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Moment Resistance Performance Evaluation of Larch Glulam Joint Bonded
in Glass Fiber Reinforced Plastic Rods'
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ABSTRACT

In order to evaluate the bond performance of domestic larch glulam and the glass fiber reinforced plastic (GFRP)
rod, the specimen with the GFRP rod bonded-in domestic larch glulam for pull-out test was produced. The test was
carried out using various specimens with different gluing depth, width of glue-line and type of adhesive. The cantilever
type rahmen structure specimen with bonded-in GFRP rods was produced based on the result of pull-out test, and its
moment resistance performance was compared and examined with the moment resistance performance of slotted-in steel
plate specimen.

As a result of the pull-out test, the most excellent bond performance was found when the insertion depth of GFRP
rods was 5 times larger than the diameter of GFRP rods. When the glue-line thickness was 1 mm, the bond perform-
ance improved by 17%~29% in comparison to the bond performance in the case of the glue-line thickness of 2 mm.
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Also, the bonded strength of the specimen used with poly-urethane adhesive was 2.9~4.0 times greater than the bond-

ed strength of specimen used with resorcinol adhesive.

The cantilever type rahmen structure specimen with bonded-in GFRP rods showed the moment resistance perform-

ance 0.82 times lower in comparison to the slotted-in steel plate specimen used with the drift pin, but the initial stiff-

ness was similar as 0.93 times.
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specimen

.M B

olol 41 Ggoz Bael we Ao
(PFAAR 2013). EFF A G5 Ao
o= o Az EFoa osle] XL HAzH
o] 7IA7F A =7 el A % eroJf?l 53t
BRjo] 442 QTET Yon] TE
JHKim e al. 2008).

AR Azt 5720 Wedes s
wo) gabgwe] wet o) we] HarE o
Agel Fasith 2% AATRES] HYTR
Al 732213 (Steel-Wood-Steel)o] o
EHoR AgEE AAolch sHAT olefat F44
e ol7jo] wmEo] Rao] 9jdo] EAjstH 4]

uly Ask 0 HIRe] B 7 Fol wie] qlo
o, ZAeF LA|BP7E & o] Roj A A] F=THSoltis et
al. 1987). weha] AAA7E Aol thokat Alag A
=] A7k Y= Sk 2% B8 FEAR
shZetaE(GRRP)S 0] ATz ARke
QlFA} HeEo] Sajutr] groma Au|z el 713
7} =3 ZEkH] =2 7Fwol YokEA gl yEa)
4 5o o]de Wol AT ATHT A= A4
o]thMadhoushi et al. 2008). o]&gt HEHEE= 53
GFRP&} Z/d2)7ke] ohofFet ey what 9t
of & e Wl upe] B FRet WHE
Al 2 ARIZelE FelRt 2k @bt o]FoiA|aL
Qith(Harvey et al. 2000). Zx12} B GFRP2] 2t
gL QI FS B3 Hrskal 9tk(Madhoushi et

F][‘

I

e

41 1

o

al. 2004).

B QAFolAE B9 GFRPS} At Yeld A
Azre] MG HEA W HAF T, $F GFRP
of 24 Akgizlolel e WS Fek] Slat
of QEAFS AT E QUAYO) Ak
#gsto] B9 GFRP HEet Juaes Heo
BUEAY 45S Hla FEsc

oX

d

-

2.1, QLAEE HME H AL

80 CW Atz Algsto] e A
GFRP (D : 12 mm)e} A
feri Carr.) IS AF&31o] Fig. 1-(a)et 22 A8
B2 st

A Al A Fol= 53 GFRPO 441 Z10](3D,
5D, 71D)&} Zow, AFAAL 14 mm EE= 16 mm
2 FRsigich olul, A4} B4 GFRPZE 123
o] 1 mm = 2 mm=z FAHr} o]F 23 GFRP
7 QAR AE el FASES Arelsha, AR
9} B3 GFRP2| 71=o| @ ZAl&(resorcinol) F2HA|

= Z2] 9| ek(poly-urethane) FEAS ZZIA|A

3 29

Y A5 (Larix kaemp-

ek AL $lske] B3 GFRPo| Fig. 1-(b)2] A
o e %é—ﬂ 2 epoxyHAA R Hatetar, Z=
] Q1A Jigoll AA AT AFAL] A

o3
L
>
ot o
N
2
H
oZi
um
fllo
2
oo -
ol
)
2
H
ox
o
o
g



ojglgh - HFa8 - FEF - T
Table 1. Nomenclature of GFRP rods specimens
Specimens name Adhesive Glue li?;ntl)lickness Bond(ti;iml)e ngth
R1-3D* 3D
R1-5D 1 mm 5D
RI1-7D ) 7D
R23D Resorcinol D
R2-5D 2 mm 5D
R2-7D 7D
P1-3D 3D
P1-5D 1 mm 5D
P1-7D 7D
223D Poly-urethane D
P2-5D 2 mm 5D
P2-7D 7D
*D : Diameter of the GFRP rods.
' Cross head speed
Smm/min
Unit : i GFRP rod
(@ : 12mm)

Glue line thickness : 1mm, 2mm
(Bonded with Resorcinol or Poly—Urethane)

3D(36mm)
SD(60mm)
TD(84mm)

Fig. 1. Shape of GFRP rods specimen and pull-out test.
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Fig. 2. Shape of moment resistance specimen and test.
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Table 2. Results of pull-out test for GFRP rods specimen

Adhesive Glue line thickness (mm) Bonded length (mm)  Maximum Load (kN)  Bond strength (MPa)
3D 1.2 1.0
1 mm 5D 2.8 1.3
Resorcinol L 32 Ll
3D 1.1 0.8
2 mm 5D 2.1 0.9
7D 2.4 0.9
3D 43 3.2
1 mm 5D 8.7 39
Poly- 7D 10.0 3.2
urethane 3D 3.1 2.3
2 mm 5D 79 35
7D 9.5 3.0

*D : Diameter of the GFRP rods.

10000 10000
2000 3000
£, 6000 Z 5000
3 3
= 4000 = 4000
2000 2000
/b
0 T T T 1 0 - T T T |
0 2 4 6 8 0 2 4 6 3
Deformation (mm) Deformation (mm)

Fig. 3. Load-deformation curve of GFRP rods specimen and failure modes.
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Table 3. Results of moment performance evaluation test for moment resistance specimen

Type Initia{ stiffness A\szg.ff:;istsial m:ri;i(rilt] A;leo‘m:irild Mmax Ave. Mmax Rotation
(N - m/rad.) N * mirad) (kN + m) (N - m) (kN - m) (kN - m) angle (rad.)
Type-Steel-1 30.0 2.1 29 0.07
Type-Steel-2 34.0 34.7(1.0) 3.1 2.5(1.0)° 3.7 3.3(1.0)* 0.09
Type-Steel-3 40.0 22 33 0.07
Type-GFRP-1 31.0 2.2 2.8 0.10
Type-GFRP-2 36.0 32.3(0.9) 1.8 2.0(0.8) 2.6 2.8(0.8) 0.10
Type-GFRP-3 30.0 1.9 2.9 0.12

'At 0.5% offset, Ave. initial stiffness ratio based on the Type-Steel, ‘Ave. yield moment ratio based on the Type-Steel, *Ave. maximum mo-

ment ratio based on the Type-Steel.
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Fig. 4. Moment-rotation angle curves of moment re-
sistance specimen.
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Fig. 5. Failure modes of moment performance test for moment resistance specimen (Left: Type-Steel, Right:

Type-GFRP).
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