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Stiffness Change Law of Single-Lap Bolted Joint Composite
Plates under Static/Dynamic Loading
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Abstract: In order to study the stiffness change law of single lap bolted composite plates under quasi—static
tension and dynamic loading, taking T300 carbon fiber reinforced composite (CFRP) plate connected with single
lap bolt as the object, the displacement load response of bolted composite plate under quasi-static tension and dy-
namic loading was tested, and the structural failure and stiffness change law were analyzed. Based on the general fi-
nite element software, the stiffness degradation finite element model of bolted composite plate was established and
the damage criterion and material performance degradation model were defined by writing subroutines, which were
explored to the influencing factors of structural stiffness change law. The results show that the displacement load re-
sponse predicted by the finite element stiffness degradation model is basically consistent with the experimental re-
sults. When the pre tightening torque applied by the bolted joint increases from 0.5N+-m to 10N+m, the limit load
and average stiffness in the high quasi linear stage will increase greatly. When the dynamic load ratio is 0.8, the
transient value of dynamic stiffness of bolted composite plates can be increased by about 30%, and the average val-
ue of dynamic stiffness can be increased by about 20%. When the dynamic load ratio is 0.5, the transient value of
dynamic stiffness can increase by about 30%), and the average value of dynamic stiffness increases by about 8%.
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Table 1 Mechanical properties of T300 CFRP plates
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Table 2 Tensile experimental results

Specimen  T,/(N-m)  FJ/kN  FJkN F_/kN F _ /kN

T1 10.0 4.34 53.53

4.40 54.63
T2 10.0 4.45 55.73
T3 5.0 2.20 52.56

2.18 54.03
T4 5.0 2.16 55.49
T5 0.5 0.63 52.92

0.58 54.06
T6 0.5 0.52 55.19

i 3 A {3 B il 2 B0 R R 1 B AN 1 4

Parameter Value Parameter Value
E /GPa 145 S,,/MPa 90
E,/GPa 8.66 S,;/MPa 40
G,,/GPa 4.5 X, /MPa 2400
G,/GPa 4.5 X /MPa 1600
G,,/GPa 3.5 Y,/MPa 69.5

v, 0.30 Y. /MPa 290
v, 0.47 Z,/MPa 69.5
v, 0.47 Z /MPa 236

Crush failure
Surface damage

Delamination failure

Fiber-substrate fracture

Fig. 2 Static loading failure mode
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Fig. 3 Quasi static tensile displacement-loading response
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Fig. 4 Effect of pre-load on stiffness of bolted joint plates
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(d) Fatigue fracture

Fig. 5 Dynamic loading failure mode
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Table 3 Results of dynamic loading test of bolted joint

plates
Specimen TD/( N-m) Q F._ . JkN F_ /KN N
FT1 0.5 0.8 44 4.4 1202
FT2 5.0 0.8 43 4.4 1443
FT3 10.0 0.8 43 43 1748
FT4 0.5 0.5 27 2.7 4546
FT5 5.0 0.5 27 2.7 5444
FT6 10.0 0.5 27 2.7 6556
FT7 0.5 0.3 16 1.6 >10°
FT8 5.0 0.3 16 1.6 >10°
FT9 10.0 0.3 16 1.6 >10°
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Fig. 6 FT1 fatigue displacement-loading curve
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Fig. 7 Dynamic stiffness of bolted joint plates
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Fig. 8 Finite element modal of composite bolted joints
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Table 4 Setting rule of material parameters in stiffness degradation model

Stiffness softening method FV, FV, FV, FV,
- - - - - - - - - 0 0 0 0
dE, dE, dE, dG,, dG,, dG,, do,, dv, do,, 1 0 0 0
- dE, - dG,, B dé,, dv, - do,, 0 1 0 0
- - - dG,, - - do,, - - 0 0 1 0
- - dE, - dG,, dG,, - do, dv,, 0 0 0 1
dE, dE, dE, dG,, dG,, dé,, dv, dv, do,, 1 1 0 0
dE, dE, dE, dG,, dG,, dG,, do,, do, dvy, 1 0 1 0
dE, dE, dE, dG,, dG,, dé,, dv, dv, do,, 1 0 0 1
dE, dE, dE, dG,, dG,, dG,, do,, dv, do,, 1 0 0 1
- dE, - dG,, - dG,, do,, - dv,, 0 1 1 0
- dE, dE, dG,, dG,, dé,, dv, dv, do,, 0 1 0 1
dE, dE, dE, dG,, dG,, dG,, do,, do, dv,, 0 0 1 1
dE, dE, dE, dG,, dG,, dé,, dv, dv, do,, 1 1 1 0
dE, dE, dE, dG,, dG,, dG,, do,, dv,, do,, 1 1 0 1
— dE, dE, dG,, dG,, dé,, dv,, dv, do,, 0 1 1 1
dE, dE, dE dG, dG,, déG,, dv, dv, dv, 1 1 1 1
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Table S5 Comparison of test results and simulation results

Parameter T1 T2 T3 T4 T5 T6
Ty/(N-m) 10.0 10.0 5.0 5.0 0.5 0.5
F. JkN 53.5 55.7 52.6 55.5 52.9 55.2
u, /mm 5.2 5.5 4.8 5.1 5.4 59
F /kN 58.2 56.3 553
u /mm 5.1 5.1 5.0
IAF1/% 8.1 4.3 6.6 1.4 43 0.1
[1Aul/% 2.0 7.8 5.9 0.0 8.0 17.8
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Fig. 10 Comparison of displacement loading response by

experiment and simulation
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