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Study on the Propagating Shear Fracture of Line Pipes by the

Partial-gas Burst Test

Yoshiaki KAWAGUCHI, Masatoshi TSUKAMOTO, Yoshio SUMITOMO

Izumi TAKEUCHI, Akira YAMASHITA, and Yoshihiro NARA

Synopsis:

In order to evaluate the crack arrestability of line pipes to the propagating shear fracture, the partial-
gas burst test was carried out on many line pipes of varied notch ductility, sizes and test conditions.
A method to estimate the fracture energy of test pipes was established and the required notch ductility
to line pipes against the propagating shear fracture of actual pipelines was introduced.
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Table 1. Materials of pipes for the partial-gas
burst test.

&

Diamster |Thickness a5

Test No| Grade | Process D ineh)| 1 (mm) (kgf;mf"l (kgf/:nmz
| West{ X-70 QT 30 16,5 49.2 617

Eos t - CR - - ’ 51.2 66.7
2 |wWast . . - . 49.4 65.3
3 [west{ X-65 CR - . 46.3 64.2
4 |[East{ X-60| LTCR a . 43.2 59.8
5 [West * . . . 43.5 59.6
6 Eas1| X-70 CR - . 51.9 632

west - . . + SI1.0 €4.4
7 East . . . . 51.9 6 3.2

West . . . . 510 64.4
8 East » QT » 4 586.5 673

West| X-65 CR . . 46,9 59.7

East . B . 4 6.9 59.7
9 west| X-70 QT “ . 5 8.0 69.6

East > CR . 5.9 6 3.2
10 West . N 5 L9 63.2

East . . . . 51,0 64.4
' Twest . f ) . 51.0] 644
12 East| X-70 | LTCR 30 ) 5.8 $59.1 677

West . * ¢ * ‘574 66.7

East - s 48 158 56. | 6 7.6
'3 lwest| . : . . 53.9] 660
14 Eost . . 56 | 58 54.6 65.1

Was| . B . . 55.3 65.6
5 |East| X-80 . 56 | 200 620 718

Waest . . * » 62.6 71.8

Nitrogen(Vt)
2N\ eV
i é V2
Hydraulic pressure pump * water(Va) fnroe:is;:;e

Nitrogen gas
= Gas reservoir pipe

9pge

Fig. 1. Arrangement of the partial-gas burst test.
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Fig. 2. Specimen configuration of the partial-gas
burst test. -
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Fig. 3. Measurements of the fractured pipe.
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Photo. 1. Burst instance of the partial-gas burst
test. :
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Table 2. Test conditions and results of the partial-
gas burst test. ’

Test No. P "FFS"’"" t:m Fruc:ue:‘eqm Angle bmlrm'lex
(kgtrcnf] ¥ (%) | T(°C)| C{mm) |B(degree]S.{mnr’)
| |west| 165| 13| 25 |2605 [189]| —
, |Eostjt8o| - -7 {3415 |180]| —
west| - . |-28 13330 | 188 —
3 |west| 171 . 32 4200 [ 151 —
4 |East| 167 . 39 | 3445 | 17.2] —
5 |west|173]| - 3| 2500 |19.8]| —
East| 178 15 5 2200 {21.5]| 014
€ West| - . . |2620 | 202 |al9
East] 174 { ag [ 1750 [ 260 ] 0.09
7 west| - . . 2200 | 225} 015
Eost| 180 | ¢ 12 1550 | 25.6 | a0l
& I'west| - . 1660 | 25.6 | 0.17
Eost{ 170]| 38 | 1875 | 235|012
% [west]| - . . 1840 |23a o
o |Eostliss| - 40 | 1765 |-25.1 ]| 0.1
West| + « |. - {1730 | 258|014
East| 167 42 | 2445 | 206 | 015
o Twest| - . . | 2560 |19.9 ]| 0l6
12 €ast|{ 194 | 10 | 25 | 2135 | 26.2 | 0.27
west| - - 2045 [24.1 ]| 017
'3 East| 136 . 38 |4.160 [19.1]019
West| - . - |-4a34s |18.7] 0116
14 |East] 93 5 | 45 |2825 {216 | 016
West| . . 2825 |21 ]0.16
East| 160 | - 0o [4075 [17.3] 029
'S Iwest]| . 24325 |17.1] 031

|
i

Photo. 2. Fractured specimen of the partial-gas
burst test.
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Fig. 4. An example of the measurements of the

crack velocity.
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Fig. 5. An example of the measurements of the
pressure change.
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Fig. 6. Relation between the pressure decay of
the crack front and the crack length.
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Fig. 7. An example of the measurements of the
strain change.
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Fig. 8. An estimation of the strain distribution
ahead the propagating crack.
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Fig. 9. Dimensions to estimate the fracture energy
of pipes in the partial-gas burst test.
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Fig. 10. Gas pressure distribution behind the crack
to estimate the external work of the gas pressure.

