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A Study on Mechanical Properties Degradation of Pipe Steel
with Surface Natural Corrosion Defects
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(1. Northeast Petroleum University, Daqing, Heilongjiang 163318, China; 2. CNPC Key
Laboratory of PetroChina Pipeline R&D Center, Langfang, Hebei 065000, China)

Abstract: Corrosion has a certain effect on the mechanical properties of pipe steel. In this paper, ten-
sile tests were carried out on pipeline steels with different degrees of corrosion, and the relationship be-
tween the mechanical properties and corrosion loss of pipeline steels with different degrees of corrosion
was studied. Based on the test results, a numerical analysis model was established to analyze the stress
state at the corrosion pit. Under the action of axial tension, the fracture position of the pipeline steel
with corrosion defects occurs at the corrosion pit with the largest aspect ratio. The results show that the
yield strength and elastic modulus of pipe steel with surface corrosion defects have a low correlation with
corrosion loss degree, but the yield load and equivalent elastic modulus decrease obviously with the in-
crease of corrosion degree. The maximum depth to width ratio of the corrosion pit is the main factor af-
fecting the stress concentration factor at the corrosion pit. The research results can be used to evaluate
and predict the mechanical properties of pipelines in service, and provide an analysis basis for the pre-
vention of pipeline leakage and life cycle.
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Fig. 1 The piping drawing with corrosion defects
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Fig. 2 The design chart of the specimens
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Fig. 3 Specimen loading device and data acquisition system
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Tab. 1 Basic parameters of each specimen

o 1 e L. on B
95 "
/% /pm  /pm /pm /pm - x10

GS001 0.0 0.0 0.0 0.0 0.0 0.0

GS101 7.2 211.9 199.4 4969.9 3683.5 5.754
GS102 8.3  222.5 204.7 5547.2 4781.3 4.654
GS103  10.9 400.1 248.3 6595.3 5 884.3 6.800
GS104 11.7 411.8 258.9 7556.0 6 982.8 5.897
GS105 11.9 491.3 268.9 7707.8 7088.1 6.931
GS106 12.2 488.9 276.4 8015.7 7866.3 6.264
GS107 12.6 482.1 286.7 8514.4 8255.0 5.840
GS108 12.9 399.0 298.2 8806.4 8 706.0 4.583
GS109 12.9 513.9 299.3 8885.0 8768.6 5.861
GS201 13.3  563.5 361.7 9626.0 9 685.3 5.818
GS202 14.4 606.3 370.3 10 804.3 10 480.8 5.784
GS203 14.6 662.1 375.1 10953.110 666.1 6.207
GS204 15.8 578.2 391.0 11 869.9 11 763.8 4.915
GS205 19.0 852.9 431.5 15969.9 14 357.8 5. 940
GS206 19.6 951.7 444.9 17 574.4 15 580.0 6. 108
GS207  20.0 981.8 457.8 19 116.916 720.0 5.872
GS208 20.3 1076.3 459.9 19 489.7 18 251.7 5.897
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Fig. 4 Tensile failure diagram of specimen
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Fig. 5 The relation between corrosion loss rate

and yield strength
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Fig. 6 The corrosion loss rates eta relationship with yield load
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Fig. 7 The relation between maximum depth-width ratio

and yield strength
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Fig. 8 The relation between maximum depth-width ratio

and ultimate strength
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Fig. 9 The relation between corrosion loss rate and

equivalent elastic modulus
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and elastic modulus

P p, RBTAE E A 0 AR R 2T 5 AL R
PRI R TT A A A 5 A ik PR AR,

AN 9 FIE 10 Frzi , 5 A5 AR o B T ol 4
SR ARB ST/ 0 T SR A e g k45 2R A
RN

N T AT AR AR e 5 B SR AR A 2 ]
AR, I SRR A IR 5 AR 1) LU A £



F24

PR LT SR A ARG T R A Y 1 2 PR RERT T 29

RN (3) THRIFESL n-¢ K& A 11 PR,

E, 3
{= i (3)
KX, E RO,
1.1
10} EoNCiiE
o u = n -
@ 09}
ji.,. n [ ]
5 oosh -
S .
0.7}
0.6

02 4 6 8 10121416 18 20 22
J AR 2 %
11 - KA

Fig. 11 m-{ relation curve
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Fig. 12 Comparison of E, analysis results

2 EWEMBTA N RSB RIT S

2.1 MAKHRHF K
FERL S VEFATR A7 JE5 ol e 563 174 45 9 7 5 ol 1
b Gy = A AR T LG A N ae L R s e
Cerit 25" FAAG BRIC AT i Xt I 77 42 v ) i
FAOFSE ST T — 280 = 2 2400 5 f0DR S b B 2
RGEHATIE T A AL A1 R 16 3% )6 e
AR PRI 43 A A L, A5 R TR sk R B L R R TR
MO R EEHRER IR T EP R
K, AR A (6) iR,
1 +6.6d/w
U+ 2d/w (6)
K. d HIEMITAIREE , 0 FEWRTE S it iy
0 N ey A 11N

2.2 ARTEBNET

FIFH ABAQUS A5 B 7T 43 #7 #1437 45 Jig ok
BREAE BT (& 13) , 43 H e G S A A
T RG34 RO, J ik bt 2R = 2~ 3K
JE PRI B P TR v AR HE K 50 A5 1Y B, (H
T . FEIG A L, T AL 4 R ) R
BK, 382 P A A I T RR A ) B K 44 N
N 0, e FARFFALBIFRUES N TS o 1 T KT
BfE., HTYITEE o /TR, 1
ARG RETE AN 720" %7 N

P13 8B ok sl s A A FR 0 MR
Fig. 13 Finite element analysis model of corrosion

defect of pipe steel
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Tab. 2 Corrosion coefficient of steel pit at test tube

a2 d /um ®/pm B.. x107 AT RBK,
NN FEM RE/ %
k01 238.3 5447.6 4.374 1.185 1.103 7.4
k02 287.3 6 268.3 4.583 1.193 1. 107 7.8
k03 416.3 8 469.9 4.915 1.206 1. 140 5.8
k04 152.6 2652.1 5.754 1.237 1.135 9.0
k05 347.1 5943.6 5. 840 1.241 1. 149 8.0
k06 614. 1 10 337.6 5.940 1.244 1.182 5.2
k07 685.2 11217.6 6. 108 1.250 1.186 5.4
k08 476.7 7 679.6 6.207 1.254 1. 160 8.1
k09 288. 1 4236.7 6. 800 1.275 1. 174 8.2
k10 353.7 5103. 4 6.931 1.280 1. 168 9.6
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