoi nepesunu GB HamiuyBana nBi 6anku (GB-A ta GB-
B), siki Oynu eTalOHHUMHU.

banku npyroi cepii Oynu 3 oauHoyHUM apmyBaHHsAM. banka GRB-12C
apMoBaHa JBoMa ctepxkHsIMU aiamerpoM 12 mm kimacy AS00C B cTUCHYTIHN 30H1
0e3 apMyBaHHS pO3TATHYTOI 30HH, a Oamka GRB-12D nBoma crepxHSIMU
miametpoM 12 mm kiacy AS00C B po3TsrHyTiit 30HI 6€3 apMyBaHHSI CTUCHYTOI
30HU.

banku tpetboi cepii GRB-12A ta GRB-12B Gynu apmoBani y cTUCHYTI! 30H1
CTaJIeBOIO0 apMaTypor0 y BUTJISIL ABOX CTEpxkHIB JiameTpoMm 12 mMm kiacy AS00C
Ta KOMIO3UTHOIO cTpiukoro SikaCarboDurS-512, sika Oyna HpHUKIEEHOIO 30BHI
PO3TATHYTOT 30HUBIANOBITHO 10 [17]. BigpizHsmcs oHa BiJ 01HOT OaTKH TPETHOT
cepii TuM, 00 KOMIO3uWTHa cTpiuka B 3pasky GRB-12B npomarkoBo Oyna
AHKEpOBAaHA y TPHOMOPHUX [IISHKAX Oaliku, JUisi 3amoOiraHHs BIIPUBY YU
MpOKOB3yBaHHIO. [ aHKepyBaHHS OyJlO BHUKOPHUCTAHO MOJIOTHO 3 BYIJIELEBHX
BosIokoH SikaWrap-230 C, sike kpinuiocs o nepuMeTpy Oaku.
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Tabmumsa 1
XapaKTepHUCTHKH JOCTITHAX 3pa3KiB OaoK

I'pannu-
Ne K-cTb HUM
... | [lo3HaueHHs ApMyBaHHs .
cepii 3pa3KiB | MOMEHT
(xHem)
I GB-A HEapMOBaHa 1 7.5
GB-B HEapMOBaHa | 8.0
" GRB-12C 20012 A500C (CtucHyTa 30Ha) 1 8.0
GRB-12D 20312 A500C (Po3TsirnyTa 30Ha) 1 9.6
GRB-12A 212 A500C + Sika CarboDurS-512 1 12.5
1 GRB-12B 2412 A500C + Sika CarboDurS-512 1 12.5
GRB-16A 2316 A500C + Sika CarboDurS-512 | 11.2
v GRB-16B 20316 A500C + Sika CarboDurS-512 1 10.4
v GRB- 2012 A500C + SikaCarboDurS-512 1 16.0
12(Prst) (Prst)( IlonepeaHpo HanpyxeHa)

ApmoBaHi Oanku yetBepToi cepii GRB-16A ta GRB-16B Oynu BHUroToBieHI
AQHAJIOTIYHO JO0 TpeThoi cepli 3 €IMHOK BIJMIHHICTIO, 110 y CTHUCHYTIN 30HI1
BUKOpHUCTaHO 2 ctepxHi apmarypu AS00C niametpom 16 mm.

Takoxx OyJi0 JTIOCIKEHO po0OoTy I1ie ojHiel aepeB’ssHo1 Oankum’ sitoi cepii GRB-
12(Prst). bankan’sitoi cepii GRB-12(Prst) Oyma apmoBaHa y CTHUCHYTIH 30HI
CTaJIeBOIO0 apMaTypor0 y BUTJISIAL JABOX CTEpxkHIB jiamerpoMm 12 mMm kitacy AS00C
Ta MONEPEIHHO HAIMPYKEHOI KoMMo3uTHOIO cTpiukoro SikaCarboDurS-512, sxa
OyJia MPUKIIEEHOIO 30BHI PO3TIArHYyTO1 30HU. [lonepene HanpyKeHHS KOMITO3UTHOT
ctpiukuSikaCarboDurS-512npoBoaunocs 3rinHopexomenaariii [18].

