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Shearing Strength Properties of Bolted, Drift-Pinned Joints

of the Larix Glulam™
— Effects of Fastener Diameter, Slenderness and End-distance
on Strength Properties —
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ABSTRACT

Shearing strength test in tension type was investigated to determine the shear resistance of bolt
and drift-pin connection of domestic larix glulam. The specimen was connected with bolt and
drift-pin in the inserted plate type, and only bolt in the side plate type. The diameter of bolt and
drift-pin used in the experiment are 12, 16 and 20 mm. The hole of bolt was drilled at the end-dis-
tance 5 d and 7 d. Tension load was loaded in the direction parallel to grain. The shear resistance
was evaluated according to end-distance through this, the yield load was compared with the ex-
perimental yield load, using Larsen’s formula. The prototype design strength is based on the yield
load of end-distance 7 d and the reduction factor of end-distance 5 d was calculated. The results
were as follows.

1. The average of maximum load of drift-pin connection was higher by 3~30% at the inserted
type than at bolt connection with increasing diameter. In bolt connection, the average of max-
imum load of the side type was 154~207 times higher than that of the inserted type. In the
same diameter, the average of maximum load of end-distance 7 d was higher by 8~44% than
that of 5 d.

2. The bearing stress was 116~141 times higher at the inserted connection than at drift-pin con-
nection, and 137~186 times higher at 7 d than at 5 d. Also, when the slenderness ratio was
below 7.5 at drift-pin connection and below 60 at inserted connection, the lateral capacity was
good.

3. The ratio of the experimental yield load and the predicted yield load calculated by Larsen’s
formula proposed by Larsen was 080~110 at inserted connection, and 0.75~146 at side
connection.

4. When the inserted bolt connection was based on the yield load of end-distance 7 d, the re-
duction factor was 0.89 at 12 mm connection, 093 at 16 mm and 085 at 20 mm. The reduction
factor was 089 at 12 mm the inserted drift-pin connection, 093 at 16 mm, 093 at 20 mm. The
reduction factor was 0.79 at the side connection of the 12 mm bolt connection and 0.80 at
16 mm.

Keywords: bolt, drift-pin, diameter, slenderness, end-distance
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Note (A): Bolted (Drift-pinned) joint with inserted steel plate
(B). Bolted (Drift-pinned) joint with steel side plate

Fig. 1. Shape of specimens.
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Fig. 2. Test of drift-pined (bolted) joint with Fig. 3. Test of single-bolted glulam connection
inserted steel plate in parallel to the with steel side members in parallel to
grain loading. the grain loading.

Table 1. Summary of connection properties

. o Poax (kgh) Py (kgh DR"”
ype Slenderness
5d 7d 5d 7d 5d 7d
10 2536 3,041 1,796 2011 468 550
Center 75 3,980 4658 2731 2951 485 769
Bolt 6 4847 6,985 3765 4,440 150 495
10 5241 5831 2190 2770 506 502
Side 75 7,245 7871 3,229 4051 762 546
6 7,504 - 4121 - 219 -
10 2629 3380 2091 2343 454 1013
Drift pin ~ Center 75 4035 5433 3,858 4168 426 088
6 6329 6999 5,101 5488 291 628

a) : Slenderness = L / D
L: main member thickness
D: drift pin (bolt) diameter
b) : DR = Deformation on Pmax / Deformation on yield load
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Fig. 5. Relationship of the bearing stress at the yield point and the ratio of slenderness ratio.
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Table 2. Summary of bearing stress
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Diameters of fasteners
Type (mm)

