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Hydrogen Cracking Susceptibility Evaluation of Buried Steel Pipe under

Cathodic Protection

Yuichiro YAMAGUCHI, Hidemasa NONAKA and Koji YAMAKAWA

Synopsis :

The hydrogen cracking susceptibility of mild steel was studied to determine the overprotection potential
in soil and acetic acid solution by slow strain rate test (SSRT), constant load test and hydrogen permeation

test.
The following results were obtained :

(1) The elongation was tend to decrease and the tensile strength was tend to increase in the overprotec-

tion environment compared with air environment.

(2) The reduction of area did not decreased in 20% water content soil under overprotection conditions.

(3) The reduction of area decreased in 30% water content soil with shifting less noble potential, and also
SEM photograph indicated quasi-cleavage fracture surface.

(4) Mild steel exhibited hydrogen cracking susceptlblhty when hydrogen content was more than 10 ppb.
The cathodic potentials, which cause hydrogen cracking susceptibility, were — 1.4V (ps. Cu/CuSO,) in
30% water content marine clay and —1.2V in 14% water content sand, respectively.

Key words : cathodic protection; hydrogen cracking; slow strain rate test (SSRT); overprotection;

pipeline; soil ; hydrogen susceptibility ; mild steel.
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(a) Weld metal (b) HAZ (c) Base metal
Photo. 1. Microstructure of specimen.

CE SUS304

i ; ; : Potentios RE Ag./AgCl
Fig. 1. Shape and dimension of specimens (a) for entiostat
slow strain test (b) for hydrogen permeation test. RE CE | WE T
Table 1. Chemical compositions of base metal and O
welding metals. W17 11 [
Specimen C Si Mn P S
Base metal 0.14 0.23 0.43 0.014 0.018
Welding rod A 0.08 0.64 0.86 0.012 0.100 ’ ~
Welding rod B 0.09 0.08 0.40  0.014  0.013 Sat
Naz 304
Table 2. Mechanical properties of specimen. O \
Yield strength Tensile strength Hardness (HV) Specimen
{MPa) (MPa) Base HAZ Weld )
362 461 140 170 215

Fig. 2. Schematic representation of cell for SSRT.
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Table 3. Compositions and properties of used
soils.

. Clay &silt  Water CI7 S04 Resistivity
Soil mass%) (mass%) (meq/kg"soil PH 0 m)
Marine clay 93.0 30.1 0.12 180 3.6 4.8
Sand 26.4 0.84 0.24 0.62 6.1 26000
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Fig. 3. Changes of mechanical properties in
marine clay (a) relationship between potential and
elongation, (b) relationship- between potential and
tensile strength.
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Fig. 4. Relationship between potential and reduc-
tion of area in marine clay.
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Fig. 5. Changes of cathodic currents during

SSRT at —1.7V in marine clay.
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Fig. 6. Relationship between potential and hy-
drogen content in marine clay.

Photo. 2. Scanning electron micrograph showing
typical fracture surface (a) —1.5V in 20% marine
clay (b)—1.5V in 30% marine clay.
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Fig. 7. Relationship between hydrogen content and

reduction of area.
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Fig. 8. Relationship between potential and hy-
drogen content in various environments.
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