1510 % L W

g 71 4 (1985) #lle

AN

© 1985 1ISIJ

we - peEE BEEET

Kenji Suzuki, Toru FURUKAWA and Yasuo GOTO

B X BVETER X 2 L R IR REOBEREDT
Wnma RN x I\ ]/ ‘y % . ‘/\\_ ‘/[pg 0)%4E
e NI~ ¢ (= M=V |
Relation between Thermal Shock Crack and Stress Intensity
Factor, and Behavior of Stretched Zone Width
Synopsis :

Purposes in this study are to estimate validity of linear fracture mechanics for thermal shock cracking
and to clarify the behavior of stretched zone width in thermal shock. Thermal shock tests were carried
out with carbon steel (S53C). Thermal shock was given by jet water on the fatigue precracked surface.

The following results were obtained ;

1) At a given temperature, thermal shock crack length can be correlated with the maximum value of
stress intensity factor which was caused by unsteady thermal stress(maximum stress intensity factor).

2) Stretched zone width is proportional to the temperature of crack tip at the time when stress inten-
sity factor becomes maximum. Stretched zone width decreases, as the increase rate of stress intensity

factor rises.

The above was also confirmed by results on a different size test specimen.
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Table 1. Chemical composition and mechanical
properties of the steel used.

Chemical composition

(wi%)

C Mn Si P S Cr Ni Cu

0.54 0.74 0.22 0.022 0.013 0.12 0.02 0.01

Mechanical properties

Tensile strength Elongation Reduction of area
710 MPa 24.5% 34.9%
>
@) (b)

Fig. 1. Sampling method of test specimens from
S53C bar (¢130mm) : (a) W=32mm, (b) W
=40 mm.
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Fig. 2. Shape and dimension of test
specimens.
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Fig. 3. Apparatus for thermal shock test.
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Fig. 4. Variation of temperature at cooling
surface of test specimen with time.
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Photo. 1. Fracture morphology of thermal
shock cracking (T q,=873K).
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Photo. 2. Dimple at crack arrest zone on
thermal shock cracking (7,,,=973K).
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Fig. 5. Relation between thermal shock crack
length and precrack length.
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Fig. 6. Definition of coordinates for
calculating thermal stress.
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Fig. 7. Behavior of stress intensity factor
of several precrack lengths with time.
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Fig. 8. Variation of maximum stress intensity
factor with precrack length.
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Fig. 9. Relation between thermal shock crack
length, @;, and maximum stress intensity fac-
tor, K,,.. Arrows indicate no propagation of
thermal shock crack.
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Fig. 11. Variation of stretched zone width, SZW,
with temperature at the precrack tip, T..
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Fig. 13. Effect of test specimen height W on the
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