Table 3. Fracture energy E; and notch ductil-
ities of the pipes tested.

Test No. |SVT nw*rtruvm'r P,m’| Eq
" |(xgt-m) [ egt-m) | (kgt=-m) Kicgt Zerdi(igt-m Amm
| Jwest | 8.2 | 550 320 |45.8] 21.8
, [East [ 6.6 [a20] 250 408 177
West | 6.8 | 410| 250|416 | 18,9
3 |west | 6.2 | 380| 240329 1.7
4 |East | 6.6 | 380| 280|376 | 15.4
S |west (156 | 460] 320 |a9.4 | 252
¢ [Eost{i9.0 70440 556 353
West | 10.0 | 490 320 |492 | 24.9
, |Eest[21.6 [760[ 480633 429
West [ 1 1.4 $20| 330 [ 544 32.9
s |Eo2t]21.8 | 820|440 706 485
West | 21,9 | 795 440 |67.7 | 467
o |Eost[24.2 | 820 500 [89.1 ] 378
West |21.6 | 830 485 [59.9 | 37.|
Eost |21.2 | 750] 470 |57.5 | 37.7
'0 I'west [21.2 | 750] 470|582 | 390
East | 11.2 | 510] 330|485 | 269
' Twest {1 1.2 | 510] 330 |46.9 | 252
|2 |91 [18.0 | 650] 328 629 | 34.0
West | 15.0 | 650 363 |64.8 | 334
13 [Eost [16.0 666 436 [264 | 293
West | 16.0 | 897|410 (255 | 27.9
Eost [15.0 | 602|425 244 | 287
' I'west [15.0 | 557 385 | 244 | 28.0
s [Eost [12.0 [640] 399314 | 286
West |12.0 | 640 399|300 ] 265
— 5, EERH D X W BB T 4413(6)K
DEHTH5.
4A=X'Dtan § ~(6)
(3), (5), (6)EXmorm Aot (7 ko
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—ELT(HARTKRDLIS.

1 D
Edzfn(;p(] __ZE> ( 9)

ZZWI F:7v—RbrA (=(gy+ou)/2)
oy [BRIGT (kgf/mm?)
ut R E  (kgf/mm?)
D : giEE (m) ¢ @WENRE (nm)
R: OBEEIEREF L oo EE
£ (=0.675 D)
(2)KRwe(7), (8), (9)RN&RALT, BHEROH
BRI = F ¥ — Ef %3R3 &L (100X B Hbh5.

1 1 D
Ep= 3PfD21/ 7y V'tan 8 B wat <1 —g) (10)

Table 31 (10)KNCHE L7z E: {E%XRT. ZD Eg
B RBREMCEEI Ry, W8 OB EEM R EEE
FILEROREETH S LIRS, B {E/ R
BER RN,

Fig. 11 &, Table 3 fEHE 6, BRBEECO Y 4+
A —FIR =¥ — CVT RRABEOHE (CVT=
12~16 kgf-m) % FE, REETHLATWBHEIHRIKX
BEHH & Ee v X BEHE & RIS, AR, F
2%, PIEDN B »REBEEHUREINRLY, R

50 £4 - -EPfDZ,f_/imp —ﬁﬁl-— 7]
i 3
| o o %
- CVT=12~16kgf—m

Fracture energy, E¢(kgf-m/nm)

¢ =5Tkgt /mm2

5
/
T 0 /, 5 -a2xqt /mm2
E af /mm
s L4
£
‘g. L
@ (0 tinitiation stress)
s |
|4 O 1 1 i
© o 30" 48" 56"
Pipe diameter,D
Fig. 11. Fracture energy E; independent of test

conditions and pipe size provided that the notch
ductility is similar.
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Fig. 12. Correlation between the fracture energy
E¢ and the Charpy energy.
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Fig. 13. Correlation between the fracture energy
E; and the DWTT energy.

BRGMEN R AP IL 2D X 5 e N BTk o M5
WX X HEETHLZ EMbhD. —JF Ef i X b Bkl
THERE—ED Ef %R L, 2T Er i3FBHEE
EThdrEELLRD., O LT, LT R<54
W Ep LTEMRBRTEL LTHVLRS, SENER
BREREOMEBE» O 505 2 ENTES.

