21 SRR E S

RERRUBEBETIVENICL2BEARNS T4V
EIREM X RS - FLERRICH T 2ERFORETE
Assessment of Influencing Factors on Ductile Crack Propagation / Arrest
in High Pressure Gas Pipelines by Experimental and Numerical Model Analyses
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Fig. 1 Pipe setting4s48f 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
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Fig. 2 Pipe deformation of Norway 2009
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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 52 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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Fig. 5 Comparison of radial displacements
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Fig. 6 Crack velocity dependence of resistance
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Fig. 7 Comparison of crack velocities (Norway 2009)
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Fig. 8 Comparison of crack velocities (Kushiro 2009)
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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

t=0.000[s] t=0.050[s]

20 20
Distance from pipe center (m) Distance from pipe center (m)

(a) = 0.000[s] (b) £ = 0.050[s]

= 0.100[s]

= 0.170[s]
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20
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30 30

(¢)t=0.100[s] (d) £ = 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)
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Table 4 Parameters for Italy 2002
Gas  Pressure Temp. OD  Thickness YS
(MPa) (K) (mm) (mm) (MPa)

CH, 19.3 287 914.4 16.0 790
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Fig. 12 Comparison of crack velocities (Italy 2002)
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Table 5 Parameters for Italy 2008
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Fig. 13 Comparison of crack velocities (Italy 2008)
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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
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