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Computation of stress intensity factors and T- stress for cracks repaired by
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Due to various benefits of composite materials such as light weight, high strength and their excellent
Received 21 October 2017 formability, the externally bonded composite patches have been proved to be a preferable method of
Accepted 12 February 2018 repairing flaws and cracks in various engineering structures. In this paper, the behavior of various

Available Online 10 March 2018 patches such as composite and metallic patches has been studied by calculating the stress intensity

factor and the T-stress via 3D finite element method. The study of the out-of-plane bending role in

Keywords:

Composite Patch repair of plates with single-sided patch is another aims of this research. The results showed that the

Stress Intensity Factor higher stiffness of the composite patch leads to further reduction in stress intensity factor. It is found

Mixed mode i that in the studied specimens, the boron/epoxy patch has the better behavior compared with glass/epoxy

Out-of-plane bending one. Furthermore, using single-sided and double-sided patches leads to change in the T-stress value. The
largest change achieved by the crack angle equals to 0 and the smallest on achieved by the crack angle
equals to 45 degrees. Increasing the adhesive thickness leads to increasing the stress-intensity factor in
repaired plate. Finally, it is found that the out-of-plane bending has the significant effect on behavior of
repair with single-sided composite patch.
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Fig. 2 Configuration of cracked specimen under mixed mode loading
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Table 1 Geometric dimensions of the studied specimens
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Table 2 Material properties of composite patches, adhesive and plate
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Ey [GPa] 71.02 1850 50 208.3
E,, [GPa] 145 25.4
Ess [GPa] 145 25.4
G2 [GPq] 2.56 7.2
G [GPq] 2.56 7.2
Ga3[GPa] 224 49

Y1 0.3 0.33 0.33 0.1677

Y13 0.33 0.1677

Y2 0.33 0.035
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Fig. 3 Typical finite element model of repaired specimen
00 (e i Aiged Sgazme Hlall Jaw 3 S5

Fig. 4 out of plane bending of repaired specimen with single side patch
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Table 3 Comparison of K, for non-repaired crack

S5 agly [31] gz, Ki yol> 5 K| s %
0 31.63 335 5
30 23.72 25.17 5
45 15.81 16.6 4.7
60 7.9 8.31 49
90 0 0 0
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Fig. 6 The variation of K, across the thickness of the repaired plate
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Fig. 7 The variation of K, across the thickness of the repaired plate
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Table 4 Comparison of K, for non-repaired crack

S5 al; [31] &=+ Ku ol 5Ky U %
0 0 0 0
30 13.65 14.6 6
45 15.81 16.8 5
60 13.75 14.4 45
90 0 0 0

0 oS S slp T o5 amlin 5 Jguzr
Table 5 Comparison of T-stress for repaired crack

S5 al; o o e %
0 58.4 60 2.6
30 29.2 30.5 42
45 0 0 0
60 -29.1 -30.2 3.6
90 -58.4 -58.5 0.1
| —O0— K, (Present Model)
30 —&— K, (Ayatollahi & Hashemi)
25 —&— K|, (Present Model)
g —&— K, (Ayatollahi & Hashemi)
€ |
E 20
o
2 151
£
@ 10 1
5 B
0 : : : : :
0 15 30 45 60 75 90

Crack angle [degree]
Fig. 5 Comparison of K, and K, for repaired crack
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600 |1 —*— Double sided repair
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Through the thickness of the plate in mm
Fig. 8 The variation of K across the thickness of the repaired plate
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Fig. 9 The variation of Fracture initiation angle across the thickness of
the repaired plate
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Fig. 13 Reduction of mode Il stress intensity factor with respect to
crack angle

S5 agly 90 D50 (i DAl (o o Sl e 13 K&

—O— Unrepaired plate
—4&— Single patch GI/Ep
| —=— Double patch GI/Ep

—=— Single patch Bo/Ep
—=— Double patch Bo/Ep

Mid- plane

K [MPa mm %3]

0 15 30 45 60 75 90
Crack angle [degree]
Fig. 14 The variation of Kwith crack angle for composite patches
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Fig. 15 The variation of T-stress with crack angle for composite patches
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Fig. 10 The variation of K; with crack angle for composite patches
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Fig. 11 Reduction of mode | stress intensity factor with respect to crack
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Fig. 12 The variation of K, with crack angle for composite patches
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Fig. 18The variation of K with crack angle for aluminum patch
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Fig. 19 The variation of T-stress with crack angle for aluminum patch
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Fig. 16 The variation of K, with crack angle for aluminum patch
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Fig. 17 The variation of K;, with crack angle for aluminum patch
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Fig. 22 The variation of K, with respect to the adhesive film thickness
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Fig. 23 The variation of K, with respect to the adhesive film thickness
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