JInst BU3HAUEHHsI MPOTMHIB O0aJIOK BUKOPUCTOBYBANIMCH IporuHoMipu 6-ITAO.
BoHU BCTaHOBIIIOBAJIMCH MOCEPE/IMHI MTPOJILOTY Ta HAJ ONOpaMU i BU3HAYCHHS
POCiJITaHHs OaJIKU Ha CaMUX OIOpax.

Ha ocHOBI OTpuMaHUX €KCHEPUMEHTAIbHUX JaHUX Yy pe3yJbTaTli BUIPOOyBaHb
Oysno moOyaoBaHo rpadik 3a1eKHOCTI MPOTHHIB 0aJOK MOCEPEANHI MPOJIbOTY BIJ
3TUHAJIbHOTO MOMEHTY.
3HaueHHs MPOTrMHIB Ha KOXXHOMY CTYINEHI 3aBaHTaXEHHS BHU3HA4YAJIOCh 3a
dopmymnoro (1)

w= we— (Wy + wp)/2, (D)
ne w, — mpociganHsa Oajiki Ha Mepurid onopi A, MM; Wwp— NpociaHHs Oajku Ha
onopiB, MM; W IPOTUH MOCEPEANHI MPOJIbOTY, MM.

. . 1
['paHn4YHO HOMYCTUMUUN MPOTHH AJA NpoJasoTy 270 cM 3riiHO [19]CTaHOBHT51—501,

ne [ — npomiT 6anku.

Takum 4MHOM JIJIs1 HAITUX 3pa3KiB TPAHUYHUN MPOTUH CKJIagaTUME:
l 2700
W, = — = —— = 18 MM 2
fin ™ 450 T 150 (2)
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25

Moment, kN m

4]
(=1

Puc.2. I'padixu nepopMyBaHHS IOCHTIHKYBAaHUX OAIOK

['paHMYHMIT MOMEHT 3a APYroi0 TPYNO TPAHWYHUX CTAHIB JUIS €TaJOHHUX
nomatokineeHnx 6anmok GB-A ta GB-B 6yB B mexax 7,5-8.0 kHem. ApmyBanHs
JIMIIIe CTUCHYTOI 30HM gomartokieeHoi 6amkn GRB-12C migBumye ii KOpCTKICTh
TITBKYM BUIIE JOCATHEHHS ii TPAaHUYHOTO MPOTHHY. APMYBaHHS PO3TATHYTOI 30HU
20312 AS500C6anku i3 ximeenoi mepeBuHHGRB-12DneedextnBre, 00 HAOCUTH
3HAYHI 3aTpaTy Ha BUTOTOBJICHHS MiABUINMWIM juiie Ha 20% rpaHUYHUNA MOMEHT 3a
JPYTOI0 TPYIIOI0 TPAHUYHUX CTAHIB.

Kneeni nepe’stHi 6anku TpeThOi cepii, 0 apMOBaHI KOMOIHOBAaHUM apMyBaHHSIM:
y CTUCHYTIH 30HI CTaJIeBOI0 apMaTypoI0 Y BHUTJISAI IBOX CTEP)KHIB JiameTpom 12
MM kiacy AS00C ta xommosutHoio cTpiukoito Sika CarboDurS-512, sk Ganxu
YeTBEPTOI cepii Janmu MOXIHMBICTh 30UTHIIUTH HECYJY 3[aTHICTh MO MPUIATHOCTI
710 YMOB HOPMaJIbHO1 eKcIuTyaTarii B 1,5 pasmu.

B Ganimi 3 kieeHOi AEpEeBUHU I STOT cepili 3 KOMOIHOBAHMM apMyBaHHSM, K 1 B
Oanmkax TpeThoi cepii, ane 3a paxyHOK TNONMEPEAHBOTO HAMPYKCHHS CTPIYKH
SikaCarboDurS-512, 6ymno ctBopeHo BurwH f= 4,72MM, 1 Hecyda 3HaTHICTH
301TBIIMIIACS B [IBA pa3u Ta cTaHoBmiIa 16 kHem.

