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Effects of Specimen Sizes on Crack Opening Displacement (COD) for
Submerged Arc Weldments of Fine Grained Steel
by
Joong Geun Youn*, Dae Hun Kim*¥*, Sun Hyo Hwang**, Mun Il Kim*¥*¥*

Abstract

‘53

COD test based on fracture mechanics concept was used in this study to evaluate the fracture toughness

quantitatively.

Effects of specimen sizes on critical COD value for ABS EH 36 steel and its submerged arc weldments,

and the variation of critical COD value depending on metallurgical/mechanical heterogeneities caused by

weld thermal cycles were investigated.

Experiment was performed by using specimens made from base metal and submerged arc weldments

according to BS 5762.

Obtained results are summarized as follows:

1) Critical COD value for base metal decreases with increasing thickness of specimen. On hand, as

the reduction ratio of critical COD decreases with increasing specimen thickness, critical COD

value becomes constant above a thickness of specimen.

2) Critical COD value for weldment decreases with increasing thickness of specimen and was also

affected by metallurgical states of base metal.

3) Size effects for weldment was greater at the hardened region.

4) Critical COD value was affected by microstructural change due to weld thermal cycles in weldments;

that is, accicular ferrite formation is favorable for increasing of COD value.
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Table 1. Chemical composition of base metal and weld metal (Wt%)

wl c Si | Mn | P s ‘ Al | Cu | Nb | V

Classification {
BM 12 mn t | 016 | 0.28 | 130 | 0.016| 0.007| 0.000 | 0.016 | 0.021| 0.045
BM 17 mn t | 015 | 0.37 | 131 | 0.017] o.008| 0.033| 0.016| 0.016] 0.031
BM 22 mn t | 0.165| 0.3 | 145 | 0.022] 0.009] 0.045| 0.02 | 0.015] 0.035
BM 30 mn t | 017 | o2z | 135 | o021 0.009] 0045 0.016 | 0.021 | 0.041
EL—8 Wire | o1 | 005 | %37 0030 0036 — | 0.30 |Others 0.5
F—74+EL—8 Loor | 035 | Lao | oo oon| — | — | — | —
Weld Metal 011 | 053 | 235 | 0.030| — | 0.008| 0.0s5] 0.005| 0021

Table 2. Welding condition of submerged arc weldments

Plate Tnick- Welding Wire Feed
ness (mm) Voltage (V) | Ampere (A) Speed (ipm) | Speed (ipm) Total Layer Groove Shape
28~32 800~820 16
12 2.4 2
26~30 820~840 19
17 7~ 8
22 30~36 760~820 15~16 2 9~10
30 12~13
+1) BSL British Standarde] w2l &=}5 v Al
#2) ABSX. America Bureau of Ships(e]= A-F¥ 39 Hel s =4 AY

*3) AWSE: America Welding Society(®] 5 &4 3

el w3lEAE 2 A

e
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Fig. 1. Shapes and dimensions of specimen,
notch tip location in weldments
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Table 3. Tensile properties of base metal and

weld metal
Thick-
ness v Weld
Cnm) Unit 12 17 22 30 Metal
Y.S. 42 41 41 38 54
kg /mm?
T.S. 56 56 57 53 67
EL. % 27 27 27 30 28
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Critical COD (mm)
L

55
A % AEE BASE T A0 o &gk

8 da % o

3.1 =2l A CODSt A|H Size &1t

T2 AAld YA 44 FLel M =8 COD
@O e sHFolxe COD Z@m) F o= A S
$1Al CODE A 8 shed ok =& 7loll WA= 38 71
FAowe] gtk F, & AHY =27, &E 9 3%
S Sl TR dAR=zE &F AR FFE A
Lok el A3, HF Sa0] A% A3 FA
ol 43-g whert siHetE SaztHvl o 42 ke
A skl AR} s TEEY AAAE A=A
devhe Fao] ¥z vk 2 B g 4
23 3ol ek e Bl A= dA CODE SE
A gele Aol AT AA TEFY A4 L AUF
A 2H T A0 He Aolvh #eby A T 4F
AN A Bk Fd 4oz ol E «42 COD 3,
Z Fd 3FA¢ COD sl 8n% 94 COD= A9
st Aol eldatelel s

Fig. 2¢1 A1sd2] F7o] =&

N

97 COD 32l W3he

-@- Specimen extrzcted from plates of
L each equivalent thickness.

—A— Specimen extracted from 30mm

d thick pl'ate

1of LN

0.8F "

\
o} \

0.2}

I ] i 1
0 10 20 30 40

Thickness (mm)

Fig. 2. Effect of specimen thickness on critical
COD(8») in base metal
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Table 4. Absorbed energy anc'i fracture toughness data

E Size effect
Thick'nesc l Abs.E.at 25°C | Abs. E. »%
RS (im0 ‘ 8n/8n at 12mn s Kbs. E. of 1o 3 ot
On Of 12mm
12 | oasz | 1 & | 1 | 0
1'7 [ 0.4042 1 0.8417 79 ’ 0.9136 \ 0.0723
22 | 03003 | 06254 65 | o078 | 0. 1304
30 | osoes | 16795 159 | Lsass | 0.1603
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Photo. 2. Photographs of fracture surface of
weldment specimens
a) Notch location, C of Fig. 4
b) Notch location, B of Fig. 4
¢) Notch location, A of Fig. 4
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Fig. 5. Variation of critical COD (8») versus
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different thickness weldments.
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