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Strength and Failure Mode Prediction of Mechanically Fastened
Carbon / Epoxy Joints

K. B. Kim, M. N. Lee and C. D. Kong(Chosun Univ.)

ABSTRACT

An investigation was performed to study the predicting the joint strength of mechanical
fasteners. Bearing failure is most important failure mode for designing joint. So in this study, the
prediction method in consideration with bearing failure was chosen. In the proposed method, the
characteristic length is combined with the Yamada-Sun failure criterion, Tsai-Hill failure criterion
and characteristic length for Tension and Compression is determined from investigation.
Especially the length of compression is determined from the "bearing failure test” that newly
conceived to take bearing failure into consideration. The proposed prediction method was applied
to quasi-isotropic carbon/epoxy joint showing net-tension and bearing failure experimentally.
Good agreement was found between the predicted and experimental result for each joint
geometry.
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2% 2. The Set-up of Double-lap Joint Test.

a8l 3. Failure Modes for each Specimen.
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a2 4. Load and Displacement Curve of Pin Jointed Composite Specimen.
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a8 5. Flow Chart of The Mechanically Fastened
Joint Strength Prediction Method.

22 6. Finite Element Division of Mechanical
Joints.
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E 1. Material Properties of HT245 /RS3232 Quasi-isotropic Joints. [45/0/-4590ls

Elastic Modulus Ex 88.3 E+9 (Pa)
Shear Modulus Gxy 1754 E+9 (Pa)
Poisson’s Ratio Yy 0.32

Tensile Strength o 4355 E+6 (Pa)

& 2. Ply Material Properties of HT245/RS3232.

Longitudinal Modulus E 119.2 E+9 (Pa)
Transverse Modulus E 2908 E+9 (Pa)
Shear Modulus Gut 6.86 E+9 (Pa)
Poisson’s Ratio Vi 0.3
Longitudinal Tensile Strength FXT 1.93 E+9 (Pa)
Longitudinal Compressible Strength FXC 1.48 E+9 (Pa)
Transverse Tensile Strength FYT 50.2 E+6 (Pa)
Transverse Compressible Strength FYC 286.4 E+6 (Pa)
Shear Strength Fs 120.6 E+6 (Pa)
Fiber Volume Fraction Ve 62 %
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a2l 8. Schematic of Bearing Failure Test and
Description of Roc.
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# 3. Comparison of Obtained Strength and Characteristic Length for Verification. [05/45/ 90./-45:s

Geometry Average Pnr | Average Ps Ror{mm] Roclmm]
[KN] [KN] Ref. Results® | Present | Ref. Results® | Present
w/d=2, e/d=2 7.16 59 0558 054 0.938 0.74
w/d=5, e/d=2 36.54 7.01 2500 246 0.725 0.53

# 4. . Summary of Obtained Strength and Characteristic Length for Present Specimen. [45/0/-45/90)s

Geometry Average Pyt [KNI] Average Ps [KN] Ror{mm] Roc[mm]
w/d=2 e/d=2 3.434 8.64 0.45 1.05
w/d =6, e/d=2 16.480 9.50 3.00 1.30
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o1 = Longitudinal Stress Along the Fibers
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12 9. Description of Characteristic Curve.

0o < @fail < 150 : Bearing failure
300 < @ fail < 600 : Shear-out failure (4)
750 < Bfail < 9o: Net - Tension failure
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¥ 5. Comparison Between Experimental and Predicted Results.

Failure Mode
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Experimental

Yamada-Sun Tsai-Hill
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