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Full-scale model tests and numerical investigations on bearing characteristics of
superimposed lining structures under external loads
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Abstract: A full-scale mode test is proposed to study the transverse mechanical behaviors and deformation characteristics of
segment-self compacted concrete (SCC)-steel superimposed linings. The deformation and mechanical response laws of
composite lining structures under non-uniform external loads are revealed. Based on the 3D refined finite element model, the
influences of studs, lining types and lateral pressure coefficient on the bearing capacity of the structures are discussed. The
results show that the circumferential stress of the superimposed linings is lower than that of the separated ones under the action
of non-uniform external loads, and the superimposed lining structures present a ‘transverse ellipse’ deformation, and the
deformation laws are more clear with the increase of load amplitude and non-uniformity. The studs can effectively enhance the
interface performance of steel-SCC, but they have few effects on the circumferential stress of the structures.
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Fig. 1 Diagram of steel lining structure
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Fig. 2 Full-scale model test
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Fig. 3 Diagram of loading system
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Table 1 Measurement schemes
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Fig. 5 Details for finite element meshes
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Table 2 Mechanical parameters of materials
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Fig. 6 Tests on steel-SCC composite beam
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Table 3 Mechanical parameters of interface
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Fig. 8 Peeling of lining interface under different loads
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Fig. 9 Circumferential stresses of superimposed lining structures

(1=0.57)
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Fig. 10 Circumferential stresses of linings without studs ( 1 =0.57)
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Table 4 Maximum circumferential stresses of linings (MPa)
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A=043 199 -2.98 2.46 -3.69 6.59 -14.21
A=0.57 131 227 0.84 -2.64 2,69 -11.74
A=0.71 0.71 -1.85 0.27 -2.10 — -9.68
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