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Demonstration of Crack Arrestability of X100 Line Pipe and

Development of Evaluation Technologies for Three-dimensional Fracture Process
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Abstract

It is said that crack arrestablity of the ultra high-strength line pipe (equal or above X100) is not
enough and use of the crack arrester is required in application to the gas transmission trunk line
of these line pipes. The authors carried out an X100 full-scale burst test using even toughness
arrangement based on the analyzed results by an originally developed simulation model. As a result,
among the full-scale burst tests using X100 line pies, clear crack arrest within a short distance on
both sides was observed for the first time in the world. The test has been successful in demonstrating
the crack arrestability of X100 line pipe. And, for the behavior of propagating shear fracture, the
evaluation technologies for three-dimensional fracture process were developed.
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Initial values
Ly, T,

Set initial value for
crack length and time

Set the mean crack velocity
to the gas decompression velocity, Vi

Calculte the crack tip pressure, P

Calculte instantaneous crack speed, Ve
if Ve=0 then stop as crack has arrested

Calculate the
crack velocity change
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_ _ Simulate the crack propagation
Lo AL T T AT ) S e it

M4 ZEEESILL—Y3>EFLOTO-—Fv— b
Flow chart of the simulation model for crack propagation

(a) Test result (lSL DemoPipe Test : X100, 36"OD, 16mmWT, 0.80SMYS)
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(b) Pipe toughness arrangement (Charpy V(J)) in test
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(c) Simulation of crack propagation for the test condition
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(d) Assumed pipe toughness arrangement (Charpy V(J))
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(e) Simulation for the assumed pipe toughness arrangement
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Effect of toughness arrangement on crack propagation
behavior
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(a) View from west to east side (c) Arrest on west side
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Photographs of test pipes after the NSSMC’s X100 full-

scale burst test

(a) Test result (NSSMC's X100 Test)
(22.07MPa(0.768SMYS), 9.7degC, Lean natural gas)
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(b) Pipe data (X100, 36"OD, 19.05SmmWT)

Pipe No.|710056/710065|710069(710064710059710061{710063|710062/710072,
Length(m)| 10.16] 10.14] 10.16| 10.14| 8.60] 10.15] 10.14] 10.13] 10.11
YS(MPa)| 806 | 823 | 798 | 802 | 823 | 840 | 832 | 780 | 808
TS(MPa)| 848 | 863 | 852 | 854 | 849 | 867 | 861 | 842 | 858

CVYN()| 283 | 282 | 281 | 279 | 278 | 283 | 285 | 287 | 290

(c) Simulated vs. measured crack propagation behavior
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Predicted vs. measured crack propagation behavior of the
NSSMC’s X100 full-scale burst test
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Measured result of pipe shape evolution during fracture
process
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Three-dimensional simulation of propagating shear fracture
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