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Abstract: The fatigue residual stiffness distribution of fiber-reinforced polymer composites (FRP) is one of

the basic data for fatigue reliability assessment of FRP structures. In this paper, a residual stiffness probability

model i1s proposed. The median curve of the model is a combination of an exponential function and a linear

function, and the residual stiffness under a given normalized life obeys a normal distribution. The static and

fatigue tests of the two laminates of glass fiber and carbon fiber composite specimens are completed, and the

residual stiffness curves of different materials under different loads are obtained. Research result shows that

the model proposed in this paper can better describe the test results.
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Fig.1 Specimen schematic diagram
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Tab.2 Distribution of initial stiffness for FRP laminates
A K W 3 ¥ W 7 22 R E
[y -
SR L (c/0,)/ % 1r/GPa ox/GPa (op/pe)/ %
44 29.08 1.30 4.46
54 29.36 0.61 2.08
[45/0/—45/0)s
60 29.34 0.93 3.17
65 29.27 0.93 3.18
GFRP
45 25.61 0.79 3.08
50 25.36 1.06 4.18
[45/0/—45/90/45/0/—45/0];
58 26.71 0.63 2.36
68 27.19 1.01 3.72
70 66.67 1.84 2.77
73 66.10 2.79 4.22
[45/0/—45/0)s
77 65.65 1.37 2.09
0 66.73 0.96 1.43
CFRP
60 59.29 1.58 2.66
65 60.11 1.20 2.00
[45/0/—45/90/45/0/—45/0];
70 59.41 1.45 2.44
75 61.00 0.52 0.85
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Tab.3 Distribution of critical stiffness for FRP laminates

g K W2 24 4 Wi J5 22 A5 R R

[ERER S il =
- = (6/0,)/ % e/ GPa op/GPa (op/ 1)/ %
44 24.10 0.29 1.18
54 24.25 0.24 1.00
[45/0/—45/0],s
60 24.37 0.47 1.92
65 25.62 0.42 1.65
GFRP
45 19.79 0.08 0.38
50 20.20 0.14 0.69
[45/0/—45/90/45/0/—45/0]
58 20.98 0.21 0.99
68 21.70 0.21 0.96
70 52.79 0.64 1.21
73 53.84 0.50 0.93
[45/0/—45/0),s
77 56.12 0.73 1.30
80 56.93 0.47 0.82
CFRP
60 46.24 0.89 1.92
65 45.61 1.04 2.29
[45/0/—45/90/45/0/— 45/0]
70 48.28 1.22 2.52
75 48.69 1.40 2.88

Xt B i AW IR AR rh 2R AT A 18 R T DU Rk 2 I A A R 2 T 2 R
AR ACE T — AW ERAMANS Y EAEL, TRS 8 a,q MG HE, 725 WK 4
He RUSEa,q HMEBER AR MMAEL Y k%5,

#4 GFRPEAMNERUEAESHAXBRMUSER

Tab.4 Test and fitting results for parameters of stiffness degradation model for GFRP laminates

KT ¥ a e
AR (0/0,)/ % '

o/ oy 0 N y
1 i LA il ERER ]
44 42.43 42.57 0.724 0.722
54 20.21 19.48 0.686 0.697

[45/0/—45/0],
60 14.02 15.02 0.572 0.557
65 17.11 16.70 0.363 0.369
45 58.26 56.55 0.804 0.792
50 43.82 47.37 0.716 0.741
[45/0/—45/90/45/0/—45/0];

58 36.93 34.47 0.701 0.684
68 20.80 21.42 0.648 0.652
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Tab.5 Test and fitting results for parameters of stiffness degradation model for CFRP laminates

AT S8 a ZH
Sl (0/a,)/ % '

o/ 0 0
' i A1 i A
70 26.89 26.89 0.668 0.668
73 23.51 23.51 0.599 0.599

[45/0/—45/07
77 19.51 19.51 0.566 0.566
80 11.66 11.66 0.579 0.579
60 26.08 26.01 0.513 0.512
65 20.79 20.98 0.477 0.480
[45/0/—45/90/45/0/—45/0];

70 16.55 16.36 0.465 0.462

75 12.11 12.17 0.458 0.459
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