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Research on Buckling Failure Mechanism and
Critical Load of Bimetallic Composite Pipe

Xiao Shixuan Lii Zhiyang Zhu Xueming Qu Lin Liang Xuequan
(College of Safety and Ocean Engineering, China University of Petroleum ( Beijing) )

Abstract: In order to investigate the buckling failure mechanism of bimetallic composite pipe, the ABAQUS
software was used to build a finite element model of it. Then, considering the existence of residual stresses during
forming, the variation laws of bending moment, ellipticity and inner lining wrinkling amplitude with curvature dur-
ing the bending process were analyzed. Finally, the influence of yield strength and radius-thickness ratio of inner
lining pipe as well as the radius-thickness ratio of outer base pipe on the buckling failure of bimetallic composite
pipe was studied, and the prediction formulas for critical bending moment and critical curvature were further pres-
ented. The analysis results show that the inner lining pipe with higher yield strength can increase the critical ben-
ding moment of the composite pipe, but will reduce the critical curvature of it. Smaller radius-thickness ratios of
inner lining pipe and outer base pipe all can increase the critical bending moment and critical curvature of the com-
posite pipe. Compared to the critical bending moment, the changes in the yield strength and radius-thickness ratio
of the inner lining pipe have a more obvious influence on the critical curvature, while the changes in the radius-

thickness ratio of the outer base pipe have a very obvious influence on both of them. The relative errors between the
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predicted results of the critical bending moment and critical curvature formulas and the finite element calculation re-

sults do not exceed 4% and 12% respectively. The conclusions provide a reference for the design and safety evalu-

ation of bimetallic composite pipe.

Keywords: bimetallic composite pipe; buckling failure; inner lining wrinkling; radius-thickness ratio;

critical bending moment; critical curvature
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Fig. 1  Constitutive curves of inner and outer pipe materials
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Table 1 Material and geometry parameters of bimetallic composite pipe
HEE A JE R/ MPa SPEREE/ GPa AL HAR/mm BEJEL/mm PR KEE/m
S X65 465 210 0.3 323.6 14.3 22.6 1.6
A SS304 277 198 0.3 291.0 3.0 98.3" 1.6
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Fig.2  Finite element model of bimetallic composite pipe
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Fig.3 Schematic diagram for forming process of bimetallic composite pipe
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Fig. 4 Boundary conditions of bimetallic composite pipe
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Fig. 5 Bending moment-curvature and ellipticity-curvature

relation curves of bimetallic composite pipe
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curve and changes in wrinkles
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Fig. 7 Influential curves of inner lining pipe yield strength

on bending moment and inner lining wrinkling amplitude
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ratio on bending moment and inner lining wrinkling amplitude
3.3 SEEZELNFN

Iy BUAN LG AR R L Do/t T 28.6, 22.6,
18.7, 15.9 F113.9, £l 48 & & & AR 4
SR RE LG T 1075 R — 1 235G R il 2 A0 N Ao 4 Ak
-l R ML, WE 9 R,

20 0.12
18F
L 0.10
Lak 0.08
_12f 3
210 0.06 g
S —D./1.=286 0.04 ©
—D/t.=22.6
0.6 —— D J1.=187 0.02
0.4 —Dc/1:=159 .

—D./1.=139

03 1 1 1 1 1 @%Wg{ﬁ ]

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
K/K,

B9 shAERFILG YA

Fig. 9 Influential curves of outer base pipe radius-thickness

ratio on bending moment and inner lining wrinkling amplitude

221
20
18+
1.6 -

14 H

212

5

= 10f
Rost
06 - —— ATHUEH SR
: —— AT AR
0.4 —— YR

02

0

A ™ ™ A

0 20 40 6IO 80 160 |I20
Bt
. WIS AR

HE 9 AlHl, FA SN EERE LRI, 246
BRI TR, GRS HH 1L 0IM, HK
F1.88M,, HINGEEE 2N 86% ; IIfi Ftih AR
Wk, IEF R 0. 77k, K E 1. 37k,, 3N
TREEZR 80% 5 H N A& A= 8 A st 1) i e 7E A
VT3, 5K 10 BH B AT AR AE 10 40 RS B AT 8 e A 1Y
ARERE ST, TR SE 22 5 5 A8 114 D it 2 5800 PN A RE 24
kA, HANES 2R R AR 2 A4 I P S
RTINS 3 A 52 i ) A I

4 &R AEG IEA b R K

TERE ST AR A R B, Jd i P AR ik
Xf L —AR R BT T, JREEAT TR, ST
RS T IR E | N AR R LU RN MR AR I LE S5 3L
<53 S A i SRS R A B 3 2 [ Y R BOG R
R FHARZAE T JX K 3 A2 4 5 1k S 25 Rl S5 iy
KRBT TG, B3 T ERESE RS
R R i R SRR /A WD e e =R e e TR e B

(TR R
U'Ly) 0,07(DL) —0A09(DC) ~0.84 "
g, Ly, Lo
X4 T 52 A I B 3R AR i A =X

x = 48, 93("”) _0'36(DL) _0'33(0‘1) RS

o, by, 2

M =26.77

A Mk SR WG B A A Y TG B 4 7 A
TR,

P BRTTTH 25 SR 5 70 A 2 5 45 R AT X
I, SR 10 Fos, B 10 flH, ARRICH A
ZER G ARG R BN R, BHILE 2R
g SO I B W1 e R S e N S R BN WE S
XFiRZE, B 1T AT, I S R T A =X A A X

1.8

1.6 -
1.4}
1.2
g 1.0
= 08 i ’,
R 0.6 B
—— ARRICH AR
0.4 —— AT
—— Xy 2
02}
0 hnAassAA s oaap DA AN A s apfo S
0 20 40 60 80 100
Bl

b. 1 S il 325 0

BA10 AKX LRE AR F LR

Fig. 10 Formula prediction results and finite element calculation results
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