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Abstract

We proposed a technique for predicting Stress-Life (S-N) curve or fatigue life using geometric features of a
ply-overlap joint structure in which plies of two composite materials are partially or wholly laminated and
bonded. Geometric features that could affect fatigue properties of a structure were selected as variables. By
analyzing relationships between geometric variables and material constants of the Epaarachchi-Clausen model, a
fatigue model for composites, relational expressions of these two factors were proposed. To verify the
prediction accuracy of the proposed method, fatigue life of a CFRP/GFRP ply-overlap joint was predicted.
Predicted life and life obtained by test data-based model were compared to actual life. High prediction
accuracy was confirmed by calculating the coefficient of determination of the predicted S-N curve.
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Fig. 2 Ply-overlap Joint in Upper Face Sheet
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Fig. 5 Composite Ply-overlap Joint Structure and
Geometric Variables

Table 2 Geometric Variables of Staggered Joint
and Hybrid Joint

Coupon Staggered Hybrid

LS proportion (%) 43.29 53.77
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Fig. 6 Shape of S-N Curves according to Change of
Material Constants

Table 3 Calculated Material Constants

Coupon a g
Staggered joint 0.1552 0.3004
Hybrid joint 0.1809 0.2932
Geometric Strength
variables & Material
Fatigue life constants
tmax T
oy 1 a
Llap T » »
Nt B 1
Pis i

Fig. 7 Relation of Geometric Variables and Material
Constants
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Table 4 Geometric Variables and Ultimate Tensile
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Table 5 Fatigue Life by Experiment, Test
Data-based Model, Proposed Method
]V;T, ‘]ve N7'
Model - ! !
(cycle) (cycle) (cycle)
3,224 3,025 3,063
Double
9,865 11,010 10,425
Scarf-|
26,604 27,315 27,094
2,021 2,082 2,102
Double
8,237 8,128 8,139
Scarf-ll
21,027 21,208 21,109

Table 6 Average Error of Fatigue Life by Test
Data-based Model and Proposed Method

Test data—based Proposed
Model
model method
Average
4.27 3.02
Error (%)
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