Fig. 123 CVT & Ef ¢(OBFERRT. v v A —
ECIIREDEY S B0 T, BRI -BRILEmER
J& t=16mm B CEILT5 BAFTHbH. Fig. 13 1
DWTT WUV = 5 L¥ -k Ef FOBFEYRT. Ef &
DWTT BV =% 1% — Lidfxd BULHBEAERRL, (11)
RCRT LA TES. XL Er OBRIL kgl-m/
mm, DWTT KUY = & ¥ — DEA3 kgf-m THho.
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Fig. 14. Correlation between the fracture energy
E; and the pre-cracked DWTT energy.
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Fig. 15. Correlation“between the crack opening
angle B and the fracture stress at the arrested
crack front in the case of the partial-gas burst
test without the backfill.
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LN 5 A ¥ — B 13, BiGO nBE BaEEc
L E LT D/2R=0.737 THH T & &, Bifir % kgf-
m/mm TET I EhLANKNTRDLRS.
Eq=0.000413G2 ---ceevoeveemvenienennannnnen (17)
(14), (16), (INA» b, HWHEOEELE /o v &
(A)Rx 4, B 2EHE LTUY KX TERINS.

- 2
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Fig. 16. Determination of the constants A and B
from the complete-gas burst test with the backfill.

AISI? = DWTT EROMOLN T BT —20355D
<, (IDF&HCTDWTT RN =5 ¥ -5 Er %
HEL, BEEE v LT EE0ORHAS 4, B 23R
5.
(I8)KEZ(INKRD LHCAERLT 7F—x  BHL,
Fig. 16 %#18%.
‘&%Oﬂgﬁmaﬂ>A ;25_
o1
Fig. 16 wrT X 5 iBZED D L EFIL 22T 5 & ¥
WEh A BERORE N LAY, WEHOLELLBAEKD
5., =D A, B AHAGCCHEOERE LB\ 4 (20)
RTHELDBRS.

- 2
Ef>0.08Dta\/—0_——30D<—({—> —0.000413512--- (20)
g ag

B e (19)

oy H AR — A FRBETHAEWEERZ, THEHR
Bk X 0 BB OERBEIE 2 FIN Ui il bigue.

(AN REHANT Ef % DWTT BRI = F —1iE &
Bz b ECHADBSLLRS. ‘

DWTT energy (kgf-m) > 16.7{0 .08 Dto 4\/ %

—BOD(%){—QOWM136ﬁ+6} ------------ 1)
F )

DWTT B2 ¥ — ¢ CVT L DBFIT - v —
Vo vOBERERLTESELRIDTRD bh T
B, SR VRETD -V — ¥ VIR, @EE
0.2mm-! BETHH ZOFEL NI\ (10% LD
DT, AV — 5 YOBELCH I BT (22) KAHKIL
FE LA IeRD. 1R LCOVT DB kgf-m T 5.

DWTT energy (kgf-m) = (0.432t1.5x Full-size
JCVT+72¢
0.7941.5 x 2/3-size
CVT+7.2
e (22)

— 101 —



996 #% & i

% 68 4 (1982) 18 =

92 data from AIS] 4
{o Arrest
& Propogate
— [+
o]
Iiof o -
2 o
~ Arrest Zone
- . .
Z o © o/ %<
.2_,’ sk 2 4 *0 oa B
@ @ * @ . Propagate Zone
S o ..\ . 3
.o *% .
0 1 1
° 5 10 (kgt-m) '3

&5 {oosote {Z-3001&-F- 000041351043 1 +6)

Fig. 17. Examination of the required notch duc-
tility of this paper by the complete-gas burst test
data,

(21), (22)Kps HEEER R AT 1L S 2 eI
Wiy o M E—RIN = F AF —132(23), CHEXTEHEL S
ha.

. 39 @
Full-size CVT (kgf-m) >—7-{0.08 Dtg \/7‘_.
—301)(2__)2—0.0004135:2—0.43t+6}---(23)

g

{0.081):0\/%

_301)(_‘{)2—0.004130te—0.43c+6} e (249)
[

2/3-sizeCVT (kgf-m) >

21
£1.5

AISE) @ Xy, 27 4 B Y DFBED &7 — 22
TZhOORBAXRIETSH. AISI 0 F— 2Tt 2/3
-size CVT »HbHRTWABDT, CHREZH 5 &
Fig. 17 #f8 bh 5. KOO EREOY) H K &
EpE{E, Bl (24) Ko HRDICERY Y K EER(ET
BB b, 45° OER LY LOWAHIBEIMEILET BT
FTOHEE, TOWHIEET IR TOERTHS. 45°
DOEHIYD Lo Arrest Zone H BRI 4 F— 2D
M, HEao 2/3-CVT OXEW3 7 — 5 11 ERREF
THBDT 2/3-CVT HREFWIZd 2did b St
HIEENEE LIcb D EEXL BRD. 2/3-CVT 7
PENT = ZEOWTEEFMPH O TV AU B0 F
OFEEE Ex Dh5b. 45° O EE X v FD Propagate
Zone WIZAMNLEA 12 F—s55. 2D 5 bHIXIEH
By (BLEYH R EEEE) 7.4 kef-m, ff#Eh (2/3 CVT
f@) 5.5kgf-m »F — #% AISI D No. 37 DF— T
BHBHH, RBREOMEKT 2/3-CVT BEIXLDENH
B. ik XEUE L& it AISI D/AFFE 5.5 kgf-m

