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Abstract: This paper experimentally investigates damage mechanisms which is closely related with
the bearing failure in bolted joints of CFRP laminates and proposes a finite element model to
reproduce those damage mechanisms. First, the damage was observed in the bearing failure of
bolted joints, and the main factor of the large stiffness degradation in bearing failure is the fiber
kinking damage. In addition, the fiber kinking is suppressed by the bolt clamping, which increases
the bearing strength of bolted joints. Then, three-dimensional finite element model was developed for
addressing the bearing failure in bolted joints based on the experimental observation. In this model,
the initiation and the propagation of the fiber kinking damage which plays an important role in the
bearing failure of bolted joints were reproduced and the stress failure criteria were investigated. The
variation of the load at the kinking onset due to the bolt clamping was simulated and consequently
the load history during the evolution of the fiber kinking damage was simulated.
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Fig. 1 Geometry of specimen coupons.
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Fig. 2 Load-displacement curves of experimen-
tal results. (a), (b), (¢) in this figure cor-
respond to those in Fig. 3.
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Fig. 3 Soft X-ray photographs of damage at
three different stages in Fig. 2.
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Fig. 4 Photographs of damage in the laminate
[45/0/—45/90],. Cross-sectional view cut
on bearing plane as shown in Fig. 3(c).
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Fig. 5 Clamping force effect on fiber kinking
onset (experiment).
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Displacement boundary condition of indentation
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(a) First step analysis. Washer is pushed into the
laminate by clamping force.

Displacement boundary condition of indentation

(on the upper surface, only for second step analysis)
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(b) Second and third step analysis.

Fig. 6 Three steps of bolted joint analysis.
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Fig. 7 Finite element mesh in this analysis.
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Table 1 Material properties for CFRP T700S/

2500.
Young’s modulus Er 135 GPa
Er, E, 8.5 GPa
Poisson’s ratio VLT, Viz 0.34
vz 0.49
Elastic shear modulus Gir, Giz 4.8 GPa
Gr, 2.7 GPa
Tensile strength ot 2,550 MPa
of 69 MPa
Compressive strength of 120 MPa
Shear strength Tr 75 MPa
7z 75 MPa

* Subscripts L, T, z denote the fiber axial direction,
transverse direction and lateral direction, respec-
tively.
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Fig. 8 Simulated load-displacement curves for
various finite element mesh.
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Fig. 9 Simulated kinking damage areas in 0° ply
for various finite element mesh. Bolt dis-
placement ¢ is 2.4 mm.
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Fig. 10 Simulated load-displacement curves for
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Fig. 13 Simulated clamping force effect on fiber
kinking onset.
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