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Experimental study on the strength properties of CF/GFRP bolted joints
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The paper presents the experimental study on the strength properties of three types of bolted
joints, ie., bearing-type bolted joint, friction-type bolted joint and bonded-bolted joint with
clamping force. The strength of bearing-type bolted joint is determined by the interaction of
failure mode, volume fraction of cloth layer and edge distance. Large volume fraction of cloth
layer and long edge distance generally contribute to the increase of the strength. The failure
mode of friction-type bolted joint is shear-out, leading to the strength determined by the sum of
FRP shear strength and the friction force between the specimen and the attached plate. The
failure mode of bonded-bolted joint with clamping force is bearing, resulting in the strength
determined not only by the adhesive strength but also by the FRP compressive strength.
Key Words :  CF/GFRP, Bearing-type bolted joint, Friction-type bolted joint,
Bonded-bolted joint, Clamping force
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Fig.l Double-ap bolted joint of CF/GFRP specimen
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Table.l Stacking sequence of CF/GFRP specimen
Sample 1 Sample 2 Sample 3
Layer: V; |Layer: Vy |layer V¢
CSM | 4.16%|CSM | 416%|CSM | 4.16%
KF 52% | KF 104% | KF 15.6%
Tow 13328% | Tow :2283% | Tow :1248%
KF 52% | KF 104% | KF 156%
CSM | 4.16%|CSM | 416%|CSM | 4.16%
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Table.2 Maximum Joad for bearing-type bolted joint

Maximum load (N) .
Sample| diw | & NG5 TNo 3 | Ave, | Fallure mode
5 |827517,547: 7,591 7,804| Bearing-shear-out
02| 2 3212 3,171 3,538: 3,307|Bearing-shear-out
1.25]1,516: 1,724 1,758! 1,666|Shear-out

5 15415 6,182 5,885 5,827 Tension-cleavage
2 13,181: 3513: 3,104} 3,266|Bearing-shear-out
251,611 1,590: 1,647 1,616/Shear-out

5 14418: 4,120 4,255 4264 | Tension-cleavage
2 12,5911 2.680: 2,664 2.645| Tension-cleavage
251,180 1,091: 1,225 1,165|Tension-cleavage
5 18877 8,534 8434 8.615|Bearing-shear-out
2 14072: 4079} 4,257! 4,136/ Bearing-shear-out
2512,2251 2024 2,187 2,145|Shear-out

5 16,6641 5.929: 6,743! 6,445 Tension-cleavage
2 13622 4040 3852 3,838|Bearing-shear-out
2511,732: 1,505: 1,595! 1,611{Shear-out

5 14,6541 4,154 4,636 4,481 | Tension-cleavage
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06 2,801: 3.327: 3 226! 3,118 Tension-cleavage
1,614 1,801! 1,774} 1,730 Tension-cleavage
8,878: 8,320: 8,809! 8 669|Bearing-shear-out

4,080: 4,283 4,238! 4 200|Bearing-shear-out

02

2,348: 2,099 2,518! 2,322|Shear-out

7,232 6412 7498 7047  Tension-cleavage
3,803: 4,163: 4,365! 4,140| Bearing-shear-out
1,674 2099: 1,948 1,907|Shear-out

3,709: 4,056: 3.456: 3,740| Tension-cleavage
3,165: 2.837: 34841 3,162/ Tension-cleavage
1,625: 1,857: 1,670i 1,717| Tension-cleavage
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Fig.2a Maximum load for bearing-type bolted joint with d/w=0.2
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Fig2b Maximum load for bearing-type bolted joint with d/w=04
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Fig2c Maximum load for bearing-type bolted joint with d/w=0.6
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Table.3 Maximum load for friction-type bolted joint

c-torquel gy 0 eN'm | 12N'm
sample - - _
1 9683 | 10252 | 11327
2 10472 11458 = 11875
3 11439 12350 = 13683
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Fig3 Maximum load for friction-type bolted joint
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Fig4a Failure of bolted joint without clamping force

Fig4b Failure of bolted joint with clamping force
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Fig5 Load-displacement curve of friction-type bolted joint
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Table4 Regression analysis of friction force against clamping force

R
Sample | 2 b | multiple correlation coefficient)
1 [0091 9,146 10
2 | 0072 10263 0913
3 10123 10773 0997
F=aN+b

(F : friction force, N': clamping force = 1000 x torque)
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Table.5 Maximum load for bonded-bolted joint with clamping force
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Fig6 Maximum load for bonded-bolted joint with clamping force
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