101



BucnoBku. Ha mifcTaBi mpoBeseHOro aHamnizy poOOTH €JIEMEHTIB 3 KIIEEHOI
JIEPEeBUHM, IO TPALIOIOTH 3a [ii MOMEPEYHOTO 3TUHY MO’KHA 3pOOWTH HACTYIHI
BHCHOBKHU:

1. Ha ocHoBi BumpoOyBaHb 1 TOpIBHSHb MPOTHHIB 0ajJOK HEApMOBAaHHUX Ta
apMOBAaHHUX CTAJIEBOI0 CTEPKHEBOIO apMaTypolO, BKJIEEHOIO Y Ma3u CTHCHYTOI
30HM, W KOMIIO3UTHOIO CTPIYKOIO 13 BYIJVIEBOJIOKHA, NPUKIEEHOIO 30BHI
pO3TATHYTOI 30HH,

OTPHMAaHO HOBI €KCIIEPUMEHTAJIbHI JaH1 MO0 3MIHH KOPCTKOCTI OAJIOK 13 KIICEHOT
JEPEeBUHM 32 paXyHOK BUKOPUCTAHHS KOMOIHOBAHOTO apMyBaHHSI.

2. ApMyBaHHS JIMIIIE CTUCHYTOI UM PO3TATHYTOI 30HU 0aJIOK, SIK BUIHO 3 TpadikKiB,
HECYTT€BO BIUIMBAE HA MiJIBUILEHHS >KOPCTKOCTI, a/K€ TPAHUYHOTO TPOTHHY Oyio
JIOCATHYTO MaiKe MPH TUX K€ 3HAYCHHSIX HABAHTAXEHHS, IO 1 JJI1 HEapMOBAaHMUX
3pa3KiB 3 KJIEEHOI IEPEBUHH.

3. ApMyBaHHS CTHCHYTOI Ta PO3TATHYTOI 30HM Ja€ MOMITHI pe3yiabTaTu. Biaraxk,
st 3pa3kiB. GRB-16A, GRB-16B 3 giamerpom apmatypu 16 MM y CTHCHYTIH 30HI1
3HaYEHHsA TPAHWUYHOTO TPOTUHY OyJIO JOCATHYTO TIpU HaBaHTaXEHHI, Y
cepeaabomy, Ha 39 % OimpmoMy, HiX I HeapMoBaHuUX Oanok. Ilpote, cimin
BIIMITUTH, IO 3arajlbHa HECydYa 3/IaTHICTh caMe IUX 3pa3KiB Oyria HaWOLIBIIOIO.
Buiiy )KOpCTKICTh MPOSIBUIN 3pa3KH 13 apMaTyporo 12 MM y cTUCHYTIH 30H1. [{is
HUX TPAaHUYHUN TPOTUH OYB NOCATHYTUN NpPH HaBaHTaXeHHI, o € Ha 61 %
OUTBIITNM, HIK CepeTHE 3HAUCHHS IS 3pa3KiB HEapMOBaHUX.

4. 3a paxyHOK nonepeaHboro HampykeHHs ctpiuku SikaCarboDurS-512 B
Oaumi 3 apMaTyporo 12 MM y CTUCHYTIH 30H1 Oyj10 CTBOpeHO BUTHH f= 4,72MM, 3a
paxyHOK 4OroHecydYa 3AaTHICTh 301IbIINMIIACS B JIBA Pa3u 1 CTaia CTAHOBUTHU

16 xHem.

5. HaraimbHuM € TPOJOBXEHHS CHCTEMAaTHYHUX JIOCHIJKEHb YKOPCTKOCTI
OaJTOK 3 KJICEHOI JICPEBMHM 32 JTii 30BHIMIHIX HABAaHTa)XEHb P13HOT IHTCHCUBHOCTI Ta
OJlep>KaHHs CTAaTUCTUYHO TOCTOBIPHUX ITaHUX IS IOCSTHEHHS HAaWBHIOTHECYUYOl
31aTHOCTI 3a JPYrol TPYNOK TpaHUYHUX CTaHIB 3a PI3HUX TeMMepaTypHO-
BOJIOTICHUX YMOB €KCILTyaTaIlii.
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