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Evaluation of HIC Resistance for Thick-wall Welded Pipe

Jun Seok Seo*, Hee Jin Kim* and Hoi-Soo Ryoo*

*Korea Institute of Industrial Teéhnology, Cheon-an 330-820, Korea

Abstract

It is required for the steel materials used in the sour environment to have sufficient resistance to hydrogen induced
cracking(HIC). For line pipe steels, HIC resistance could be varied during pipe making process due to the large plastic
deformation applied in the thick-wall pipe. In order to figure out such effect, HIC tests were performed not only in
the plate condition but in the pipe condition and their results were compared in terms of cracking ratio. Test results
demonstrated a detrimental effect of plastic deformation to HIC resulting in a substantial increase in the cracking ratio
after pipe forming process. All of the cracks found in the pipe material were located in the outer layer of pipe where
the tensile strain was resulted during pipe forming stage. In order to understand the HIC resistance of the pipe but in
the plate condition, it was suggested to pre-strain the plate to some extent before the HIC test.
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Fig. 1 Press bending of steel plate

Table 1 Chemical compositions of test specimens(wt-%)

Chemical composition(%)

C Si Mn P S Ca

0.005 | 0.001

0.0492 | 0.296 | 1.240 0.0018

Table 2 Tensile property before and after bending

Yield Tensile Elongation

Specimen Condition | strength strength [go/]

' (Mpa) (Mpa) ’
as-plate condition

(before bending) 47.9 536.1 437
as-pipe condition

(after bending) 478.6 604.6 27.6

Weld metal 510.3 604.2 19.3
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Fig. 3 Location of cutting line determined by UT
image
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Fig. 4 SAM image of steel plate before HIC test

Specimens

D SAM Image

BB 1

BB 2

BB 3

BB 4
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BB 6

Fig. 5 UT images of HIC specimens taken from
steel plate
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Fig. 6 UT image of HIC specimens taken form
welded pipe
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Table 3 Cracking ratio measured in pipe condition

) specimens cracking ratio(%)
specimens D
CLR CTR CSR
W-1 0 0 0
Welded W-2 0 0 0
region
W-3 0 0 0
- 21.2 1.61 0.45
Welded B
region + 90° R-2 0 0 0
(base metal) [T 205 | 261 | 054
B-1 0
Welded 0 0
region + 180° B-2 20.3 3.12 0.59
(base metal) B3 0 0 0
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Tensile strain

Compressive r—r,

strain

X 100=3.4(%)
r: 381 mm
I'y : 368.5 mm

Fig. 7 Estimated strain applied in pipe condition
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