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Figure 1 Finite element model of pipeline
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Table 1 Material parameters
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Figure 2 Mesh of the overall structure
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Table 2 Rubber ring parameters

i 1 Co C D,/10”
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THAS5 ~ 0.333 162 0.251 492 371 3.443 7
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Figure 3 The amplitude of impulse load
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Figure 4 The mesh of flow field
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Figure 5 The coupled calculation process of MpCCI
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Figure 6 Joint rotation and shear displacement
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Figure 7 Comparison of the maximum principal stress

of the bell and spigot under different flow rates
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Figure 8 Comparison of vertical displacement of the

invert under different flow rates
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Figure 9 Comparison of the maximum principal stress

of the bell and spigotof different load amplitudes
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Figure 10 Comparison of vertical displacement of the
invert of different load amplitudes
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Figure 11 Schematic diagram of the locations of the

traffic load
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Figure 12 Comparison of the maximum principal stress

of the bell and spigotunder different load positions
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Figure 13 Comparison of the maximum principal stress

of the invertunder different load positions
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Study on Mechanical Response of the Bell-and-spigot Joints of Pipeline under the
Coupling of Traffic and Running Load

WANG Fuming">** | HE Hang"*’, FANG Hongyuan">"* LI Bin'?*?

(1.School of Water Conservancy Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.National Local Joint Engi-
neering Laboratory of Major Infrastructure Testing and Rehabilitation Technology, Zhengzhou University, Zhengzhou 450001,
China; 3.Collaborative Innovation Center of Water Conservancy and Transportation Infrastructure Safety, Zhengzhou University,
Zhengzhou 450001, China; 4.Southern Engineering Inspection and Restoration Technology Research Institute, Huizhou 516029,
China)

Abstract; The concrete pipe with the bell-and-spigot joints was the most common structure of the urban drain-
age pipe, but joint failure might occur under the coupling of the fluid in the pipe and the overlying load, cau-
sing leakage of the pipeline. Based on Abaqus and Fluent finite element software, a three-dimensional refined
model of the drainage pipeline with gasketed bell-and-spigot joints and the flow field model inside the pipeline
were estabished. Under the full consideration of the pipe-soil interaction, the contact between the joint and the
gasket and the fluid in the pipe, the structure model and fluid model were solved jointly by using MpCCI
(Mesh-based parallel Code Coupling Interface) platform. The influence of different flow rates, different traffic
load amplitudes and different load positions on the dynamic response of the joint were mainly studied. The re-
sults revealed that the maximum principal stress and vertical displacement of the central pipe joint were the lar-
gest under the multi-field load, and the stress distribution rule of the crown and the invert were the same, both
of which were tensile, but the stress value at the invert is slightly larger. The change of flow rate had a little
effect on the mechanical response of the bell-and-spigot joint. The magnitude of traffic load amplitude had a
significant effect on the maximum principal stress and vertical displacement of the bell-and-spigot joint, and
the influence was concentrated on the central joint. The movement of the load position had obvious influence on
the vertical displacement of the bell-and-spigot joint and the mechanical response of the crown and invert.

Key words: multi-field coupling; bell-and-spigot joints; traffic load; operating load; numerical analysis



