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Propagating Shear Fracture Test of Large Diameter Gas
Transmission Line Pipes for Arctic Grade

Eiji MrvosH1, Takahide TANAKA, Minoru FUKUDA,

Hiroshi TwaNAGA, and Tooru OKAZAWA

Synopsis:

So called separations are often observed on the surface of propagating shear fracture of line pipes for
arctic grade, which are made of severely controlled-rolled steel plates. In order to investigate the effects
of these separations on the propagating shear fracture bahavior, two series of tests were conducted. One
is the series of full scale burst tests of large diameter pipe lines (200 m in length) highly pressurrized by
natural gas (Athens Type Test). The other is the short length burst tests of large diameter pipes pressurrized
by a mixture of N, gas and water (West Jefferson Type Test). The latter series of tests was planned to
examine the effect of temperature on the propagating shear fracture behavior and to determine whether the
toughness parameter for the propagating shear fracture is temperature-dependent or not. The results
show that the separations have no influence on the propagating shear fracture speed and that the propagating
shear fracture behavior is strongly dependent on the test temperature. The fracture speed increased and
the absorbed energy decreased with lowering test temperatures. It is concluded that the toughness param-
eter for the propagating shear fracture should be temperature dependent and the intercept energy which
is independent of temperature cannot be an appropriate criterion for the toughness required to arrest pro—
pagating shear fracture.
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Photo. 1. Burst pipelines after the 2nd test.

{a) Propagating shear fracture
{a) (PSF)
(b) ( : (b) Ordinary shear fracfure

Fig. 1. Comparison of the macroscopic feature of
fracture surfaces between (a) PSF and (b)
ordinary shear fracture.
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Fig. 2. Schematic explanation on the change of
charpy transition curves with the degree
of controlled rolling.
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Fig. 3. A typical example suggesting a doubt on
Ci® values taken as toughness criterion.
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Fig. 4. Arrangement of Athens test site.
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Table 1. Chemical composition of pipes supplied to the Athens type test.

C Si Mn . P S Nb A% Al N
Max 0.11 0.33 1.39 0.014 0.007 0.030 0.09 0.028 0.0083
Min 0.11 0.29 1.26 0.012 0.005 0.015 0.06 0.025 0.0055

Table 2. Mechanical properties of the pipes supplied to the lst Athens type test.
(tested in Battell Memorial Institute)

Tensile test (API) Charpy test (Full size) B—DWT'E
Pipe 509, **

number | Yield stress | Tensil strength | Yield ratio | Elongation F?’?T vEo FATT

(kg/mm?) (kg/mm2) (%) (%) Q) (kgm) (°C)

. 125A 46.3 55.4 83.6 31.0 — 98 9.2 —74

East side* | 1938 |  56.6 64.4 88.0 27.0 —120 8.0 —62
. 91 56.8 62.9 90.4 33.0 — 45 9.7 —28

West side* | 13 47.8 57.8 82.8 41.0 — 55 | 114 23

* As shown in Fig. 6, cracks propagate both in east and west directions from origin.

side are tested at the same time under the same pressure condition.

#% 509 fracture appearance transition temperature by battelle drop weight tcar test.

Pipes arranged in the east side and in the west

Table 3. Mechanical properties of the pipes supplied to the 2nd Athens type test. (tested in BMI)

Tensile test (API) Charpy test (Full size) | B-DWTT
Pipe 505 50%
number | Yield stress | Tensile strength | Yield ratio | Elongation F A’I@T vEo FATT
(kg/mm?) (kg/mm?) (%) (%) (°C) (kgm) °C)
125B 45.2 55.3 81.8 34.5 —140 7.3 —82
West side 130B 415.4 55.6 81.8 31.5 —140 6.8 =77
111 47.2 56.2 84.0 34.5 — 53 6.5 —23
East side 110 48.2 57.4 84.0 35.0 — 48 6.8 —23
106 48.4 57.6 84.1 34.5 — 65 6.6 —38
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Table 4. Test conditions for both Athens

type tests.
Ist Test 2nd Test
Date Dec. 19, 1972 Feb. 8, 1973

Gas pressure 84 atm (1 220psi) (88 atm (1 290psi)

722 of 769 of
Hoop stress level 45.7kg /mm? 45.7kg /mm?
Test temperature +8°G +6°C
West Burst origin Eost

e [ roo 1o T3 [ Esideed st et mal @ lare] &

Reservoir—=— Test pipes showing few - Test pipes showing
separations remorkable seporotion:

31 26 23 31 CL9I3101011101516
40 36 43 34 1421 1313161615 18
52 50 49 47 €, 3437383840383932

. +«Reservoir

Fig. 5. Pipe arrangement, fracture path and charpy
values of the Ist test. (2/3 subsize charpy
values are represented in ft-lb unit)

West East

? N l 108 I 18 ](g\ﬁ&ﬂm‘lzsslnzgslﬂﬂlz»A|lwAlA{;
]

Burst origi T . .
Reservoir »}4— Test pipes showing few SEpOruIionS‘—%* est pipes showing <-4-‘—Reservoir

remarkable separations
26 29 25 24Ci 21 13171110153
36 30 27 22 G’ 25 202018 17 17 27