I hxlh k& 6.7kgf-m ChHYH, ZoOEZLEY)
h R EFEMARDK 91% with. TofhdF — 2 DFEM
B HAT I, Mk 2/3-CVT {fHoud boXit
BhDEELBRS. FEL Er ¥ DWTT Bl = %
F— DWTT BN =HAF — ¢ v 4 L€ —BIT= 50
F— L OBFRE AT Er 2 bAEY) b R S FEM(EE R
Dl EEHBRTIE, BEYH R EEHRED 60% L
TCHRWENELTS L5 RLMUOFHE & /s B HE D
3F—sBHBNLHORNZA 9 27 4 1DBHBEH AN
— A+ OBHEY) R EFIEWAEA GERLAUCFHIIT© X 5
b EEZ BB, EOT20), (21), (23), @HR
XTS5 1 v THOBEESBSEEEAEIET 5 7
DICHE L IRDIMEOPERIN = 3 v ¥ —H B\ 1Y)
DR EEMEZRD D ENTEB EEXDRS.

5. & =

oy Hr ABE - — & iR 18 S HERTFRIC
HDONTER LKROEREE .

(1) #MopHrAr =2 rRBILT A w31 FOEHEIE
BRI BT 5 MR O BSERI = & ¥ — & T
THEIRRETH S, ORI = F ¥ —it,
PESBEET), HrAaklh, EFWRE, FWUMoMA WEER,
MERE, FEOBRIET, SRS 2 ATt
5.
(2) Ry 274 NDHABENADT A Vo34 T
BB OB = 3 A ¥ — % LU b R X IEH,
o= g VHAGEBEMCKRELS RV R YRR THE L
Lhs.

E¢ (kgf-m/mm) >0.08Dtq \/ 230D (%)2
—0.0004135¢2

DWTT energy(kgf-m)>16. 7{0.08[»0 \/ Z
—aop(i_)’-o.ooouamus}
g

Full-sizeCVT (kgt-m) > %{o .08 Dto \/ %

2
—300(1_) ~O.0004135t2—0.43t+6}

g
2/3-sizeCVT (kgf-m) >%{0 .08 Dta\/ .Z__
g
g
coie D:@EERE (m)

: EHRE (mm)

F BERG) (kgf/mm?)
:7e—A LA (=(cyt+au)/2)

2
—301)( )-0.0004135:2-0.43;%}

Q o~

Y]

— 102 —



oy F AN A FVRBRICED T4 VAT OEHRERBBEOMA

997

gy : BARIGT (kgf/mm?)
o BlEEMWX (kgf/mm?)

BhhAFRORELHTEINE LERKSELTE
BRES R AR PR B AR e T R kgL, REIPT
BRRIBEL, ARl OERSE LT

1)

2)

3)

4)

5)

6)
7)

X [

W. A. Maxgy: 5th Symposium on Line Pipe
Research, American Gas Association (1974),
J-1

Runing Shear Fractures in Line Pipe Subco-
mmittee Summary Report, AISI Committee of
Large Diameter Line Pipe Producers, (1974)
W. A. Poynrton: Symposium on Crack Prop-
agation in Pipelines, Inst. Gas Eng., London
(1974), Paper 14

J. A. Dick, P. M. JAMIESON, and E. F.
WaLKER: [a] k., Paper 15

A Theoretical Model for Crack Propagation
and Arrest in Pressurized Pipelines, AGA
Pipeline Research Committee, (1978)

mE %E: EEGE 15 (1977), p. 225

F. BoNomo, M. BrRaMANTE, G. ALPA, E.

8)

9)

10)

11)

12)

Bozzo, A. Morini, and 4. Pozyr:
International Conference on Analytical and
Experimental Fracture Mechanics, Rome
(1980)

R. J. EiBer: 4th Symposium on Line Pipe
Research, American Gas Association (1969),
I-1

A. K. SHOEMAKER, R. F. McCARTNEY: Journal
of Engineering Materials and Technology,
Trans. ASME, 96 (1974), p. 318

Y. Nara, N. Nozaki, I. TakeucH1, M. FUKUDA,
and K. Koca: Study on the Resistivility of
Various Types of Steels Against Propagating
Shear Fracture by Modified West Jefferson
Type Burst Test, 78-PVP-71, (1981) [ASME
Publication]

G. M. Auiper: Gas Discharge Through
Propagating Ductile Fractures in High-Press-
ure Pipelines, Research Report, Dep. Mech,
Eng., University of Edinburgh, (1974)

N. Nozaki, K. Bessyo, Y. Sumrromo, 1.
TakeucHl, and 4. YAMAsHITA: Sumitomo

Search, 26 (1981)

— 103 —



