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Bearing Strength of Composite Bolted Joints with Different Bolt Heads
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Abstract: The bearing strength of composite-steel bolted joints using protruding and countersunk bolts is
tested for three different layups to study the effects of bolt head types on the bearing strength. The
bearing strength coefficient of countersunk bolted joint is obtained. Test results show that the bearing
strength of countersunk bolted joints is roughly 90% of that of protruding bolted joints, while the corre-
sponding joint stiffness is only 40%—50% of that of protruding bolted joints. Finite element models are
generated to numerically analyze the mechanical behavior of composite-steel bolted joints using protru-
ding and countersunk fasteners respectively under in-plane tensile load. The Hashin failure criteria and
the Tan-Camanho damage propagation method are adopted. The predicted offset and ultimate bearing
strength shows a good correlation to the test results with error less than 15%.
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Tab.1 Parameters of test specimens
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WES 5
N=aN 5
50/40/10 [45/0/-45/0/90/0/45/0/-45/0]s Uik
ik 5
*£2 T700/QY9611 #1#l 8 M
Tab.2 Mechanical properties of T700/QY9611
E, /GPa E,,/GPa U1y Vys Gy, /GPa Xi:/MPa X./MPa Y{/MPa Y./MPa S;,/MPa
128 10. 3 0. 289 0.3 5.98 2 909 1 250 55.8 218 148
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Tab.3 Test results of composite bolted joints under tension
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0°/445°/90" M FRE/MPa HC WE/MPa $C
ik 919 656
30/60/10 0. 86
M3k 1029 761
ik 871 633
40/50/10 0.92 0.91
B2 BET RS S BE R B 3k 951 694
Fig. 2 Bearing test set-up of single-bolt single-lap 50/40/10 ik 956 o3 639 0. 86
bolted joint test sk 1023 742
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Tab. 4 Hashin failure criteria
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Fig. 10 Typical stress-strain curves for composite joints with different laminate layup sequences
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Tab.5 Comparison between test data and numerical results
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3 0 N — N S — N
- . (AP SIEY IR/ ARoTmm IR/ ARoTmm
0°/445°/90 W/ W/ N
MPa {H /MPa MPa {H /MPa
IS 919 656 674 2.7
30/60/10
3k 1029 1 000 2.8 762 803 5.5
Uik 871 633 678 7.1
40/50/10
3k 951 994 4.5 694 798 15.0
Uik 956 639 655 2.6
50/40/10
3k 1023 1117 9.2 742 827 11.4

(a) Fiber tensile failure

(b) Fiber compressive failure

(c) Matrix tensile cracking

(d) Matrix compressive cracking
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Fig. 12 Damage modes of protruding bolted joints(gray areas indicating damage regions)

(a) Fiber tensile failure

(b) Fiber compressive failure

(d) Matrix compressive cracking

(c) Matrix tensile cracking
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Fig. 13 Damage modes of countersunk bolted joints(gray areas indicating damage regions)
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