46 30 29 25(C) 28 303! 29353950
Fig. 6. Pipe arrangement, fracture path and charpy

values of the 2nd test. (charpy values as
Fig. 5)
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5. West Jefferson Type & aiSEs5R
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240
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O—— 2nd rest west side
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Fracture speed (m/sec)

\h
A
1 i L * )

1 |
3 6 9 12 15 18
Distance from origin (m)

Fig. 7. Measured fracture’speed]in?Athens type tests,

[ Pipe 91 Propagating portion ™

(2) Pipees with a few separations
(b) Pipes with remarkable separations

Photo. 3. Appearances of fracture surfaces of
burst pipes.
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Water pres-
sure pump

Pressure gage m
ynchro
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HIFEHE S N7 BB O ORI RIS 2 BET LT,
REDHERFZ XD 27 MBI L~ 2 L ERHC
BIL T, —42~475°C F5{BEES A&, %/, —o 4
Y DL VT, 0, +90°C o 2 {8 2 &4

Photo. 4. An example of fractured pipe specimen
by West Jefferson type test.

Material N v,
«~——3000mm—{ N, gas Water 3
200 -
Fig. 8. Schematic diagram of West Jefferson type
test procedures.
3
— 25—600'_ “TN]g 6WTT L Hemm mm o m - o L~ E
- I= - Pioe b NG
UIE\ 2015001 i %-g.zv charpy tesi e ur:” 7.65' e b g
= = . /%3/10‘ a 100
Z 15 | 400 [~ E — /:, . ®
g - :ZJ’ E e /))/3 § TemperoLZre._ Site. Pressure
B Ty . - o— +90 South side ke
§ IO~EOO i g L), _p—a * 0— +90C North sgde} 220 e
5 s g s :-- 0T Sauth s!de}zoeww
2 00l & ';J/“ A e -- 0T North side |
~ K&/’ﬁ’” o
Lo e M S el N T~ Y NN NN N 0 L L 1 1 | 1
-140-120-100-80-60-40 -20 O 20 40 &0 80 150 300 450 600 750 900
Testing temperature (°C) Distance from_notch center {mm)
Fig. 9. Transition curves of charpy and B-DWTT Fig. 10. Examples of measured fracture speed in
absorbed energies for both meterials. West Jefferson type test.
Table 5. Chemical composition of supplied pipes to the short length burst tests.
Mark | Separation C S Mn P S Cu Ni Nb A% Al
N A few 0.11 0.34 1.24 0.018 | 0.003| 0.33 6.20 0.022 1 0.10 0.038
S Remarkable| 0.12 0.34 1.22 0.018} 0.003 | 0.33 0.20 0.022 | 0.10 0.038
Table 6. Mechanical properties of pipes for short length burst tests.
Tensile test (API) Charpy test (Full size) B—Is)OV\/ITT
Test %
pipes Yield stress | Tensile strength | Yield ratio Elongation F?A?’iéT vEo Cy100 F‘:\TT
(kg/mm?2) (kg/mm?) (%) (%) °C) (kgm) (kgm) °C)
N 52.7 64.5 81.7 35.6 — 57 10.0 8.0 —27
S 52.8 64.3 82.1 34.7 —113 10.0 3.9 =355
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Table 7. Test results of West Jefferson type test.

i
Test absorbed energy | Charpy absorbed! Fracture Fracture str Mean crack
Material temperature DWTT energy pressure ?k u/ci':z) €ss speed v
°C) (kgm) (kgm) (kg/cm?) & (m/sec)
N 90 575 14.2 220 51.7 150
0 440 10.3 208 48.9 201
75 525 13.4 209 49.2 155
13 423 10.9 218 51.3 211
S 0 433 10.3 217 51.0 204
—32 327 8.6 230 54.1 224
—42 280 8.1 237 55.7 243
250 - 250 | gasor
m S P
4 & N -40%
E S 2 *
[N In :,-’- e e ————
B ¢ 200} * ot =
'g, 200 I § 200 E 200
% % ® Material S f::
g ® Material S & o Materiol N 2
p o Material N s 3 . +80°%C
8 £ 150 1so T T T TTTTTTTTT Ch
= I1s0} ! ! 1 1 i 1
1 1 1 ! 8 10 12 14 4 6 8
-40 0 40 80 C, value {kg-m) C¥ value (kg-m)
Test femperature (°C) {a) 7 vs CI (b) 7 vs C™

Fig. 11. Mean fracture speed in relation to the
test temperature.
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Fig. 12. Mean fracture speed in relation to the
two types of charpy values.
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Table 8. Measured plastic deformation energy of Athens type test.

Pipe Fractur Plastic deformation energy Tdhic:t]fnesst
P M ial Porti | Number of s celélc : ref;fc;ﬁ:'lea
N ateria ortion separations b Per unit length | Per unit area £
o . (m/sec) k k 2 surface
(kgm /cm) (kgm/cm?) (%)
194 B Remarkable Propagating part 4.4 230 48.3 30.2 21.8
separations Just before arrest 4.4 — 56.4 35.3 93.3
91 A few Propagating part 1.2 212 45.0 28.1 20.3
Separations | yust before arrest 1.2 120 52.3 32.8 21.0
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