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Failure Load Prediction of the Composite Adhesive Joint
Using the Damage Zone Ratio

Young-Hwan Lee*, Chang-Su Ban", Jin-Ho Choim, Jin-Hwe Kweon

ABSTRACT

The composite joint has become an important research area because the structural efficiency of a structure
with a joint is determined by its joints rather than by its basic structure since the joints are often the weakest
areas in composite structures. In this paper, the strengths of adhesive joints consisting of metal and composites
were predicted and tested by the maximum strain theory and damage zone theory. Nonlinear finite element
analyses of adhesive joints considering the material nonlinearity of the adhesive layer were performed. From the

tests and analyses, the strengths of the adhesive joints could be predicted to within 22.2% using the damage
zone ratio.
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Fig. 1 Photograph of the adhesive specimen.
Table 1 Material properties of the adhesive (FM73M)
Property Symbol Value
Elastic modulus E 4.2GPa
Poisson’s ratio v 0.45
Shear modulus G 1.5GPa
Tensile strength o 58.8MPa
Shear strength T 32.9MPa
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Fig. 2 Stress-strain curve.
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Fig. 3 Shear stress-strain curve,
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Fig. 5 Guide block for the constant adhesive thickness. Displacement (mm)

Table 2 Dimensions of the adhesive joint specimens

Model w{mm) 1(mm) t(mm)
A01 26.8 38 6.05
AQ2 38 38 6.05
A03 19 38 6.05
A04 26.8 20 1.6
A05 38 20 1.6
A06 19 20 1.6

Fig. 6 Experimental set-up of the adhesive joint
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Fig. 7 Load-displacement curve of the adhesive joint.

Fig. 8 Photograph of the fractured adhesive joint.
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Table 3 Material properties of steel

Property Value

Elastic modulus (GPa) 200

Poisson’s ratio 03

Tensile strength (MPa) 345
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Fig. 9 Finite clement model for the analysis of the adhesive joint.
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o, : Tensile yielding stress
7y Shear yielding stress
€, : Tensile yielding strain
v : Poisson’s ratio

G : Shear modulus
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Fig. 10 Multi-linear curve of adhesive materials
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Fig. 11 Equivalent strmain distribution of the adhesive joint (2-D analysis).

Fig. 13 Equivalent strain distribution of the adhesive joint under the

experimental failure load (2-D analysis).
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Fig. 12 Failure load predictions of the adhesive joints by the maximum
strain theory.
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Fig. 14 Failure load predictions of the adhesive joints by the

zone theory (2-D analysis).
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Fig. 15 Equivalent strain distribution of the adhesive joint under the
experimental failure load (3-D analysis).
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Fig. 16 Failure load predictions of the adhesive joints by the damage

zone theory (3-D analysis).
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Fig. 17 Failure load predictions of the adhesive joint by the damage
zone ratio mcthod (3-D analysis).
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