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An Experimental Study on the Strength of Two Serial Bolt-Fastened Composite
Joints under Elevated Temperature and Humid Condition

Hyojin Kim"™

ABSTRACT

The failure strengths and modes in carbon fiber reinforced polymeric composites, with two serial bolt-fastened
composite joints, were investigated to evaluate the typical joint configurations of composite components. The
parametric studies were performed experimentally at room temperature dry and elevated temperature wet, 82.2°C on
several different laminate configurations. Based on the experimental data presented, two basic load-displacements
curves are observed. Each failure mode has the characteristic curve. It is showed that the bearing failure mode
occurs in elevated temperature wet condition. It is analysed that the strength of bearing failure mode is not highly
depending on the effective modulus of specimen. The failure strength at elevated temperature wet is decreased by
the cause of interfacial deterioration between fiber and matrix with moisture absorption.
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Fig. 1 Failure modes: (a) net-tension failure, (b) bearing failure, (c)
shear out failure, (d) fastener failure.
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Table 1 Laminate configurations

Laminate Stacking sequence 0°/ 45°/ 90°
Pattern_1  [45/-45/90/45/-45/45/-45/0/45/-45]s  10%/80%/10%
Pattern_2 [45/0/-45/90]2s 25%/50%/25%
Pattern_3 [45/0/-45/90/0/0/45/0/-45/0]s 50%/40%/10%

Table 2 Specimen configurations

Specimen No. Environment W/D W D t  Laminate

1 RTD 5 3175 6.35 3.81 Pattern_1
2 RTD 5 3175 6.35 457 Pattern_2
3 RTD 5 3175 6.35 3.81 Pattern_3
4 RTD 6 381 6.35 3.81 Pattern_1
5 ETW 6 381 635 3.81 Pattern_1
6 RTD 6 381 6.35 457 Pattern_2
7 ETW 6 381 6.35 4.57 Pattern_2
8 RTD 6 381 6.35 3.81 Pattern_3
9 ETW 6 381 6.35 3.81 Pattern_3
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Fig. 2 Geometry of the specimen with two serial bolt-fastened composite

joints.
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Fig. 3 Water absorption behavior of the specimens with 1.143 mm
thickness.
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Fg. 4 Water absorption behavior of the specimens with 2.286 mm thickness.
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Table 3 Failure strengths of the specimens with two serial bolt-fastened

composite joints
Specimen No.  Environment W/D Laminate Strength Ccov
(MPa)
1 RTD 5  Pattern_1 720.7 1.86
2 RTD 5 Pattern_2 918.4 1.44
3 RTD 5 Pattern_3 953.6 1.92
4 RTD 6  Pattern_1  890.9 2.22
5 ETW 6 Pattern_1 671.1 2.72
6 RTD 6 Pattern_2 940.5 1.03
7 ETW 6 Pattern_2 773.7 1.23
8 RTD 6  Pattern_3 909.5 3.73
9 ETW 6 Pattern_3 727.6 1.29
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Fig. 5 Load-displacement curve of the specimen for W/D=5, pattem_1

and RTD.
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Fig. 6 Load-displacement curve of the specimen for W/D=5, pattem_3
and RTD.
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Fig. 7 Deformation of the specimen for W/D=5, pattem_3 and RTD.
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FHg. 8 Failure strengths of the specimens for WID=5 and RTD as a function
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Fig. 9 Photos of failure modes of the specimens for W/D=5 and RTD.
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Fig. 10 Failure strengths of the specimens for RTD and ETW (W/D=6).
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Fig. 11 Photos of failure modes of the specimens for RTD and ETW
of Pattem_ 1 (W/D=6).
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Fig. 13 Photos of failure modes of the specimens for RTD and ETW
of Pattem_3 (W/D=6).
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