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Study on stress and strain characteristics of composite scratch dent
zone of X80 pipeline
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Abstract: The stress and strain characteristics of composite scratch dent zone were studied by the real dent pressing test for the X80 pipe-
line with prefabricated scratch defect and the finite element numerical simulation. The results show that the strain increases with the in-
crease of dent depth in composite scratch dent zone. When the dent depth is greater than 5% of the pipe diameter, the strain value increa-
ses rapidly. With the increase of dent depth, the position of peak stress and strain in composite scratch dent zone gradually shifted from
the center area of dent on outer wall of pipeline to the center area of dent on inner wall and the edge of scratch defect of pipeline. With the
same dent depth, the peak stress and strain of composite scratch dent zone are higher than that of the plain dent due to the composition of
scratch defect and dent. The internal pressure further intensifies the strain concentration of composite scratch dent zone, but the ratio of
strain increase amplitude to dent depth increase amplitude of composite scratch dent zone is approximately constant whether the pipeline is
under pressure or not. The increase of scratch depth makes the localization of dent deformation is more obvious, so that the peak strain in-
creases significantly with the increase of scratch depth.
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Fig. 1 Prefabrication test of composite scratch dent

(a) Head position  (b) Pipeline with composite scratch dent
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Tab.1 Pipe parameters of finite element model
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Fig. 2 Schematic diagram of pipeline model with scratch defect
(a) Full model (b) Scratch defect of pipeline
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Fig. 3 Relationship between dent depth and the

maximum strain
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Fig. 4  Distribution of residual stress in plain dent zone and
composite scratch dent zone
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scratch dent and dent depth
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Fig. 6  Strain distribution of pressure pipeine with scratch dent
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Fig. 7 Relationship between equivalent plastic strain and

scratch depth, dent depth

FERE 7 B A, AR TRE  70% BEJREE, W] fil

B IE R ERE JIFEAR 55%

ES SN VNS

ALY A B AR TR R TERE ) N RIS
2.4 NGEGMBREMEAAREERNER
S 525 1T XA T 7 5 £ . Bl BeE 2 A ]

8 o, AR TG 5 T 51X R T I v AL 1 ROUR 2 488
mE 9 fras. & 8 nl s, ERMFEH L 0 ~75 mm
TOIE], B A T A S SR R R T, A M
o, RS TRE. B9 nlAl, AFiEd
SUAPRDIR DL, DA H ] L4 75 7 00 258 1) 328 12

300 4
s 275
=
=
.?:, 250 4
=
=
225 1
200
0 50 75 100

R O B /mm

P8 Sl 5 5 M B X AR 8 43

Microhardness distribution in composite scratch dent zone

Fig. 8

P9 Sl 5 & B IX 2 R 2

(a) R MIPHIX

(a) Zone far from dent

(b) [MIpg e

Fig. 9 Microstructure in composite scratch dent zone

(b) Center of dent



182 HPE TR AR

#28 &

(11 B X AR DT FR A 2 ) 4 S, L o T U o
DHREZ TR, "l lg 2B B i BB Lk
AX 2 R T AR A AR T B K A 1) B A P i TS o
AT, TR p S TR 1Y i P SO U A5 AL Y
e, MR X AL AR T AR fiE
FEAE T RACREAL, BT [ e B i G R B AR
e A

(1) FER0 45 52 5 110 e DX 728 Bl 1M1 T8 52 1 8%
g R, MR KT 5% 0D i, [ A {H
R BER T BB TR B3 K, B BRI R A 1M
e DX 7 0 {7 3% oy A T M BE U v X
e g 1) A7 T TN BE M1 s DX 3R % A BE Sl s ke B 10
%,

(2) PR T Sl 493 52 45 T s DX ) g A 4
W, EIGIREE AR S, MR XA A 3 i 5 M
e TR B2 8 R 114 B O AR A K 300 0 TR 3 A 38 K 1
T (M AR ) JR A B A, R M X1
AR WA L 30 0 AR 52 A 384 o e K

(3) X055 & M 409 A8 DB DX 0 < o g W
X7 TR0 MBI X R MR XA, EE
SMBELAERL 108, g M L i, R IE S BE 7
BB I 1 BN F1 o AE M B A 45 9
BROERTE, S5 MBE DB 7K 32 B9 3R AR N ) (i
LI K T A MR X

S & 30Hk:

(1] %5, Ubfed, ZM& EEMEFRIR (1] WEs,
2009, 28 (6): 10 -15.
YANG Qiong, SHUAI Jian, ZUO Shangzhi. Research actuality of
pipelines with dents [ ] ]. Oil & Gas Storage and Transportation ,
2009, 28 (6): 10-15.

[2] DAWSON S J, RUSSELL A, PATTERSON A. Emerging tech-

niques for enhanced assessment and analysis of dents [ J]. Journal

of Pipeline Engineering, 2008, 7 (3): 189 -204.

(3]

Db

(12]

MR, BhEE, BOWRE, SF. HUMOND S E0E s ] E R
PR e b (1], A [E R Rh i 5 %6 4, 2014, (S1): 100 -
104.

CAO Qinghui, YAO Jianhui, HUI Lili, et al. Analysis of buried
oil and gas pipeline damage caused by external mechanical forces
[J]. China Special Equipment Safety, 2014, (S1): 100 -
104.

NI, o, AR MRS RO R AR A O ik
[C] /72015 FELERBMHFARZW. L5, 2016: 432 -
435.

SUN Mingnan, GAO Jian, LIN Dong. Safety assessment method
of dents on oil & gas pipeline [ C] /72015 National Academic
conference on Failure Analysis. Beijing, 2016. 432 —435.

LEIS B N, BUBENIK T A, RANCINI R F, et al. Recent develop-
ments in avoiding, detecting, and assessing severity of mechanical
damage [ C] //Proceedings of 3rd International Pipeline Technol-
ogy Conference. Belgium, 2000: 387 —399.

LIMA M A, BARRA S R, FREIRE J L D F. Analysis of methods
to assess pipelines with dent and gouge damage [J]. Soldagem &
Inspecdo, 2010, 15 (4): 298 -306.

MAXEY W A. Analysis made of outside-force damage to pipelines
[J]. Oil Gas J. (United States), 1987, 85: 20.

ALLOUTI M, SCHMITT C, PLUVINAGE G. Assessment of a
gouge and dent defect in a pipeline by a combined criterion [ J].
Engineering Failure Analysis, 2014, 36 (1)1 -13.

TIAN X, ZHANG H. Failure criterion of buried pipelines with
dent and scratch defects [ J]. Engineering Failure Analysis,
2017, 80 278 —289.

TIAN X, ZHANG H. Failure pressure of medium and high strength
pipelines with scratched dent defects [ J]. Engineering Failure A-
nalysis, 2017, 78. 29 -40.

NAGHIPOUR M, EZZAT 1 M, ELYASI M. Analysis of high-
strength pressurized pipes ( API-SL-X80) with local gouge and
dent defect [ J]. Applied Ocean Research, 2018, 78. 33 -
49,

GHAEDNIA H, SREEKANTA D, WANG R, et al. Safe burst
strength of a pipeline with dent-crack defect; Effect of crack depth
and operating pressure | J]. Engineering Failure Analysis, 2015,
55: 288 -299.

XIAO F R, LIAO B, SHAN Y Y, et al. Challenge of mechanical
properties of an acicular ferrite pipeline steel [J]. Materials Sci-

ence and Engineering: A, 2006, 431 (1-2). 41 -52.



