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Experimental Investigations of Bearing Performance of Lined Pipe
Under Eccentric Compressions
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(1. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education,
Beijing University of Technology, Beijing 100124, China;
2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To study the eccentric compression bearing performance of lined pipes, considering the two parameters of
member eccentricity and slenderness ratio, seven hydraulically formed X65/316L lined pipe specimens were tested.
The test contents include the material property test, 3D scanning measurement of initial geometric defects, and bear-
ing capacity test. Comparing the stress process, failure mode, and data results of each specimen, the effects of the
specimen slenderness ratio and load eccentricity on the eccentric compression bearing performance of lined pipes were
analyzed. The test results show that the failure mode of the specimen under an eccentric load is the overall instability
failure, and the specimen exhibits a good plastic deformation capacity after reaching the ultimate load. The larger the
slenderness ratio, the more prone the specimen is to instability failure and the shorter the elastic deformation stage of
the specimen. Additionally, the stiffness and bearing capacity are significantly reduced. The larger the eccentricity,

the lower the specimen’s bearing capacity and its stiffness is slightly reduced. On this basis, a section of the lined
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pipe is converted by using the conversion section method, and then its ultimate bearing capacity is calculated accord-

ing to the formula of the compression bending instability bearing capacity of class a section steel pipe in the standard

for the design of steel structures (GB 50017—2017) . The test results of the bearing capacity are compared with the

calculated values of the conversion section method. The comparison results show that the bearing capacity of the lined

pipe compression and bending members calculated by the conversion section method, considering the contribution of

the liner, agree well with the test values, and the average error is below 10% and partial to safety. The design of the

lined pipe members by the conversion section method can optimally consider the liner’s bearing capacity. The research

results can provide some reference for the design and application of the lined pipe.

Keywords: lined pipe; eccentric compression; bearing performance; conversion section method; test
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Fig.1 Schematic diagram of a lined pipe structure
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Fig.2 Mechanical compounding process of the lined pipe
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Tab.l Measured dimensions of the specimens

prR TR D/mm | #/mm L/mm | L/mm | LJ/mm
LP-1700-70 168.5 12.8 2.9 1700 1870
LP-1700-100 169.0 12.8 2.9 1700 1870
LP-3400-70 168.1 13.0 3.0 3400 3570
LP-3400-100 168.3 12.7 3.1 3400 3570

LP-5100-0 168.3 12.5 3.0 5100 5270
LP-5100-70 168.3 12.7 3.1 5100 5270
LP-5100-100 168.3 12.8 3.0 5100 5270

1) = HERARY, GnEl 3 Fos. SR Geomagic #{44bFH
HEE TR A 2 4 19 JR 300 4 e o R AR AR ) LR BB . R
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Fig.3 3D scanning model

&2 JLARIIRERRE

Tab.2 Initial geometric deficiencies

iyl Dy/mm | Dy/mm | Dg/mm A% §/mm
LP-1700-70 168.7 168.1 169.1 0.31 5.1
LP-1700-100 169.2 169.0 168.9 0.23 7.5

LP-3400-70 168.4 168.9 169.0 0.34 10.2
LP-3400-100 168.4 169.0 168.7 0.22 16.7

LP-5100-0 168.9 169.0 169.2 0.35 223
LP-5100-70 169.2 168.6 169.1 0.28 28.4
LP-5100-100 168.7 168.5 168.8 0.42 25.6
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Fig.4 Test configuration
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Fig.6 Setup for the tensile test
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Tab.3 Material properties of tensile coupon tests

s Ey/MPa fo2/MPa f/MPa &
CTO-C 217 000 545 600 0.22
CTI-C 193 200 424 626 0.53
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Fig. 7 Failure modes of the specimens
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Fig.8 Typical failure modes under an eccentric load
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Tab.4 Comparison of the experimental and calculated results
s N/KN NoJ/KN RIS RS RN NARZEY Ny TRZE/% N/N,

LP-1700-70 1357.6 1167.1 1501.5 9.6 22.3 1.16

LP-1700-100 1030.4 887.8 1113.5 7.5 20.3 1.16

LP-3400-70 1018.4 880.6 1138.9 10.6 22.7 1.16

LP-3400-100 759.9 657.7 835.7 9.1 21.3 1.16

LP-5100-0 940.5 815.1 10259 8.3 20.5 1.15
LP-5100-70 675.7 585.9 687.7 1.7 14.8 1.15
LP-5100-100 553.4 479.9 588.1 5.9 18.4 1.15
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