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Analysis of Blasting Failure of Submarine Composite Defective Pipeline
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Abstract: Submarine pipelines are important part of the offshore oil and gas gathering, transportation, storage and
transportation system. During their service, internal and external corrosion defects will inevitably occur due to the ma-
rine environment and transportation medium, and they often do not appear in a single form. In the high-pressure envi-
ronment, corrosion defect pipelines are prone to burst failure, so it is particularly important to study the burst failure
mechanism of internal and external composite corrosion defect pipelines. The finite element method verified by experi-
mental data is used to analyze the influence of different corrosion defect forms on pipeline blasting failure under internal
and external pressure differential loads. The results show that the critical burst pressure of the defective pipelines of
five different type materials, namely API-5L-X52, API-5L-X60, API-5L-X65, API-5L-X70 and API-5L-X80, gradu-
ally decreases with the increase of the defect depth and defect length of the pipelines. The defect angle and defect
width have no significant contribution to the critical bursting pressure of the defective pipeline, and the X52 pipeline is
the most sensitive to the change of defect scale. The burst pressure of the internal and external composite defect pipes
is mostly between a single external defect and a single internal defect. The order of critical burst pressure for the three
>P >P,

different types of defects is as follows: P inside -
sure of the composite defect and the ratio of the depth of the external defect to the internal defect, and a negative corre-

There is a positive correlation between the burst pres-

outside composite

lation with the ratio of the length of the internal defect to the external defect. With the increase of axial and circumfer-
ential spacing of internal and external corrosion defects in composite corrosion defects, the bearing capacity of compos-
ite defect pipelines increases.
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Wk 16 Fron, =AML RRER AR 1A, RA R
IR I R T g B R TR 1Y o T A AR
(dy +dy) o PYBRFEAITRIE S SMBRBE 1 TR L EE R R A1
TR o

1S S 15310
150F 15.190
14.5}F
. s 14.239
14.0 o 14.110
£
= 135}
= 13.0F
125}
me 12.0
B sk 11,635
8 A A 11.378
1ol - d;+d,=3 mm
—e—d,+d,=5 mm
10.5¢ —— d,+d,=7 mm
10.0 . :

02 03 04 05 06 07 0.8 0.9 1.0 1.1
d,\/d,

E 16 £ AERMEAYR E L EXHREE NI

S5 TR 5 T A T Bk B TR LU B A 3 08 1
ARALIRIE AN 3R 6 Fs , 3R 6 ATl Bl &2 4 e
AR BE LU B AN BTG K, AN [ e g S I B 1Y) 52 5 e P
BT (PR R D (R R A 34 S BT 1) 3 ka4 Bk
B TR R 3 mm [ 52 A5 BB A T B R I I 7 Y e
KA NE(E A 0. 658% , BfE SR 5 mm (54
SRR A T 9 0 R ) 1) e RS M A 0. 851%
BRBE SR EE A 7 mm (155 5 G B T R R R T 1)
BRI KIRE A 1.169%

6 HARMEEIE D RREIRERELER
RRE N IR
SR MR AMNRIGIREE INBRIATREE REEH JRRCIED) RS

d/mm d,/mm dy/mm d,/d, P/MPa /%
3 0.60 2.40 0.25 15.200  0.000
3 0.86 2.14 0.40 15.190 -0.066
3 1.06 1.94 0.55 15.230  0.197
3 1.24 1.76 0.70 15.250  0.329
3 1.38 1.62 0.85 15.280 0.526
3 1.50 1.50 1.00 15.300 0.658
5 1.00 4.00 0.25 14.100  0.000
5 1.43 3.57 0.40 14.130 0.213
5 1.77 3.23 0.55 14.150  0.355
5 2.06 2.94 0.70 14.120  0.142
5 2.30 2.70 0.85 14.160  0.426
5 2.50 2.50 1.00 14.220  0.851
7 1.40 5.60 0.25 11.380  0.000
7 2.00 5.00 0.40 11.386  0.053
7 2.48 4.52 0.55 11.450 0.615
7 2.88 4.12 0.70 11.490  0.967
7 3.22 3.78 0.85 11.513  1.169
7 3.50 3.50 1.00 11.578 1.740

4.2.3  BRFGRIELICAT E A F HERAUR A 09 h

A A BRI B4 K B L D X R B0 1 g ) 5 g A ]
17 B, m P 17 ap o, 524 BRI A9 1 58 L4 Ak
BERYBREE L £, MINBRIG SERIG R E [, Z . &
A RBEE TE I i S AR BB T B L/, AL PR 1 DR T
BB/ o 2 PTAMBR I 1< JRE RN SR I 4 T 1) L {EDH R A1
A BRI R R T

16.0
£ 155} ‘\'so_/.\‘
2
e
=
B 15.0
——/,+/,=100 mm
——/+1,=200 mm
—4— [ +1,=300 mm
14.5

