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An Evaluation of Fracture Toughness for SS400 Steel by
R-curve and DCPD

Seok-Ki Jang? - Min-Su Hanx*

Abstract : Fracture toughness defined near the initiation of stable crack growth is
investigated by R-curve and Direct Current electric Potential Determination(DCPD)
under mode I plane strain conditions for CT specimen with 25.4m thickness of SS400
steel. Fracture toughness, Ji near crack tip of CT specimen by R-curve is 17.14 kg o/ mm
and however, its value by DCPD is 22.82 kg /mm. The value of fracture toughness by
DCPD is larger than that by R-curve. Therefore, it is suggested that the evaluation of

fracture toughness by R-curve is optimum than by DCPD, when considering amount of
crack growth about each of fracture toughness.

Key words : Fracture toughness(3#324), Crack growth(#&84%%)., DCPD(Direct
Current electric potential determination, AFAA ¥H), R-curve(R-FA4)
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Table 1 Chemical composition of SS400 steel(wt.%)
Element | Fe C Si Mn P S
Wt(%) |98.41] 0.17 { 0.20 | 1.11 |0.0038| 0.020
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Table 2 Mechanical properties of SS400 steel

Name of properties Test value
Yield strength
Tensile strength
oy (keflmm®) 47.19
Elongation, &(%) 45.18
Elastic modulus "
E (kgf/mmz) 2.1x10
Effective yield strength,
00 kgf] mm®) 37.76
Effective yield strain, €o 0.001798
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Fig. 1 Configuration of CT specimen with Input
current and output voltage terminal position
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Fig. 2 Schematic diagram of experimental
apparatus ; (1) R-Curve test system, (2) DCPD
system (3) Optical microscope
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Table 3 Relationship between J-values and crack
growth Ja of the CT specimen by
R-curve method

(1) a,/W=0.45

Max. Load
L?xkg f;)a J o Ja J value Ada
3600 0.00 14.32 14.32 0.031
4600 11.32 18.77 30.10 0.171
4700 16.88 17.98 34.86 0.366
4800 1654 19.61 36.16 0.560
4900 21.36 19.75 41.10 0.589
5000 24,64 19.59 4423 0.607
5200 35.28 19.08 54.36 0.760
(2) a,/W=0.53
Max. Load
(%ng f;)a It Jea J value Ada
3500 (.00 18.75 18.75 0.021
3650 8.63 17.45 26.08 0.342
3750 12.22 16.02 28.24 0.532
3800 14.26 16.94 31.20 0.571
3900 18.66 17.79 36.45 0.521
4000 22.09 17.86 39.95 0.621
(3) a,/w=0.58
Max. Load
szkg f;)a T Jet J value da
2700 0.00 16.23 16.23 0.036
3050 16.99 19.24 36.24 0.612
3100 16.78 17.86 34.64 0.674
3150 18.05 17.57 35.63 0.635
3200 18.68 16.36 35.04 0.739
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Fig. 3 Blunting line and /—4q curves of the CT
specimen by R-curve method
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Fig. 4 Displacement vs. Load and DC electric
potential curves for determining crack growth
initiating fracture toughness on the CT specimen
by DCPD method.
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Table 4 [, Ada values, § and P 4oy measured
and estimated by ASTM E 1737 --96

2 W 11\4405(11); & | Pasm J da
(kg ) (mm) | (kegp |Ckgdmm)| (mm)

4900 || 0.664 | 4342.29 26.40 0.340
045 | 5000 || 0.571 | 4345.67 25.17 0.350
5680 | 0.677 | 4416.68 27.02 0.430

T—§900 0.621 | 3518.13 22.80 0.230

0.53 | 4000 | 0.683 | 3574.89 | " 23.33 0.250
4480 | 0.641 | 3569.37 22.66 0.250

3150 || 6.704 | 2786.13 23.87 0.150

058 | 3400 || 0.679 | 2869.05 22.35 0370
3560 || 0.545 | 284371 21.92 0.360
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Table 5 Relationship between fracture toughness
values and crack growth at the initiation
of crack by both R-curve method and

DCPD method
R-curve method DCPD method
@)W Jrc da Jc da
O N Chg dmm) | Cmm) | (kg Jmm) | (mm)
0.45 19.11 0.0735 26.20 0.373
0.53 1713 0.020 2293 0.243
0.58 1715 0.062 22.71 0.29
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