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Failure Mode and Strength of Unidirectional Composite Single Lap Bonded Joints
I. Experiments

Kwang-Soo Kim', Jae-Seok Yoo, Jae-Mo An’, Young-Soon Jang*

ABSTRACT

Failure process, mode and strength of unidirectional composite single lap bonded joints were investigated
experimentally with respect to bonding methods, those are, co-curing with and without adhesive and secondary
bonding. The co-cured joint specimens without adhesive had the largest failure strength. Progressive failures
along the adhesive layer occurred in the secondary bonded specimens. In the co-cured specimens with adhesive
film which had better material strength and adhesion performance, delamination failure occurred and the joint
strengths were less than those of secondary bonded specimens. Delamination failure did not occur in the
secondary bonded specimens because of earlier crack growth and progressive failure in the adhesive layer.
Therefore, failure strength of composite bonded joints were not always proportionate to material strength and
adhesion performance of the adhesive due to the weakness of delamination in composite materials. The effects
of surface roughness, bondline thickness and fillets were also studied on secondary bonded specimens.
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Fillet length

.
(a) Specimen without a fillet
(EA9309.3NA adhesive)

(b) Specimen with a fillet
(EA9309NA adhesive)

(c) Co-cured specimen with adhesive
film (FM73)

(d) Co-cured specimen without adhesive

Fig. 2 Photographs of ovedap length end comer regions of joint

specimens.

11

specimen
microscope

Strain gage

Fig. 3 Tensile test set-up of single-lap joint specimens.
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Fig. 4 Bulk adhesive tensile test specimen.
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Table 1 Summary of tensile test data for bulk adhesive
EA9309NA EA9309.3NA FM73
Modules (GPa) 2.45 2.62 2.87
Poisson's ratio 0.38 0.38 0.40
Ulti. stress (MPa) 345 36.3 60.4
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Strain (%)

Fig. 5 Stress vs. stmin curves of bulk adhesive tensile test specimens

at room temperature.
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Fig. 6 |Typical failure process of

(magnification of 200 times).

secondary  bonded
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) ) . Fiber pull-out
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Fig. 7 Typical de-bonded surfaces of secondary bonded specimens.
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Failure initiation
atcorner region

aifure initiation in
adherend at comer

{a) Co-cured specimen without adhesive {b} Co-cured specimen with FM73 adhesive

Fig. 8 Failed states of co-cured specimens with and without adhesive
film.
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Fig. 10 Experimental failure strength of joint specimens with respect
to bonding method and adhesives used.
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[3 Material tensile strength of the adhesive
| Edstrength of single-lap joint in metal (manufacturer's spec.)
. Elstrength of single-lap joint in composite (present result)

70

60.4
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40 -
30

Strength (MPa)

20

EAQ308.3NA FM73

Fig. 11 Comparison of adhesive material tensile strength and single-lap

joint strengths in metal and composite.

Table 2 Summary of failure modes and strengths of joint specimens
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