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Evaluation for Fracture Toughness
with Considering the Thermal Energy
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Abstract

In the case of a crack propagation, a portion of the work of inelastic deformation near the crack tip
is dissipated as heat. In order to understand the thermal effect on fracture toughness, tensile test was
carried out using thermocouples to monitor the variation of temperature with SA516 Gr70. The
experimental results show that the temperature of specimen was increased 3.6°C at static load condition.
And the thermal effect was investigated connected with the steady-state stress in the vicinity of a crack
propagation in the elastic-plastic C-T specimen theoretically. And fracture toughness, the energy to
make crack surfaces, presented correctively. The fracture toughness with considering heat at the blunting
of the crack tip ws lower about 19.3% than that of ignoring heat. So, it is resonable to apply the
fracture toughness with considering thermal enmergy and it would be good explanation for constraint
effect depending on the configuration in the presence of excessive plasticity.
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Fig. 1 Schematic diagram of tensile specimen
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Table 1 Mechanical properties for SA516 Gr70

Steel
lower yield upper yield | Tensile strength
strength(M Pa) | strength(M Pa) ( MPa )
353 380 540

600

{ SA516 Gr. 70

450 |

300

Stress [ MPa ]

150

0.1 0.2 0.3 0.4 0.5
Strain

Fig. 3 True stress-true strain curves by the
tensile test for SA516 Gr70 steel
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Fig. 4 Definition of the area for fracture
toughness
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Table 2 Chemical composition of A516 Gr50 steel [Wt. %]

o

C % Si Mn S \Y% Mo Al Ni
0.21 , 0.24 1.07 0.013 0.004 0.38 0.06 0.035 0.20
Table 3 Mechanical properties for A516 Grade 70 Steel
: . Thermal Young Fracture Fracture
D
Material ensu); ip;;t;c hlegt conductivity Module toughness toughness
(kg/m) ¢ (Wm-K) | (GPa) | (KioMpalm) | (Jics EN/m)
AS516 7,833 0.465 55 207 163.8 118
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Table 4 Comparison between thermal energy and

fracture toughness

Fracture Thermal
Material toughness energy Z;a/“;
(1)
(Jlmm®y | (J/mm®)
A516 l 0.118 l 0.023 19.33
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5 72 Aol ey AAAAA( ST )

Eo FIHAEA( T 9 vl
azbany

&

(3) #FEN ol uf
W] ofgh
condition), FEAMEE S (crack tip speed), ME

)

°of &4, ¥

(1) Anderson, T. L., 1995, Fracture Mechanics,
CRC Press. Boca Raton, pp.155~178.

(2) Potthast, B. K. P, 1997,
"Calculation of the Asymptotic Temperature
Field Induced by Dynamic Crack Growth in
Elastic-Plastic Materials," Angew. Math. Mech,
Vol. 77, pp. 271~272.

(3) Anderson, T. L., 1995, Fracture Mechanics,

and Herrman,



CRC Press. Boca Raton, pp.117~131.

(4) 1. P. Holman., 1986, Hear Transfer, McGRW
-HILL Press., pp. 1~22.

(5) Gleln E. Myers., 1985, Analytical Methods in
Conduction Heat Transfer, McGRAW-HILL
Press, pp. 116~122,

(6) 47873, 1989, “A g2 ©AAY FHAA
o) 2% oEAe g A7M, BF A%
=83, A 138, A435, pp.653-659.

(7) Ricahrd, W. and Hertzberg., 1996, Deformation
and  Fracture  Mechanics of  Engineering
Materials, JHON WILEY & SONS, INC.
Press., pp. 335~342.

-15-



