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Abstract : The quantitative assessment of the effect of the residual stress on fracture behavior was executed by some experiment and
numerical analysis. First of all, artificial residual stresses were imposed on CT (Compact Tension) specimens by local heating using gas
torch, and an appropriate distribution of residual stresses was obtained by thermal elastic-plastic FE analysis. To certify the result of
the FE analysis, an experimental measurement was performed in accordance with ASTM standard Fracture toughness test was executed
on the several types of specimens. The first type was the specimen without residual stresses, and the others had different peak value of
compressive residual stress at crack front via controlling the heat flux All the test results were presented on the ] resistance ( Jy)

curves and discussed to verify the effect of compressive residual stresses on fracture behavior.
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Fig. 2 CT specimen for toughness test
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Fig. 3 Specimen for tension test

Table 1 Material properties

Yield Tensile Young's Percent
stress stress modulus elongation
250 MPa 435 MPa 210 GPa 38 %

s Age] v 4¥S A% AlES ZH
%e A AAd7td g o8 AH&

F2 849, & 371/ FF9
(precrack)2 2 #€ AAE AA =3 TEi 6 mmE e‘%
ANRed, #d Auie YA FFTHE AAEAT7] 4
3l 7k EQ A (gas torch)& o] &3] o8 WOF-25E
5 mm 930 714 S Atk o] W) AHe Y FAH =
9] 719& st AT Tl W Ty 4Pl AgsES
AlHe] WEgg HisgstA 7t Hel FHE= 44
Table 29} Table 3¢ Azlstdch
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Table 2 Line heating condition

Oxygen 55.2 kPa

Gas pressure Propane 517 kPa

Torch tip clearance 21 mm
15 mm/sec

Torch speed 5 sec

Table 3 Types of specimens
Types Remarks

A Without residual stresses
B Including residual stresses
Heating speed: 15 mm/s
C Including residual stresses
Heating speed: 5 mm/s
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Fig. 4 Heat source moving on the plate surface
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q max =%qe/f

where, ¢(#): heat flux (cal/mm’sec)

4.4 effective heat input rate (cal/sec)

@ oy | Maximum heat flux (cal/mm’sec)
7: concentration coefficient (mm™)
7: distance from the center of heat source

(mm)
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Table 4 Results of fracture resistance near notch

2 Positions of crack from
Types Jic (/) precrack tip (mm)
A 79.8 031
B 103.9 0.35
C 212.4 051
Table 5 Regression equations of Jp curves
J= C1(44) ¢ (kJ/m®)
Types C1l Cc2 Remarks
A 184.55 0.7289 -—
B 203.69 0.6442 heating speed 15 mm/s
C 301.28 05192 heating speed 5 mm/s
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Fig. 12 J, curves for three types of specimens

Table 6 Slopes of J curves

Slope of Ji curves according to the positions
Types from precrack tip (10° kJ/m®)
0.51 mm 7 mm
(initial crack)
A 161 79
B 166 65
C 216 61
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250 | weA ||
— \A lT)'pCB
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~
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3
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