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The Failure Analysis of Composite Bolted Joint Structure

Based on a Nonlinear Model

Li Peicheng', Chang Nan®, Zhao Meiying' , Huang Heyuan'
(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)
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Abstract: Composite bolted joints have been widely used in aircraft structures. It is important to study their ten-
sile failure. A three dimensional nonlinear model is established by combining the Hashin’s criterion, energy dis-
sipation rate method, Puck’s criterion and continuum damage degradation method, including intra-laminar and
inter-laminar damage. Comparing the results of quasi-static tensile test on notched laminate with the numerical
simulation results, both of the stress strain response and final failure mode are consistent, hence the constitutive
model is validated, and then the constitutive model is adopted to analyze the tensile failure of the double lap sin-
gle bolt composite joint. Results show the displacement-load curves between numerical simulation and test are in
good agreement. Meanwhile, the deviation of ultimate tensile load is no more than 5%, which meets the re-
quirement of engineering application. Furthermore, the overall structural stiffness of composite bolted joint de-
creases due to the hole edge deformation and damage accumulation, and the ultimate failure mode is bearing fail-
ure of the mid-plate.
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Fig. 1 Stress components of fracture plane
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Fig. 2 Dimensions of notched laminate

2 ZTTH/5429 Mk %
Table 2 Material parameters of ZT7H/5429

S8 K fE ZH KM
Ei/GPa 143. 00 X,/MPa 2 524.0
E, /GPa 9.37 X./MPa 1 430.0
Es3/ GPa 9,37 Y,/MPa 76. 7

vio 0. 284 Y./MPa 258.0

Vi3 0. 284 Z,/MPa 76. 7

Va3 0.389 Z./MPa 258.0
G12/GPa 5. 450 Si»/ MPa 87
G13/GPa 5.450 S13/MPa 97
Ga3/GPa 3.373 S»3/MPa 87

Y,/ /MPa 0.047 6 K12/ +~/MPa 3.103

Y9,/ ~/MPa 0.070 0 K32/ v/MPa 2.750
a 0.53 Gi/(N+m™ b 260

Gp/(N+m™ 1) 1002
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Fig. 3 Comparison of stress-strain curves between

test and numerical results about notched laminate
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Fig. 10 Bearing failure on mid-plate of the

double-lap single-bolt composite joint
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