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The Effects of cathodic protection on fracture toughness
of buried gas pipeline
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Abstract

For the corrosion protection of the natural gas transmission pipelines, two methods are
used, cathodic protection and coating technique. In the case of cathodic protection,
defects are embrittled by occurring hydrogen at the crack tip or material surface. It is
however very important to evaluate whether cracks in the embrittled area can grow or not,
especially in weld metal. In this work, on the basis of elastic plastic fracture
mechanics, we performed CTOD testing with varying test conditions, such as the potential
and current density. The CTOD of the base steel and weld metal showed a strong dependence
of the test conditions. The CTOD decreased with increasing cathodic potential and current
density. The morphology of the fracture surface showed quasi-cleavage. Hydrogen introduced
fractures, caused by cathodic overprotection.
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Table 1. The chemical compositions(wt%) of X65 base and weld metal .

Elements C Mn P S Si

Nb

v Ti Cu Al Ni  Cr Mo Ceq.*

Base metal
SAW weld metal

0.084 1.22 0.014 0.001 0.279 0.046 0.055 0.023 0.019 0.041 0.026 0.030 0.002 0.31
0.080 1.36 0.021 0.005 0.393 0.023 0.035 0.012 0.051 0.026 0.018 0.039 0.160 0.36

SMAW weld metal 0.073 1.06 0.022 0.005 0.525 0.021 0.016 0.030 0.024 0.012 0.023 0.046 0.003 0.27

* Ceq. = C + Mn/6 + (Ni+Cu)/15 + (Cr#Mo+V)/5.
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Fig. 1 Schematic diagram of CTOD testing device.

A - COD gauge, B : Load cell,

C : Counter electrode, D : Reference electrode,

E : Galvanostat /Potentiostat
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Table 2. Mechanical properties of X65 base
and weld metal.

Y.S. U.T.S. Elong.

(MPa) {MPa) {%)

Longi . 457 572 31.6
Circum. 450 559 35.3
Seam 588 660 27.6
Girth 484 597 29.6
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Fig. 2 CTOD variations of X65 base metal
(L-T) according to testing rate.
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Fig. 3 Fractographs of X65 base metal
(L-T).
(a) 0.01 and (b) lmm/min in air
(¢) 0.01 and (d) lmm/min in -1V
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Fig. 4 Load vs. COD graph.
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Fig. 5 CTOD variations of X65 base and weld
metal according to potential.
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Fig. 6 Fractographs of X65 base and weld
metal at 0.0lmm/min.
(a) ~0.4V and (b) -2V in L-T
(¢) -0.4V and (d) -2V in seam weld metal
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Fig. 7 CIOD variations of X65 base and weld
metal according to current density.
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Fig. 8 Crack growth type of X65 base metal
(T-1).

(a) 0.0lmA/cm® (b) 1mA/cm® at 0.0lmm/min
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Fig. 9 Fractographs of X65 base and weld
metal at 0,.0lmm/min.
(a) 0.0lmA/co’ and (b) lmA/cm® in L-T
(c) 0.0lmA/cn’ and (d) 1mA/cm’ in seam
weld metal
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