Average bearing stress (kgf/cm?®)®

Type of joint

5d 7d 7d/5d
o Center 1257 2111 169
Side 3640 4049 110
Center 1422 2426 171
Bolt 16 i
Side 3773 4100 110
20 Center 1569 2910 186
Side 3127
12 Center 1452 247 162
Drift pin 16 Center 2010 2830 141
20 Center 2125 2916 137
a) : Bearing stress = Yield load / L x D
607 5 A= 723 1 11% 223905, 16 mm= 7%, 20
Py=sdl ( 5 d 12“1) @ i 15% gt 2R SoTE B g
o] AR BEE HeH-o vzl 12
P, 2E cgzE ¥ d3re guygF mm= 11%, 167} 20 mm= 7% 3+48FAtHTable 3).
s ZAo] 9rel-ed (kef/em?) RS 12 mm EERT-C] 4 9
#2718 g ot 292 o] 3 5de] FEetsS 74 FEST R 21%, 16 mm
d : BE(==ZE 31)9 27 (em) o) B 20%% AR EY ¥ & Hage B
LA A em) At
M : 3% wulE (kef - cm) AA FEstedt FEFAA o7 FRaTe
H= e BEQERS 4F 0.80~1.109]
ARAEAY BE coTE 7 Hao sz RaL, =YZE A "= 0.81~ 1010l 7
= Us Aoz Artegitt A A BEFFR-S A FESHIE 0.76~
1.46°] 4tk
d |8
Qy_T 37°-fe d-l (3 3.4. A EZ Al H ¢t
Q : BE HiHe| FEalE (kef) 3.4.1. MEA (k) &
d  BE°] A% (cm) AAZFE A 71l HE #EART ) o)t
Lo 53] 57 (em) B dEeT2 ARAT(K)E 7IEdEdEd
fo @ B 984 (kef/em?) wotel Azkste o] vk s
rohife = Ao M= AA 5D 7 De] sl A
“fy o BES] 57w (kef/em?) 2 Satel ARAFE e
Fig. 67} o] SPSS (Statistical Package of the
Y AR W AN 2E HET-e] AAF Social Science)& AH&ate] AAl FHatsH T
EotgS 12 mm FEFe] A #dAs 7 d7b 2o AAE Sl 24 B ARG S o] &t 57
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Table 3. Comparison of yield strength of joint with the experimental results

Diameters Type i Experimental Calculated D
Type (mm) of joint End-distance Py (kgf) Py (keh) E/C
d 089)” 098
center > 1796 (089) 1830 4
2 7d 2,011 (1.00) 11
5d 2190 (0.79) 115
sidl 1
e 7d 2770 (100) 00 146
5d 731 (0! 0.
e 20 g P
Bolt 16 5d 3’229 (680) 695
sidl ] ’ ' ’
wee 74 4051 (100) 3409 119
d . )
center 5 3,765 (085) 4688 080
20 7d 4,440 (1.00) 09
d 4121 ( - 0.
side > 12 C-) 5524 7
7d -
5d 2,091 (089) 081
12 t 2570
center 7d 2343 (1.00) >/ 091
5d 3859 (093) 093
Drift pi 16 ent 4
P ot 74 4168 (100) 134 101
d 101 (0. 082
20 center > 5101 (093) 6208
7d 5,488 (1.00) 0.88
a) E/C = Experimental Py / Calulated Py
b) A ratio of the Py of 5d to 7d at each type of joint
2332 Fa
s000- 8 8 P, =bn+bymn (4)
B e T
- i Py 1 558 (kef)
.:'_-3.' 2,000 n s e/d
o “eo:EAAY - 54 74
d:RE selzE A9 43
1,000} bi, b @ EAAF
O Eolt Cenier, 18mm Table 494' 7151"01 O] i]’il :H )l} % %E‘i OC‘]__% C}:ﬂé—f;}%
1 1 1 3} 0 . 93 ~ 0 . 99E

3 3 7
End-distance (n)

Fig. 6. Effects of end distances on yield loads
(Bolt, Center, diameter: 16 mm).
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Table 4. Reduction factor (K.) and results of nonlinear regression analyses

Type of connection Diameter (mm) by b, R** K.
12 538900 35950 0984 0389
Center 16 857525 62275 0994 093
Bolt 20 104973 59356 0997 085
12 543.839 21168 0963 0.79
Side 16 813425 33525 0931 080
20 -
12 627.004 41761 0977 089
Drift pin Center 16 121250 83152 0985 093
20 161058 -11808 0993 093
* R* = coefficient of determination
*Ke=Pysa/Pyca
Y BEHFY 49 12 mm (A74H] 10) 3¢ 4 7E=| =
A

)= 0850, ARAYY s
A5 2% 12 mm+= 0.89, 16 mme 0.93,
20 mm¥= 0.93019}. 2RZAE 47 12 mm 2E
A AAG= 0.79, 16 mme 0.80°]1t}.

2

AT (Ke)= 0.89, 16 mm (M17H] 7.5)= 0.93,
m 6

7
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