02 03 04 05 06 07 08 09
L/l

17 S & ERIEAKE LLEXTREE B #200

S A5 R A T A T Bk B 4 B LU AR 43 8 1
IGRIEEANER 7 Fon , 1k 7 a0, W& 525 ik G
(R RE PO AR 0N , AN ] 5k A B 7 8 B ) )
R 2K P, B IR 100 mm ()
I A R T T R B R ) 1) e KRB R 0. 379%
BB B R 200 mm {15245 B 6 A 1) R 0
[R5 KIEH A 0. 714% |, Gk G BE D 300 mm [ 5
B B B T R ) 1 B R MR AELA 0. 922%
4.2.4 BRFaARATAL E X A TG B IR AR J 89

EAC)

R TRV A BB v P AR P AR X o7 X
B TERRI 2 m , AE 525 T v i N R e
[ 1), T A SRS R 1) 4/t o T LA 45 3 1 i )
ERZNE AR 25 P o I N 73 R TN O 1 S
S, =0 B, RN SMRFETE 2 E S,

S5 BB R P A1k [ 1% Bty o 1] B 0T 47 R
FEJTRsZ ANl 18 FroR , B &l 18 "1, N APk
56 4 1S N Y 52 4 i B 1 I SRR R I B/ N TN
SMERFA S A TRIEE (S, > 0) 19 54 BB 1Y i SR %
J1o WIF BRI J1 228 0.45 MPa, fififs S,
(RGN, 52 A5 R F A P L AIMBRSER 174l ] ) B XSS e
& J7 ()5 R R BRI, 3 S, > 110 mm B & 4565k
P TE IR e THE A

I A5 TR 5 A () Bt ) ] B ) Rl g ) 1
KIEfEanFR 8 s, 3R 8 A, B & & 45 BB 1Y
DAL AR ) Bt ] [ B )34 K, B2 SR 7 T AR
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Fe AR oG S B RS R A A BE S B TS PN SIMBIRBE ) B 16 TR] B 59 AN W7 3 O, 5245 BB P 1Y
REo S R B T IR B N M SR ORIE A O A HMBRIE ER ) [R] B B Gk A T )RR T )
2.902% , LIk A BB Al el (] S, = 110 mm,, HYRZELREBOR /N, 25 S, > 90 mm [, 524 BREGE IH

A - NN = =
£ AR th R F BRI b R IR T LA E
BREE R KIRE 8 EAHRNGEIE T R E 5 ) B AR AR IE ) Bt K R (E
Bepa R AMNBA K NEEKE R BRI SV e e IR . -
I/mm ll/mm lz/mm It P/MPa /% ﬁkﬁébﬁ; fﬁ}%ﬁé L\E @%K/E:]EE E"Jiﬂi[’lﬂl‘ﬁlﬂﬁ J:g@[(}j_i‘jj mﬂiﬁ
/mm /mm /mm S, /mm P/MPa /%
100 20.00 80.00 0.25 15.89  0.252 !
d, =0.81 [, =50 ¢ =50
100 28.57 71.43 0.40 15.91 0.379 ! ! !
d, =0.81 [, =50 ¢, =50 0 15.850.000
100 35.48 64.52 0.55 15.87  0.126
d, =0.81 [, =50 ¢ =50 0 586 0.063
100 41.18 58.82 0.70 15.85  0.000 4, =0.81 L =50 ¢ =50 . .
100 45.95 54.05 0.85 15.82  -0.189 4 =0.81 I, =50 ¢ =50
100 50.00 50.00 1.00 15.85  0.000 d, =081 I, =50 ¢ =50 20 1591 0.379
200 40.00 160. 00 0.25 15.52  0.714 d, =0.81 I, =50 ¢ =50 . 50 040
200 57.14 142. 86 0.40 15.44  0.195 dy =0.81 [, =50 ¢ =50 ' '
d, =0.81 [, =50 ¢ =50
200 70.97 129.03 0.55 15.43  0.130 d] o z] - 2 - 0 1508 0.820
200 82.35 117.65 0.70 15.44 0.195 L 2" 2=
d, =0.81 [, =50 ¢ =50
200 91.89 108. 11 0.85 15.40 -0.065 ! ! !
4 =08 L =50 ¢ =50 50 16.13  1.767
200 100. 00 100. 00 1.00 15.41  0.000
di =081 L =300 =500 16.19  2.145
300 60. 00 240.00 0.25 15.32  0.922 4, =0.81 L =50 ¢ =50 . .
300 85.71 214.29 0.40 15.27  0.593 4 =081 L =50 ¢ =50
300 106.45  193.55  0.55  15.21  0.198 d =081 L =50 =50 0 16.22 2334
300 123.53 176. 47 0.70 15.19  0.066 d, =0.81 I, =50 ¢ =50 1o 631 200
300 137.84 162.16 0.85 15.17 -0.066 dy =0.81 [, =50 ¢ =50 ' '
300 150. 00 150. 00 1.00 15.18  0.000 dy =081 [ =50 ¢ =50
4 =08 L =50 c =50 130 16.30  2.839
di =081 L =300 =300 g 16.30  2.839
17.0 o d, =0.81 [, =50 ¢, =50 : '
di= 081l =30 =50, 16.28  2.713
dy =0.81 [, =50 ¢, =50 : ‘
&
_\% 17.0 9;0
b 1557 =S
=
B 150}
£
145+ E
R
14.0 L L ! ! ! L L I L | =l
0 20 40 60 80 100 120 140 160 180 =
e 5 50 17 1) P /mm 150t
18  EATRIERI A SR A A4 5] 18] BE X 14.5
EEIRTEE R P R S
) 20 40 60 80 100 120 140 160
S, A AET R MG TR AR, Y Gk B R ) B/ mm
S, =0, FRKHIE ARG MG O E S 19 £ &ERMEHEI A SMR AR ER [ 8 BE Xt
525 B I PR AIMBIE P A [ ) B X 4 T AR R E SRR
5 3:=A1 X N X 5] G A ER i . — N N
FEJ USRI 19 ion , b 19 AT, S ke S 2 I R R B A 1 9

