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Experimental study on influence of bolt arrangement on
bending behavior of steel-wood composite beam

WU Zhenzhen', TANG Shenghua’, WANG Jiejun?, LIU Ruiyue’

(1. College of Civil Engineering, Xiangtan University, Xiangtan 411105, Hunan, P. R. China; 2. College of Civil
Engineering, Central South University of Forestry and Technology, Changsha 410004, P. R. China)

Abstract: In order to promote the application of bolt fasteners with diameters of up to 10 mm in steel-wood
composite structures, the effects of the number of transverse rows of bolts, bolt diameters and longitudinal
spacing of bolts on the bending performance of steel-wood composite beams were investigated. By designing a
composite beam with a I-steel beam at the lower part and wooden board at the upper part, the upper and lower
parts connected by bolts. A three-point bending load test was carried out on 8 test beams, to observe the failure
mode, mid-span deflection variation, mid-span section strain and slip effect at the steel-wood intersection at the

end of the beam respectively, to investigate the effect of different bolt parameters on the flexural mechanical
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properties of the steel-wood composite beam. The test results showed that the main damage mode of the steel-
wood combination beam is the mid-span deflection up to 1/27 of the calculated span, resulting in deformation
damage; Composite beams had high flexural capacity and ductility coefficient. The maximum relative slip at the
steel-wood interface of each specimen was 2-6 mm; Among the parameters of bolt arrangement, the longitudinal
spacing of bolts had greater influence on the strain difference at the steel-wood interface in the span of the
composite beam, while the bolt diameter had less influence. The concept of bolt area ratio of steel-wood
composite beam was proposed, i.e. the ratio of total bolt area to compressive area of wood board. With the
increase of the bolt area ratio, the flexural load capacity of the specimen increases significantly and the maximum
slip at the intersection decreases gradually, although the displacement ductility coefficient decreases. The range
of bolt could be quickly calculated by optimum the reasonable range of bolt area ratio, which provides design
reference for practical application of such steel-wood composite beam.

Keywords: steel-wood composite beam ; bolt connection; interfacial slip; flexural bearing capacity; bolt area ratio
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Table 1 Wood property parameters
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K 46 14 67.71 131.58 21.28 5.08 13.6 13 320
e 58 26. 00 20.79 7.00 1.56
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Table 2 Mechanical property parameters of steel

JE MR BE /MPa $LHSREE/MPa BJ 41585 /MPa $# 1R 1 /MPa
235 375 141 206 000
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Table 3 Mechanical property parameters of bolts

Jiti M5 FE /M Pa Yy YI3 i /MPa PLILHRE/MPa
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Table 4 Wood strength adjustment factors
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Fig.2 Arrangement and construction of bolts in

cross section of TS1-TS3 test beams
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Table 6 Mechanical properties test data of specimens

WEgs  P/kN A/mm PJ/KN  A/mm N
TS1-1 57.08 10. 63 72.50 50 4.70
TS1-2 60. 09 8.15 76.50 50 6.13
TS1-3 61.26 10.18 79.90 50 4.91
TS1-4 66.01 13.38 89.00 50 3.73
TS1-5 67.68 14.08 90. 00 50 3.55
TS2-1 64.99 12.18 90. 00 50 4.10
TS3-1 68.45 12.88 91.14 50 3.88
TS3-2 67.39 12.76 90. 25 50 3.91
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Fig.7 Positive strain of mid-span section of TS2-1
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Table 7 Strain difference at the steel-wood interface in

the span
[ENCE R TR 1 /kN 55 v s BT 18 A% /10
TS1-1 72.50 3012.6
TS1-2 76.00 2315.8
TS1-3 79.90 1921.6
TS1-4 89. 00 1501.3
TS1-5 90. 00 1561.3
TS2-1 90. 00 1441.2
TS3-1 91.14 1201.1
TS3-2 90. 25 1801.5

