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Ductile Fracture Behawviour under Mode I Loading
Uszing the Single Punch Shear Specimen
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Abstract

The aim of this study is to investigate the Jductile fracture kehawiour under mode I
loading using ARIIE pressure wessel steel,  Single Punch Shear (SFS) Test was adopted to
obtain the ~F curve under pure meode II leading,  Fractoegraphic observation using SEM
was performed and these results were compared with those under mode I loading, The
fractographic evidence supported this fact that the energy to advance the crack under mode |
loading was ewen greater than that under mode II loading, In conclusion, J resistance under
pure maode II loading is much lower than that of pure meode [ loading,
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Table 1 Heat treatment of A533B/C1

Heat Treatment | Temperature(°C) Period Cooling
Austenise 870-908 4 hr. 17 min. Water Quenched
Temper 650-660 6 hr. 40 min. Air Cooled
Table2 Chemical composition (wt. %) of A533B/C1
C Si Mn S P Cr Mo Ni \% Cu
0.21 |1 026 | 1.40 | 0.018 | 0.006 | 0.10 0.50 0.66 | 0.003 | 0.04
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Fig, 1 Tensile Specimen Geometry
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Fig, 2 Zingle Punch Shear Specimen Geometry for Mode II Loading
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Fig. 3 Single Punch Shear Test Fixture for Mode II Loading (1]

3-3 &=+ RLC [19 udeHdz

=P (12 Tt AER], 7= Sumputer et al, [3] 2] &l(1)S 0]E5hd Z2EFHLT

_ ¥ e U-s W Uﬁ-
I=Bw—a T E W2 (1)
214 Wwe AlEEe E pe AEYE A, o= 3W 0], e elastic potential energy, e

plastic potential energy, 231 5= HALEA£0IT g2 2212 Linear elastic compliance, ¥,
2] BAZRY 2 4 2T

ve= YE—a/W/ [ YidaIW (2)

. A3 BAZRY AL £ ST

(W—a) g3 441
e Uﬁ. Frts: (3)

g4 go= AEEY 9r2 limit lead )T}, Landes et al,2] 2H [4]E 0]E2351d, Mies et al



e
o
il

1

il

S2 T2 39 Polo NPBWES AEsG LY¥S Wl 32D @
B2 WH ZHNE BH olstel WH, It awd B4

Uiw-a)2l ALE 5,0 A4S JHEEH WESCL 1 FT SPS A
W, onE 16 09T FEHo® 24BT Nsl]Ael SPS U T3

A & otk

15U, 0.97U,
I=Bw—a T B(W- ag) (4

W74 Bz AEHE RHOIH, a = 271 3YW Fojolo},

F4+BE I 2 R curve= Fig, 4 of UEIL SITE 2 HEof4 2T 5P58 DU EAE=
e 22 S LERHD it o™ 2Z JEE] T2 @3 Zobsts AHHE Z20E Bes1
AT} TE A3 AME d@EMEAY AT §HE 8401 RE 1 A2 SHYUHRRTE o 2
TN EAE GERRAL BlFttD BoF AR itk o] Hol dEidE 5 el BE T 9
ot o1 R gt Bl EHHA CRA] =2)E Zolth

J resistance curve under Mode Il loading

60

204

20T o SPS (multiple)

——Linear (SPS
(multiple))

0 1 2 3 4 5
Crack Length (mm)

Fig, 4  J resistance Curve for MWode II (SFS) Loading

Surface—A Surfoce-B
L,— 1
N
B\ ~ /
%"’ ———

A



Fig & Fractographic Observation Location

4 Fractography
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(k) Fracture Surface at Location B (c) Elongated Dimple Shape at Location C

(d]l Shear Dimple with leferent D]IECth-Il (o) Fracture Surface at Location E
at Location D

Fig, 6 Fracture Swurface Fractographs of SPS Specimen under MWode 1T Leoading
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fa) DMlcroveld nucleations and coalescences under Mode I Loading

(bl DMicrovoid Sheeting Mechanism under MMode I Loading

Fig, 7 Comparison of Crack Profile between Mode [ and MMode II Loading

fa) Circular Dimple under Mode I Loading (k) Elongated Dimple under Mode II Loading

Fig, 8 Comparisen of Dimple Shape between Mode T and Mode II Loading
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Fig, 9 Definition of Crack Length for SPS Specimen under Mode II Leoading
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Fig, 10 Comparison of J-F Curves between MWhde [ and Mode II Loading
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