FY PN HIBRIE 5E 42 T B BN Y I PR ST RN T kmitnge 9 Fiok, e 9 Al B2 N ANEEG 1Y
FATRIBE L B I SRR IR P g R 1k, 4 B S 0 A ) 1 B
ZHIRRIZEE A 0. 48 MPa, BB RGN oo B UE KBS T RS A%, 2406t
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B T P R TR T B8 Fe /R AEL N - 0. 883% , LY
P AMBRBE R PR LRI S, =30 mmo 5245 BRI IE
AR HR A ) ) B AR 3. 344% |, JHLIRE Y BBk
HFR A S, =70 mm,

®9 EAREEIEPAREINGE 6 EHRHE N BB KIEE

Je $/7
BUGRIE  SUAKIE BUATIE i RIS W

/mm /mm /mm S, /mm P/MPa /%
dy =0.81 I, =50 ¢ =50 0 15.85  0.000
d, = 0.81 I, =50 ¢, =50 . .

d, =0.81 [, =50 ¢ =50 10 15. 81 0.252
d, =0.81 [, =50 ¢, =50 . h
d =081 I, =50 ¢ =50 20 15.8 0.315
dy =0.81 1, =50 ¢, =50 . o
d, =0.81 [, =50 ¢ =50 20 15. 71 0. 883
dy =0.81 5, =50 ¢ =50 o
d, =0.81 [, =50 ¢ =50 40 15. 81 0.252
dy =0.81 1, =50 ¢, =50 ' o
d =0.81 I, =50 ¢ =50 50 16,11 1.640
dy =0.81 I, =50 ¢ =50 . .
dy =0.81 1 =50 ¢ =50 70 16.38  3.344
dz =0.81 lz =50 cy =50 . .
d, =0.81 [, =50 ¢ =50 90 16.32  2.965
d, =0.81 I, =50 ¢, =50 . .
d =081 5 =50 =50 16.32  2.965
dy =0.81 I, =50 ¢, =50 . .
d =081 I =50 =50 16,33 3.028
dy =0.81 I, =50 ¢, =50 . .
dy =0.81 [, =50 ¢ =50 150 16.33  3.028
d, =0.81 1, =50 ¢, =50 . .
d, =0.81 1, =50 ¢ =50

170 16.32  2.965

d, =0.81 I, =50 ¢, =50

5 &8 w8

ARSCHHE T 122 T A AR R B4 ol s e
82 A A XS B R R T B sg ), EEESIR AT

(1) 5 72 T e o T B8 0 f0 348, A [
WF YRR e 7 20 2 30t 0 /N B A B, T R e
S350 R K 13, 02% 4. 85% . 5. 93% . 10. 11% .
11.74% ,3.25% 2. 83% .2.38% .2.36% .2.70%
AN [R) B R T 13 BB BER A 38 A BB P ) /N
JEEE NG 2. LRG0 kB X52 45 18 X
B RO LR 3R o

(2) 75— RSB B T X A ol Bl s 1
BT BBl B3 K R e o 8 ) A s L ) A
IINTHN b RS B R T N AR R T, S R Y
B R FE ) K 2R T B — A B — Py
BREGZ R =S [ S TR B A I SRR s T A

FIRH Py > Py > Py

(3) B4 il BB 1 S B I AR A
T35 5 A R P A NSRBI R BE EE S TEASE . Y
HIMBR B BRI B8 X A2 45 B T PR R0 T ) F 2 )
HEGHRBEREKEAX, 5EGHENEIKERE
PR ARSI A S S5 T Tl e B 1 R B 1
SE I, P AIMBBE AR JBE R, 52 5 e A A AR
i) %

(4) 252450 i It v 1189 P 475 ol R i 1) A %o
(L8R A AR AL B A SR ) B Bz AR A
PR B/ B P i o [ B R0 o i) BB AC, DU 52 5 Gk S
IR R BAE R . 24 S, > 110 mm . S, > 90
mm I, 52 5 B B A5 A MR R ) LB TEE
J 2 PR 5 & R B 1 il 1] [ S R0 o [ S /)
SEE R A E R BRE B, 2 S, =0.8, =0
I, 52 45 e 5 T A R T ) e o
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