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Abstract: Water mains are frequently damaged with leaking and bursting accidents in both summer
and winter seasons, highlighting the significant influence of temperature on the structural operational
safety of water mains. However, existing studies have often ignored the effect of temperature variation
on the mechanical behaviors of water mains. In this study, the finite element numerical simulation
method was employed to build a thermal mechanical coupling three-dimensional numerical model,
considering the pipeline-soil interaction effect. We investigated the effect of ground temperature varia-
tion on the thermal field of the soils surrounding the pipeline, studied the variation of the mechanical
behaviors of water mains induced by the discrepancy of soil and water temperature, and analyzed the
influence of buried depth, pipe diameter, and wall thickness on the mechanical behavior of water

mains under different ground temperatures. To establish empirical prediction equations between maxi-
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mum stress and maximum vertical displacement of water mains and ground temperature, the uniform

test design method was applied and numerous finite element numerical simulations were carried out.

The conclusion indicates that the temperature variation amplitude of the soil is smaller than that of the

ground surface, resulting in an effect called ‘ warm in winter and cool in summer’. Due to the discrep-

ancy between soil and water, water mains are prone to a phenomenon called thermal expansion and

cold contraction, leading to the occurrence of leaking and busting of water mains. The established em-

pirical prediction equations agree well with the finite element simulation results. They can be used to

evaluate the structural operation and settlement risk of water mains in different seasons directly.

Keywords: water mains; finite element modeling; temperature effect; mechanical behavior; leaking

and bursting
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Fig.6 Stress distribution of pipeline under —10 °C and 60 ‘C

above ground
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