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Assessment of Influencing Factors on Ductile Crack Propagation / Arrest

in High Pressure Gas Pipelines by Experimental and Numerical Model Analyses
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2.1

Norway 2009 ,
SINTEF

2009 8 .

2.1.1

API 5L-X65 UO ,
559 mm, 13.5 mm . West

TMR, East TMCP , Fig. 1
. Table 1

. 16.0 MPa ,
.
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Fig. 1 Pipe settings of Norway 2009

Table 1 Mechanical properties of the steel pipes

No. YS TS EL CVN

(MPa) (MPa) (%) (J)

West-1 (TMR) 506 583 38 467

West-2 (TMCP) 558 659 33 474

East-1 (TMCP) 571 665 32 492

East-2 (TMCP) 571 662 32 483

2.1.2

, 735 mm
West 410 mm, East

190 mm ,
(Fig. 2).
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Fig. 2 Pipe deformation of Norway 2009
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2.2

Kushiro 2009 ,

.

2.2.1

100 mm, 3 mm
4 ,

.
1 (W-1) , 3 (G-1, G-2,

G-3)
.

2.2.2

, Fig. 3
.

Table 2 .
, G-2

3D , Fig. 4
. ,

,
3 % .
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(a) W-1
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(b) G-1
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(d) G-3
Fig. 3 Pipe deformation of Kushiro 2009

Table 2 Summary of Kushiro 2009 test results

No. Medium Pressure Crack length

South North

(MPa) (mm) (mm)

W-1 Water 5.2 0 0

G-1 Nitrogen 5.1 45 90

G-2 Nitrogen 6.2 280 170

G-3 Nitrogen 5.0 20 0

Fig. 4 3D measurement result
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. 3D ,
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Fig. 5 Comparison of radial displacements

3.2

,
φṁ ,
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∂ (ρA)

∂t
+
∂ (ρuA)

∂x
+ φṁ = 0 (4)
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∂
(

ρu2A
)
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= −A
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(5)

ρ = ρ(p) (6)
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T , A , φ

. A φ , ψ
.

3.3

Nx, Qxθ

Mθ

2



,

F1

(

ψ,
∂ψ

∂x

)

+ F2

(

ψ,
∂ψ

∂x
,
∂2ψ

∂x2

)

+ F3 (ψ)

(

∂ψ

∂t

)2

+ F4 (ψ)
∂2ψ

∂t2
= 0 (8)

, ψ
, x 2 , t 2

.
, .

,

1

h

(

dWgas

dx
−

dU

dx
−

dEk

dx

)

≥ G (9)

. h , Wgas

, U , Ek , G

,
KR(V)

G =
[KR(V)]2

E
(10)

.
,

,
, 1

.
KR(V) ,

[5] (Fig. 6)

KR(V) = KR0
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(

V

200

)3
]

(11)

. KR0

, V [m/s] .
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Fig. 6 Crack velocity dependence of resistance

3.4

, 2
. 2

, 2
4 Runge-Kutta .
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4.1 Norway 2009

Norway 2009 ,

Fig. 7 . West
780 mm

820 mm, East
565 mm

780 mm .
.

, DWTT(Drop Weight
Tearing Test)
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Fig. 7 Comparison of crack velocities (Norway 2009)

4.2 Kushiro 2009

Kushiro 2009 , G-2
. ,

102 MPa ,
[5] 300 MPa

√
m .

Fig. 8 .
South 330 mm,

North 220 mm ,
245 mm .

,
100 m/s
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Fig. 8 Comparison of crack velocities (Kushiro 2009)
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4.3 Kamaishi 1980

HLP 1980
API 5L-X70 [6]

. Table 3 , DWTT
.

,
Fig. 9, Fig. 10 Fig. 11

.
.

Table 3 Parameters for Kamaishi 1980
Gas Pressure Temp. OD Thickness YS

(MPa) (K) (mm) (mm) (MPa)

Air 12.0 280 1219.2 18.3 530

(a) t = 0.000 [s] (b) t = 0.050 [s]

(c) t = 0.100 [s] (d) t = 0.170 [s]
Fig. 9 Pipe deformation behavior (Kamaishi 1980)
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Fig. 10 Comparison of crack velocities (Kamaishi 1980)
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Fig. 11 Pressure decay (Kamaishi 1980)

4.4 Italy 2002

EPRG API 5L-X100
[7] .

Table 4 .

Fig. 12
. 170 m/s 40 m

,
,

.

Table 4 Parameters for Italy 2002

Gas Pressure Temp. OD Thickness YS

(MPa) (K) (mm) (mm) (MPa)

CH4 19.3 287 914.4 16.0 790
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Fig. 12 Comparison of crack velocities (Italy 2002)

4.5 Italy 2008

API 5L-X100
[8] .

Table 5 .
,

Italy
2008 .

Table 5 Parameters for Italy 2008

Gas Pressure Temp. OD Thickness YS

(MPa) (K) (mm) (mm) (MPa)

CH4 22.07 283 914.4 19.1 830
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Fig. 13 Comparison of crack velocities (Italy 2008)
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5

Table 6 ,

.

Table 6 Parameters for influence analyses

Gas Pressure Temp. OD YS DF

(MPa) (K) (mm) (MPa)

CH4 15.0 288 254 448 0.75
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Fig. 14 Effect of crack propagation resistance

5.2

(DF: Design Factor)
0.75 0.40

. ,
, .

,

.

0 1 2 3 4 5 6 7
0

100

200

300

400

500

Distance from pipe center HmL

C
ra
ck
v
el
o
ci
ty
Hm
�s
L

200 MPa m

400 MPa m

600 MPa m

800 MPa m

1000 MPa m

DF = 0.40

DF = 0.75

Fig. 15 Effect of design factor
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Fig. 16 Effect of pipe diameter
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Fig. 17 Effect of pressurizing medium (H2)
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Fig. 18 Effect of pressurizing medium (NG)
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Fig. 19 Effect of pressurizing medium (CO2)
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