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The Extension of Hydrogen-Induced Fracture in Linepipe Steels

Synopsis:

Makio TiNo

The hydrogen~induced fracture of linepipe steel is characterized by the formation of internal blisters caused
by hydrogen precipitation at an inclusion-matrix interface, followed by the formation of blister—crack array
by linking the region connecting them under the combined action of internal hydrogen pressure and external

force.

The manner of extension of the hydrogen~induced fracture of this type is considerably influenced by the
presence of external force, i.e., in the absence of it the fracture develops by stepwise linking the blisters,
while in the presence of it the fracture develops by linking the blisters which are formed in stacked arrays

out of the plane approximately perpendicular to the external stress axis.

The shear stress distribution

induced around the blister is sensitively influenced by external force applied parallel to the blister, therefore
it is expected that the manner of extension of the blister—induced fracture should be influenced by the ex-

ternal force.

In the present paper the above—mentioned change due to external force of the manner of extension of

the hydrogen—induced fracture is explained on the basis of the str

surized crack-like cavity under stress.
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Fig. 1. Pressure relaxation by plastic deformation
of internal blisters. p is the pressure of
hydrogen molecules precipitated within

the blister.
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Fig. 2. Pressure relaxation by plastic deformation
of a hydrogen blister. p is the pressure of
hydrogen molecules precipitated within the
blister.
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Photo. 1. A large blister formed in a linepipe with

high sulphure content.
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Fig. 3. An internal blister under stress g®.p is
the pressure of hydrogen molecules pre-
cipitated within the blister.
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Fig. 4. Geometry of test piece for constant load
test under hydrogenation (unit: mm).

Table 1. Chemical composition of the specimens (weight percent).

Grade* ‘ Code G Si Mn 1 P | s \ Nb v
2B 0.124 0.36 1.33 0.009 0.007 0.034 0.068

X 65 K2 0.148 0.26 1.35 0.011 0.003 0.040 0.057
021E 1t 0.127 0.29 1.35 0.009 0.005 0.039 0.020

X421t 0.133 0.22 0.95 0.027 1 0.024 ' 0.001 | 0.005

* APl (American Petroleum Insitute) grade. 5LX-
t Taken from industrial steels. Control-rolled.
11 Taken from the failed sour gas linepipe in Saudiarabia (1974).

The others were prepared by laboratory scale melting and by simulated controlled rolling.
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Photo. 2. Internal blisters and cracks as observed in the transverse-to-rolling cross section of
specimens tested under stress and broken. As polished.
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Photo. 3. Blister distribution in
the transverse-to-roll-
ing cross section of
the specimen unload-
ed in course of test.
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Photo. 4. Blister distribution in the transverse-to-rolling cross section of 2B
tested under electrolytic hydrogenation, free of external stress.
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Photo. 5. Blister distribution in the tsansverse-to-rolling cross section of
X42 steel after immersion test. Nital etched.
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Fig. 6. To illustrate stress state around a hydrogen
gas pressurized crack under stress, .
- p isthe pressure of hydrogen gas precipitat-
ed within the crack.
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Fig. 7(a). Maximum shear stress distribution aro-
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Fig. 7(b). Maximum shear stress distribution aro-
und a hydrogen gas pressurized crack
under stress (2).
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Fig. Al. To illustrate Egs. (A5) to (All).

o® WX b5 GrERAbLE D (Fig. Al 2R X)

EICXDkEY, BADISHBRIRADOLSITE T 3.
g:=v(0x+0y) =vR[¢' (Z)]+u(a°°—[))
(A1)

ay—ax+2inw=r7(z¢”(Z)+x”(Z)>—om—p
o ~(A2)

Tz ¢@)%Avx&0(2~hw0ﬁrﬁ®ﬁﬂ
%'ﬁ: L y=o00 T Gy—p, O'x*‘T.ry—O b AN e
BiEn M EkchoT, C E. EncLis® 2 A C.
STEVENSON) D5 2 2 ERIZHVTRD LS ICEDLT C
EMBRTES.

G(Z)=—pZ 420/ ZF—Feerererrcnee e (A3)

x(Z)=—pctcosh=1Z +p(Z2— (¢2/2)) ------ (A4)
(A3), (A4 % (Al), (A2 RICRALTEET 5
WXV IRRKEBS.

6:=v(0x+0y)=20R[w(Z)]+vg® ereeeer (A5)
Gy—0x+2ityy=—2iy0' (Z) —g®---vcsrereis (AB)
2 w(Z) BkATHEx L B.
VA
w(z)=p<m_ 1> e (A7)

(A5), (A6), (A7) 1x EnxcLis % STEVENSON Ofg &
WESTERGAARD O fi#8) @ [F—HEIT 2\ T b3k~ T v 5%,
(A5), (A6), (A7) % ox, 0y, 04y KDOVTHL
REREARL (5) RB XV (4) RITRALTELLT
WREZzENnLh Fig. 7 3 X Fig. 8 |z, gy 2w
Tk Fig. 9 R L. S5IcEAw(2)%% Fuvhig,
Fig. 10 2R L 728 7Kk3EH —P »3%k %%, —P 13,
Ort0ytaz 1+v

—pP= 3 (G5t ay) veeeenne (A8)
THExzbNn 5.
* WESTERGAARD {IIEH KM »y=0 T 0, =0y Tzy=0 ZHHIE
ATHBNTWS.
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