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Study of Fatigue Behavior of Repaired Composites

J. W. Choi*, W. Hwang*, H. C. Park* and K. S. Han*

ABSTRACT

The static strength and fatigue life of repaired graphite/epoxy laminates are observed using tensile
coupon. The lay-up of investigated laminates was [0°/+45°/90°];. Static strength was measured from the
specimens prepared by various repair techniques such as precured-single patch, precured-double patch
and cure-in-place methods. The strength was recovered to the extent of 60~80 % of unnotched case.
Fatigue life was also measured from the laminates repaired with cure-in-place method. Hwang and Han's
MFLPE 1(modified fatigue life prediction equation 1), which was based on the fatigue modulus degrada-
tion model and reference modulus, was chosen for fatigue life prediction of repaired specimen and com-
pared with the conventional fatigue life equation such as S-N curve and Basquin’ s relation. The MFLPE 1
has better agreement with experimental data than S-N curve and Basquin’ s relation.
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Fig. 1. Fatigue modulus concept
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Table 1. Fatigue modulus degradation models and life predic-
tion equations
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Aol o FPsift. st FE Feol
a5 ket e, HdistEa H4dse ve 012
A5 BEAg 4F 1, 3, 4 mme] FF=AA,
aeln Ztzke] Wi diste] o] o Eojxe
Z7iMos Fed Asd Wi A24de Y8
Ao, 71¢ 52 sold Al BAENE JErd
T Y=F s Az 2dde] dde
SAS Z2a3E ol &3td IAALMsIHT

477 9 2%

4.1 J5=8

BA)(parent laminate)e] 7%= 608 MPag Je}
Wt 939 vt wE XA Az} ziztel £
7ol e AH3I}FATE Table 20 JepiAch
L3E AL= FEfil)e] A9 42599 $84
ZF2ka9l 939 WEdAZRE rlgigoy dHAd
H|sle] wtAo] HlwA A2 2 mme F$ole &3t
A9 ¢ vnA vAo] & 4 mme AF-ole kX
a3 a2 Qs gzte] AxEF Zdyt Jet
t}. ZgjfFol= x| (precured patch)2] 73-¢ole B]
NA £ AHE Boln 1 Fo|N FHAIAX(pre-
cured double patch)?] 7ZA$ol= W& L AIHE
vehdch o] 9 Zao]2(cure-in-place)Ae]



EI24% H39.199. 6

B3] #aF d2A4% 2F 31

Table 2. Static test results

Radius
Repair 1 2 3 4
techniques
Notched 445 | 373 | 335 | 298
Fill(HD#200) - 368 - 306
Fill(3M) - 369 - 303
Single patch(40mm) - 401 - 360
Double patch(40mm) - 464 - 393
Double patch(60mm) - 526 - 512
Cure-in-place
double patch - - - al
Cure-in-place 466 | 426 | 412 | 377
single patch* (4%) | (14%) | (23%) | (26%)
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Fig. 3. Strength recovery of various repair techniques
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Table 3. Material constants and SSR

r=Imm | r=3mm | r=4mm
P 0974 1.091 1.005
M 353.616( 60.031( 50397
MFLPE 1 B 2672 0.158 0.993
C 0.361 0.110 0.180
SSR 0.1842 0.1943[ 0.1680
Basquin's relation o/ 518,18 409.09) 41322
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g=kiogN+d d 10386 09720 1.0594
SSR 07827) 03129} 03011
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Fig. 4. Comparison of MFLPE 1, conventional S-N curve and
Basquin’ s relation (repaired: r=1mm)
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Fig. 5. Gomparison of MFLPE 1, conventional S-N curve and
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Fig. 6. Comparison of MFLPE 1, conventional S-N curve and
Basquin' s relation (repaired: r=4mm)
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Fig. 7. Comparison of fatigue life of unnotched, repaired and
notched laminates (r=1mm)
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Fig. 8. Comparison of fatigue life of unnotched, repaired and
notched faminates (r=1mm)
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Fig. 9. Comparison of fatigue life of unnotched, repaired and
notched laminates (r=1mm)
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