88 BB TG, $£4% $1%, pp. 88~100, 1990. 6

H,S7} A fafll BRIkl 23
WHERSE RS2 B ahER SR

Bt - &S - SEFT - SRR
(1990 4% 259 A

Stress Corrosion Cracking Initiation Behavior of
Weldable Structural Steel in H,S Gas Saturated HC! Solution

Sae-Wook Oh, Jae-Chul Kim, Tae-Hyung Kim and Kwang-Young Kim

Key Words : Stress Corrosion Cracking(SCC, METIEaEZY), Hydrogen Damage(Zk EiBH),
Compliance Formula(Z Z2toled2~44]), Inclusion(/MEE#y), Segregation(fR#7),
KisccHEN AL TIRA HHIEAGRER

Abstract

Among the test methods to evaluate stress-corrosion cracking(SCC) on the basis of frac-
ture mechanics, constant displacement(bolt) loading method using modified-WOL specimen
is practically convenient. In this test method, compliance formula is generally required to
calculate load(consequently Kisec). There are many problems in using the analytic compliance
formula to calculate Kiscc, so we had proposed the experimental Kiscc evaluation technique
in the previous report”.

This study has employed the slightly altered configuration of modified-WOI. specimen
made of weldable structural steel(BS4360-50D). With these specimens, stress-corrosion tests
have been performed in H,S gas saturated 20% HCI solution. Through the test, the prob-
lems as mentioned earlier” have been discussed again, and the proposed evaluation techni-
que has been verified.

And the stress-corrosion cracks and hydrogen blisters have been investigated in the initia-
tion step with the aids of metallurgical micrographs, SEM fractographs, and EPMA analysis.
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The inclusions segregated in the mid-thickness region traps hydrogen to produce the hyd-

rogen blistering. The applied or residual stress does not contribute the occurrence of the
blister. Hydrogen absorbed into the mid-thickness region is consumed to produce the bliste-

ring so that stress-corrosion crack could hardly be detected at that region.
The stress-corrosion cracks initiate from the inclusions and propagate in radial pattern.

And the initiation site is remote from the crack tip and is inclined from the crack plane,

which is assumed to be caused by the triaxial stress and the amount of the absorbed hydro-

gen.
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Table 1 Chemical composition of BS4360—50D steel o (wt. %)
C | Si  Mn P | s Cu Cr Ni | Nb V.| Mo
0141 0.366 . 1425 0.023 | 0.005 0.220 0.023 1 0.258 | 0.001 | 0.005 | 0.012 |
Table 2 Mechanical properties of BS4360—50D steel N o
Yield Tensile Reduction | Modulus of ]
strength strength Elongation of area elasticity Hardness
(MPa) (MPa) (%) (%) ~ (GPa)
371.3 L 527.2 3341 73.58 2149 160 Hv 5/15
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Fig. 1 (a) Geometry and dimensions of the MWOL specimen (units . mm)

(b) COD measurement points



H.S7FA A BRI Hel 23 RS AMS) EHRMEN #4825 9

S stsick &, oldl A" REHECZ A
obdl FREEl o8 A BEME YHAL
e stdrh =3, CTREA O BATIRERS )2
¥ EHBEEEEY SRS st BT &A
TR Aoz maAsbych

3. RERER % X

3.1 KkIEHER

Photo. 1(a)= ENEAS A1 AR S EMAT
= 7h3lA] ok wiE EABET W) &5
olm, (b)x (A HA == EHEMmBR o
e Jebd Aol Photo. 1@9N4 ¥ = e
ulel o] i keolle T-LEoE 7;_}3}21 2=
gte] glon, B3] A 7hed & =A
v il oA AH e~ E(hydrogen
blistering)e] gt 4224, FaUdArt F549
o] 7| 2L ARH-R HAlE o] FojrpA, 1
Frefl A B2 AygFo2 g F uighg Ay
AlA 2 AZEE Hol R A e Aolztm Frhw

(@

oleiyt AA-E dodle HAL 2AEY) 93t
300°Cel Al 7587 §-21% ¥ WA= BEED
BrZE BRI 1050°Coll A 4417 =18 ¥ st
= BRLER Zhe® 44 EHERMHERS )
ittt Photo. 29 2 ZA#}E vehlglen, @)+
BAH, b BEEABREH, (O RATTEM
2832, (d)e BAELEEHAY A$Eon (S
A2 (@), (b) ¥ (©NA FaBAE o] F&
o FAHB Y EBHOMBAR == B
BN F@stn FE5z2Hql FA9 g
= e o 5 g

Photo. 39 (a)¢} (b)= Zh2t @iicktel FA s
el BB i = AbAleld At
BEM((b)E Ei@el vlste side] AX AUS
4 B £ oed, ook FE2Ae Aot 5
A BelzaElgx do gt ¢dov I ok E WE
B el Al "o 2811, @)X (ol
ling)el &%+ {E¥i(segregation) o2 FH o] Er]
HA FA hfgd £ MEE YA S
Hog ¥

£ 2 4 )3, ffEM(inclusion)e] AF

zstz et

3 =
( e: stress corrosion crack contour
o: fatigue pre-crack contour
%
[ ]
[ Py (11
b ) ° o® oo
) e ® %o %0 ° ° ® LT ...‘
ot ° .’ o o %,
° .8.. °
p ¢ o O © 0O 0 o0 g
° o © o O 0O o o
% © ° o

?‘Lspecimen surface

specimen surface _S'T

Photo. 1 (@) Fracture surface of the stress-corrosion tested specimen
(b) Stress-corrosion crack contour



2 B Al - SR - ST S

AR s Ry

(©) (d)

Phato. 2 Fracture surfaces for (a) raw material, (b) stress-relieved material (c) corrosion-only tested, (d)
solution-treated material specimens

i
T,

;. *

4
. kS
S e

s

.

o TR e § S B
W Ao i OF -fm
\

Photo. 3 Metallurgical micrographs for (a) raw onaterial at mid-thickness region, (b) solution-treated
material
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Table 3 Kisce values determined from Lisagor's analysis (*) (MPa - \/7);)

(Hﬁ saturated 20% HCl1 solutlon)

I SN [ S (R N N S T N O
Method 1 | 8533 | 8008 | 8306 | 7722 | 8234 | 7988 | 816l
+  Method 2 | 5722 | 5745 | 5388 | 6420 = 8622 | 6655 | 6566
| Method 3 7624 | 7276 | 7362 | 7301 | 8362 | 7557 | 7645
Method 1 | 8274 | 7816 | 8091 | 7755 8137 | 8064 | 79.38
++ | Method 2 | 5548 | 5608 | 5248 | 6448 | 8517 | 6538 | 6387
 Method 3 | 7393 | 7102 | 7172 | 7332 | 8260 | 7423 | 7437 |
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Table 4 Kiscc resulted from the proposed method (%) (MPa - ﬁ)

(H.S saturated 20% HCI solution)

(*)

1 2 3 4 5 6 7
+ 52.49 51.94 51.96 56.69 53.03 53.07 53.13
++ 5740 ] 55.73 56.08 5598 | 55.85 55.91 57.57

+ ! calculated from corrosion-penetrated crack length

! 1 ! calculated from stress-corrosion-crack contour

Method 1 : results from mouth COD (Vy)

Method 2 : results from pin-hole-line COD (Vy')
Method 3 : results from bolt COD (V) calculated by linear interpolation of V, and V¢
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