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Strength Estimation of Composite Joints

Based on Progressive Failure Analysis

S. Y. Shin, R. H. Park, K. G. Kang, J. H. Kweon, S. K. Lee and J. H. Byun
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Abstract

A two-dimensional progressive failure analysis method is presented for the strength characterization of
the composite joints under pin loading. The eight-nodes laminated shell element is utilized based on the
updated Lagrangian formulation. The criteria by Yamada-Sun, Tsai-Wu, and the maximum stress are
used for the failure estimation. The stiffness of failed layer is degraded by the complete unloading
method. No factor depending on test is included in the finite element analysis except for the material
strength and stiffness. Total 20 plate specimens with and without hole are tested to validate the finite
element prediction. The Tsai-Wu failure criterion most conservatively estimates the strength of laminate,
and the maximum stress criterion yields the highest strength because it does not consider the coupling
of the failure modes. The strength by Yamada-Sun method neglecting the matrix failure effect are
located between other two methods and shows best agreement with test result for laminate with hole.
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Fig. 2 Arc-length method combined with
an improved Newton-Raphson method
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Table 1. Material Properties

Properties uD Fabric
E; 131 GPa 654 GPa
E, 82.0 GPa 654 GPa
G2 82.0 GPa 359 GPa
U2 0.281 0.058
Xt 2000 MPa 848 MPa
Xe 1400 MPa 593 MPa
Yt 61.0 MPa 848 MPa
Y¢ 130 MPa 593 MPa
S 70.0 MPa 110 MPa
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Fig. 4 Plate geometry and boundary conditions
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Table 2. Failure loads by finite element analysis
and tests

Failure Criterion| Prxp(kN) | Prem(kN) | Error(%)

Yamada-Sun 65.73 -13.25
Max. Stress 75.77 67.33 ~-11.14
Tsai~Wu 51.36 -32.21
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Fig. 5 Load-displacement curve for un-notched specimen
(1:Tsai-Wu 2:Yamada-Sun, 3:Maximum stress)

42 HEL 2T 4

Qo o B WY HAE dF5E =
A}st7) 918 Fig 6ok ol ol s dkFol
'7}3}1z}~ nRd ot wARF BAE TE
1 979 ¥de F&eA gtk AT F
fg}zﬂ "o B FYEEE 7S of
A% gL wygol JYgo] wet dF Fstol
A BEgde gEAE ANE wIY F Ao
= BARol dd. a2y wolRe) s F&ol

2 Ay EAE He Tv‘i’—% ez Ay
golmz 47 AdNe #EHY AF39 ¥
gt 2 4ag vy gA doh waA Ho
go] og s&o] A A B¢ BHIP
yolgtn @ 4 Uk AARY FF R 8T
o] AstuiAge neEsd frEazdye AW

72.79(mm)

8.635(mm)

9.53(mm

Xl

Fig. 6 Joint geometry and boundary condition
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Table 3. Failure loads by finite element analysis
and tests

Failure Criterion| Peo(N) | Prm(N) | Error(%6)

Yamada-Sun 11046 +7.39

Max. Stress 10286 11964 +16.31

Tsai_wu 9228 -10.29
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Fig. 7 Load-displacement curve for joint
(1:Tsai-Wu 2:Yamada-Sun, 3:Maximum stress)

Table 4. Ultimate loads by progressive failure analysis
and characteristic length method

Failure Criterion| Prxp(N) MI1(N) M2(N)

Yamada-Sun 11046 14023
10286
Tsai-Wu 9228 9239

M1: Progressive Failure Analysis
M2: Characteristic Length Method
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