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Creep constitutive model of CFRP-steel interface under shear stress
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Abstract : To study the creep properties of the adhesive of carbon fiber reinforced polymer ( CFRP) -steel interface ,
long-term loading tests of CFRP-steel double-lap specimens were carried out under different tensile loads, and the
strain distribution law of CFRP and its changing characteristics with loading time were analyzed. Based on the
characteristics of the Burgers model and the time-varying law of the shear strain of adhesive layer, a solving method
for each parameter in the model was given. According to the experimental data, the expressions of the parameters in
the Burgers model and the Findley power law equation were obtained. Results show that under the action of long-
term interfacial shear stress, the adhesive of CFRP-steel interface had creep deformation, and the strain of CFRP
decreased nonlinearly from loading end to fixed end, which increased with the increase of loading time and the
increasing rate decreased gradually. The higher the value of interfacial nominal shear stress was, the larger the
creep deformation of adhesive was, and the more the strain of CFRP increased. In the Burgers model, parameters
7y and G, were both linear functions of shear stress 7, and parameter 1, was a quadratic function of shear stress 7.
In the Findley power law equation, parameter m was a linear function of shear stress 7, and parameter n was a
quadratic function of shear stress 7. The root mean square errors of the Burgers model and the Findley power law
equation were small, and both models could predict the creep deformation of the adhesive. When the interfacial
shear stress 7 was high, the creep deformation predicted by the Burgers model was better than that predicted by the
Findley power law equation.
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Tab.1  Arrangement of specimens
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ErRes MPa WE/d || e MPa i I/ d
B22D5 0.54 5 D60D5 1.46 5
B22D10 0.54 10 D60D10 1.46 10
B22D20 0.54 20 D60D20 1.46 20
B22D35 0.54 35 D60D35 1.46 35
B22D60 0.54 60 D60D60 1.46 60
B22D90 0.54 90 D60D90 1.46 90
C44D5 1.07 5 E73D5 1.78 5
C44D10 1.07 10 E73D10 1.78 10
C44D20 1.07 20 £73D20 1.78 20
C44D35 1.07 35 E73D35 1.78 35
C44D60 1.07 60 E73D60 1.78 60
C44D90 1.07 90 £73D90 1.78 90
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Tab.2 Calculation results of Burgers model

EVGE My/ G/ ng/ ;
RMSE
%5 (10*MPa-h) MPa (MPa - h)

B22D5 6.45 20.6 374.9 0.006
B22D10 6.55 20.9 368.5 0.010
B22D20 6.47 21.3 372.9 0.005
B22D35 6.41 20.5 378.3 0.009
B22D60 6.42 22.3 377.2 0.008
B22D90 6.43 21.1 374.7 0.005
C44D5 431 13.5 235.8 0.032
C44D10 4.35 13.2 232.2 0.018
C44D20 4.25 12.6 228.6 0.029
C44D35 4.36 12.4 233.5 0.021
C44D60 4.36 13.8 236.9 0.016
C44D90 4.33 13.5 236.4 0.013
D60D5 3.26 9.5 276.6 0.048
D60D10 3.38 10.0 265.5 0.050
D60D20 3.39 10.4 282.3 0.043
D60D35 3.31 10.8 277.2 0.052
D60D60 3.40 10.7 281.0 0.046
D60D90 3.26 10.6 274.9 0.039
E73D5 2.65 8.8 308.4 0.075
E73D10 2.78 8.2 301.2 0.061
E73D20 2.91 8.9 298.5 0.053
E73D35 2.85 9.0 310.6 0.072
E73D60 2.66 8.4 312.3 0.066
E73D90 2.86 8.6 312.1 0.086
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Tab.3  Calculation results of Findley power law equation

LR e m n RMSE
B22D5 0.007 7 0.232 0.016
B22D10 0.007 2 0.236 0.013
B22D20 0.007 3 0.229 0.017
B22D35 0.007 5 0.226 0.018
B22D60 0.007 9 0.235 0.017
B22D90 0.007 6 0.231 0.001
C44D5 0.032 0.201 0.056
C44D10 0.031 0.205 0.040
C44D20 0.028 0.203 0.038
€44D35 0.026 0.202 0.045
C44D60 0.029 0.204 0.033
C44D90 0.031 0.199 0.042
D60D5 0.052 0.224 0.082
D60D10 0.048 0.218 0.095
D60D20 0.053 0.220 0.104
D60D35 0.045 0.219 0.088
D60D60 0.043 0.213 0.067
D60D90 0.052 0.216 0.091
E73D5 0.064 0.228 0.190
E73D10 0.062 0.216 0.133
E73D20 0.058 0.218 0.169
E73D35 0.071 0.230 0.176
E73D60 0.068 0.229 0.119
E73D90 0.063 0.231 0.145
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Fig.10  Experimental and predicted values of shear strain in

adhesive layer
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