Hi 6 7 ) 41, 20 5 SR A8 AR A 8 2 8 ORE In] HE 4
B O[] ) A e AR o i e AR - R A8 A T
AR 25 5 W A, 45 N AR [R], BLARHT an T

1) WRA A ] HE £

A TS1-1CH 1) 2 HE) 04 A% - A 38 5 18T 1 A% 22
3 012.6X107°, 34 Jim 4% 1) HE %2, a8 4 TS1-2 (#f 1)
4 HE) B IS 25 (2 315.8X 10 ) AH H ik 4 TS1-1 %
KT 23.13%, 156 B 184 i W A A 1) HE 55 B R I 4K - A
28 BT R R AR 2%, B B oK T R A 2R 47 1Y 5
il B - A IR ) TR M R A 2 B A R A

2) BHRER

B AF TS1-4 . TS1-5( H A2 5 mm) 5 Hh 8- R 28 it
T A 78 2% (SEH{H ) Ay 1 531, 3 X 10°, 8 g 1
3 TS2-1 (B 42 6 mm) By W AF 2% (1 441. 2%
107%) bk 4 TS1-4, TS1-5 B 17 5.88% , ik 14
TS3-1( H A2 8 mm) By i 48 22 (1 201. 1X10°°) ik
F TS1-4  TSI-5FAK T 21.56 % 156 B K8 A
o e BEAR A A B2 15 v B9 - R S8 422 THT 1) g A8 25

3) RGN 1E ] R

IKAE TST-2(4h i 18] B 210 mm) 5 o 4 - A 58 5
AT %) 8728 2%k 2 315. 8 X 10°°, 4 /N B e 4\ ) ] B
A TS1-3(ZA 1] ] B 140 mm) B9 % 28 22 (1 921. 6 X
10°°) Wik fF TSI-2 B T 17.02% , i 4 TS1-4.
TS1-5(H\mEHE 70 mm) (9 1 48 2% CF351E 1 531. 3X
10°°) ik TS1-2 B4 MK 17 33. 88 % o Ui WA 455 /N 2 A
D 1w 1] 15 i e A 2H G T2 05 vl A - R 52 o T 1) 0 A 2%

MRAE b3R5 A Al WA A A B S B R
PR - AR 32 BT O AR 22 I R R RRAIRR (£ 8) . i
& QAT AT, WA A S b g 1) (] BE AY okAE A A
o 5 v R - R 32 2 TN A 25 52 ) e R A 1) HE B
Z L HBRE W RN X 3R A B S H0h R S
/NBE RGN 1n] [R] BE Y O 2 RE 6% BT 5 o0 R R - AR
o8 1 P R i



% 44

RHH5 5 A M- RASRT bk ¥ e X By 117

x8 MEEHRKMEEZE

Table 8 Maximum reduction rate in strain
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Fig. 8 Slip diagram

P9 Sy 54 A 1) Ao 28 - A il L PR TR 9 WD D, Y
Ao BRI /N W AR X T A I AT 28 e 1 G 5 2 52 g ik
21 Jett Bl B B, ¥ B B A 28 38 i Al et B, 9F B
o BRI ML/ B BN K A R R B
LY00 T 2~6 mm Z[B], Ho X F TS3-1 % 78 i i fx
AN GIRE TST-1 W R K

100

> .
>>’¢" :..
sor ’4"“:"““ o0 0
W ek 00000 O e RmumnamEEm
plvs e
g
L 4 4
E60 »’f, .V
= o
i o o
iE 40 ou
o = TS]-1 —e— TS1-2
e 4— TS1-3 —v— TS1-4
- TS1-5 —<— TS2-1
g > TSI e TS32
0 1 2 3 4 5 6
X F/mm
B9 frH-mBMmk

Fig.9 Load-slip curve
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Fig. 10 Maximum slip-bolt area change curve at interface

x99 HARRHEN.BBRERSYHY
Table 9 Bearing capacity, slip and bolt parameters of

composite beams

WS DIVAR. Y e , , N
) P,/kN ) S,/mm® S/mm* k/10°
Gz mm Bon
TS1-1  73.00 5.8 20 392.70 1.75
TS1-2  75.00 4.4 40 785. 40 3.49
TS1-3  79.90 3.2 48 942.48 4.19
TS1-4  89.00 2.5 92 1 806. 42 8.03
225000
TS1-5 90.00 2.6 92 1806.42 8.03
TS2-1 86.52 2.1 92 2601.24 11.56
TS3-1 91.14 2.0 92 4624.42 20. 55
TS3-2  90.25 3.0 48 2412.74 10.72
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