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Boundary Element Analysis of Thermal Stress Intensity Factors for
Cusp Crack in Transient State
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Abstract

The boundary element method is applied to determine thermal stress intensity factors for a cusp
crack in transient state. In the steady temperature field, numerical values of thermal stress
intensity factors for a Griffith crack and a symmetric lip cusp crack in a finite body are in good
agreement within + 5% with the previous solutions. In transient state, the numerical values of
thermal stress intensity factors for the Griffith crack are also in good agreement with the previous
solutions. In both steady and transient states, those for the symmetric lip cusp crack with the
crack surface insulated or fixed to the constant temperature are calculated for various effective
crack lengths, configuration parameters and uniform heat flow angles. The variations of the
thermal boundary conditions of the crack surface have a great effect on stress intensity factors.
The signs on the values of thermal stress intensity factors can be changed in time variation.
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Table 1 Dimensionless thermal stress intensity
factors F; and Fy for Griffith crack

(a)
a/b i err. (%) *
Ref.[4] Present
0.1 0.272 0.278 -2.21
0.2 0.347 0.347 0.00
0.3 0.405 0.414 -2.22
0.4 0.453 0.467 -3.09
0.5 0.493 0.502 —1.83
(b)
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0.1 0.0212 0.0210 0.943
0.2 0.0530 0.0536 —1.13
0.3 0.0976 0.100 —~2.46
0.4 0.142 0.143 —0.704
0.5 0.188 0.191 -1.60
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Table 2 Dimensionless thermal stress intensity factors (DTSIFs) for symmetric lip cusp crack with
insulated crack surface (y=1) in finite body

DTSIF | (gegreo m e 0.1 0.2 (:)/ 3b 0.4 0.5
Present —0.004 4 —0.020 —0.046 —0.072 —0.119
0.1 | Ref[11] | —0.004 | —0.019 | —0.046 | —0.075 | 0.116
) err.(%)* | 0.00 | —5.26 | 0.00 400 | —2.59
F 0 Present | —0.013 | —0.039 | —0.100 | —0.144 | —0.218
0.3 | Ref.[11] | —0.013 | —0.038 | —0.101 | —0.149 | —0.210
err.(%)* | 0.00 | —2.63 | 0.99 3.36 | —3.81
Present | 0.045 | 0.137 | 0.237 | 0.366 | 0.568
0.1 | Ref[11] | 0.044 | 0.131 | 0.243 | 0.371 | 0.555
£r “ err. (%) | —2.21 | —4.58 | 2.47 1.35 | —2.34
Present | 0.032 | 0.086 | 0.162 | 0.247 | 0.326
0.3 Ref.[11] 0.032 0.083 0.155 0.245 0.318
err. (%) | 0.00 | —3.61 | —4.52 | —0.82 | —2.52

e (96) =2 [Ilzgf.fﬁﬂese“t %100

Table 3 Dimensionless thermal stress intensity factors (DTSIFs) for symmetric lip cusp crack with zero
crack surface temperature(y=—1) in finite body

ao./b
DTS | {acgree) mo | e 0.1 0.2 0./ 3 0.4 0.5
Present | 0.0520 | 0.1260 | 0.2213 | 0.3043 | 0.3769
0.1 Ref.[11] | 0.0524 | 0.1318 | 0.2176 | 0.3054 | 0.3858
. err.(%)* | 0.76 4.40 —1.70 0.36 2.31
F 0 Present | 0.0616 | 0.1392 | 0.2226 | 0.3149 | 0.4080
0.3 Ref.[11] | 0.0630 | 0.1382 | 0.2313 | 0.3161 0.4034
err.(%)* | 2.22 —0.72 3.76 0.38 —1.14
Present | —0.0047 | —0.0130 | —0.0232 | —0.0313 | —0.0405
0.1 Ref.[11] | —0.0048 | —0.0128 | —0.0224 | —0.0328 | —0.0405
e % err.(%)* 2.08 —1.56 —3.57 4.57 0.00
Present | —0.0130 | —0.0312 | —0.0523 | —0.0773 | —0.0961
0.3 Ref.[11] | —0.0124 | —0.0322 | —0.0544 | —0.0764 | —0.1011
err.(%)* | —4.84 3.11 3.86 -1.18 4.95

e, (96) =1 [Ilzgffﬁﬁesem %100
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Fig. 3 Boundary conditions for symmetric lip cusp crack
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Fig. 7 Time dependent dimensionless thremal stress intensity factors F;* and Fy* for symmetric
lip cusp crack with various heat flow directions A at r,=1.0 (m=0.1, ao/6=0.1)
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