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Evaluation of Shear Fracture Propagation Property and Influence
of Separation in High Strength Line Pipe
Eiji SUGIE, Masanori MATSUOKA, Toshiya ARIVAMA,
Hiroshi MIMURA, and Yoshio SuMITOMO
Synopsis :

High Strength Line Pipe Research Committee in the Iron and Steel Institute of Japan has conducted
five full scale burst tests with air pressure of 12.0 MPa on pipes of 48 in. in diameter and 0.720 in.
in wall thickness of API. grade X 70, made with both controlled rolled steels and quenched and
tempered steels. The arrestability of the pipes for the propagating shear fracture can be evaluated by
Charpy absorbed energy and is not influenced by the existence of separation. The critical Charpy
energy for arresting the shear fracture depends on the distance in which the crack should be arrested,
and this phenomenon is well explained by solving the equation which governs the change in the crack

velocity.

Under the present test condition, the critical Charpy energy is 180 J for the arrest within one

pipe length and 130 J for the arrest within two pipe length.
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Fig. 1. Schematic view of test line
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Table 1. Mechanical properties and configuration
of test pipes.

Test |Test CIP

No. 1('%m)p S3 | S21 S 3 | N Ni | Nz | N3
CR20[CR14]CR8 CIP5 QT9 |QT19/0T29

YS(MPa) | 528 | 500 | 529 6654 526 | 482 | —

TS(MPa) | 612 | 622 | 660 653 676 | 602 | —

Al +12icy (D) 202 [ 140 | 83 51 92 [ 188 | -
vsitimm) [0.13] 012 0.31 0.24 0 o| -

Ds (KJ) [7.05]7.92]5.23 2.65 451|882} —

Dp (KJ) |4.21]|5.12]3.69 2.07 3.16| 4.61| -
GR20[CR14|CR12 CiP5 CR11|CR17|CR27

YS(Mpa) | 497 | 510 | 505 545 6500 | 490 | 4886

TS(Mpa) | 602 | 663 | 656 649 618 | 612 | 601

Az |+ 3|cv () 196 | 139 | 119 45 108 | 169 | 275
vSiT{mm1) { 0.11]0.29 { 0.30 0.21 0.09]0.12] 0.03

Ds (KJ) |6.76]6.17[5.98 2.76 6.25| 9.09 [10.77

Dp (KJ) [4.21]3.85}3.79 2.27 420} 458/ 6.82
CR19|CR11|CR13 cIP5  |QT13|QT18|CR20

YS(MPa) | 575 | 564 | 492 528 498 | 548 | 513

TS(MPa) | 670 | 670 | 611 647 625 | 691 [ 630

Az |+ g|Ccv () 209 | 103 | 127 51 122 | 158 | 202
vSIt(mm') | 0.18]0.46{0.10 0.16 0 0|o0.10

Ds {(KJ) |5.12]4.43]|6.27 253 4.2417.58]8.82

Dp (KJ) |3.65|3.11]4.15 1.94 3.31]4.49] 4.66
cR17|cR13[cR13{CIP8 |CIP8 [CR16|/CR16{CR17

YS(MPa) — | 587 | 522 | 548 | 538 | 5o1 [ 514 | —

TS(MPa) — 671|635 | 671 | 676 | 610 | 617 | —

Bi |+ 6{Cv (V) —[126|124| 76 | 79 ] 155|156 | —
vSIT(mm-) — [o022]017}0.25]0.22]0.16]0.16| -

Ds (KJ) — [517]604]408]420]735]746] —

Dp (KJ) — [ 425}4.23|303|318][4.43|447| —
CR14[CR14[CR12]CIP10[cIP10[QT13|QT13|QT14

YS(MPa) — ] 492 | 568 | 505 | 536 | 531 | 530 | —

TS(MPa) — | 604 | 665 | 617 | 672 | 647 | 640 | —

Bz [ +12[cv (V) — [ 145 ] 118 93| 90 | 125120 | —
vSIT(mm 1) — lo0.14]0.28}0.15[0.24]0.08]|0.07| —

Ds (KJ) — [735}4.84|56.34|4.80|556|566| —

Dp (KJ) — | 427]3.39]343[332[420{402] -
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Fig. 3. Crack path and crack velocity.
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Fig. 4. Pressure decay during crack propagation

(test B2, N-side) Arrow mark indicates arrival of

crack tip at pressure transducer position.
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Photo. 3. Typical fracture cross sections of Charpy, DWTT,and]full scale tested pipe.
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Table 2. Crack velocity and crack tip pressure
at the terminal of test pipe.

s 2 [ s NS N oI [ N2
(/s )P/ POl s )P/ Poly if's )P/ Pol ntFs )P/ Pol s )P/ Pl atfs P/ Po
Al| 8 0.47(203 0.69|356 0.88]|328 0.84|187 0.68
A 2]132 0.53|170 0.61 {330 0.82|330 0.77)130 0.57| 67 0.43
A31172 0.50 ] II!t 0.54|340 — |332 — {175 0.64]|106 0.51
B I 128 0.54 ] 260 0.72|239 0.69 95 0.48
B2 106 0.471 184 0.63 219 0.68| 116 0.50
P/Po is calculated from the following equation
P/Po = (0.75540.245 Vm/360)5-0
Vm :average crack velocity from crack intiation point (m/s)
1.0
180/120/ 80 750
Cv=200J/ /140’ 100 —id’p

o

o L

~ —"] -

o i —— crack velocity curve
[ ——— decompression curve
T—S 3 S2 S1 ClP

0 ' 1
0 50 100 150 200 250 300 350 400
V m/s

Fig. 9. Schematic figure of the transition in crack
velocity and crack tip pressure (test Al, S side).
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Fig. 10. Relation between the change in notch

ductility value and the change in crack velocity

at the boundary of adjacent test pipes.
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