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Failure Characteristics of Scarf Patch-repaired Composite
Single-lap Joints

Choong-Hyun Kim*, Jae-Seung Yoo*, Chang-Seok Byeon*, Hyun-Woo Ju*, Min-Young Park**,
Jin-Ho Choi***, Jin-Hwe Kweon***"

ABSTRACT: The failure strength of composite single-lap joint repaired using scarf patch was investigated by test and
finite element method. A total of 45 specimens were tested changing scarf ratio, stacking pattern, and defect size to
study the failure strength and mode. Except for one case, all repaired specimens showed the equal or higher strength
than the sound specimens and the effect of considered repair parameters was not remarkable. It was found through
the failure mode inspection that the surface treatment for bonding was not enough in the case which failed at the
lower load than the sound specimen. Three-dimensional finite element analysis was conducted to verify the test
results. It was confirmed that the considered repair parameters do not significantly affect the stress distribution of the
specimens. It was also observed that the applied tensile load is relieved passing through the overlapped region
thickness of which is almost double. From this study, it is concluded that if the bonding procedure for adherends and
patch including surface treatment for fabric layer is thoroughly followed, the strength of repaired single-lap joint can
be restored up to the strength of sound one.
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Fig. 1. Specimen configuration

Table 1. Fiber orientation percentage for different stacking

patterns
Upper laminate Lower laminate
Stacking : .
pattern | NOOF g0, g5o 900 | NOOT | e 5o gpe
plies plies

P1 20 30:50:20 12 33.3:33.3:33.3

P2 30 33.3:53.3:13.3 14 28.6:42.9:28.6

P3 30 33.3:53.3:13.3 24 25:50:25

¥ This no. of plies does not include the additional fabric ply on
upper surface of lower laminate. For example, the actual no. of
plies of P1 should be 13.

Table 2. Test matrix

. Scarf ratio
Pattern type De(fect S)IZC (Thickness / NO,' of
mm Scarf length) specimens

No defect - 5

6 1/20 5

P1 1/10 5

12 1/20 5

1/30 5

No defect - 5

P2
6 1/20 5
No defect - 5
P3

6 1/20 5

Total 45
2 ez 17} FA A E QL AL, s 2] = Aot F gt
AZod oz AT w2 o v el BA o g
< 95 A A S (External ply) 0. 2 F7}35}3t) R H RS
o W HpellA mAISE AL o] 5 AW Dol
5 mmo|c}. ZHe A Thdo] EAjsHe Aoz /145t
of. e} 7], R ddy) shE Tl e @ E S o] Hof
A Fol 7l 4y Aol wek Wz ARskgn, Y

AR P} S5 S 0] AE (Paste) XA E o] £
S B A AT A B QB4 g e
43t = el 272 Anea.
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Fig. 2. Step fabrication for specimen
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Fig. 3. Verification for scarf angle
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