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Thermal Stress of Concrete-filled Steel Tube
Arch During Hardening Process Based on
Equivalent Age Method

SUN Jianyuan , XIE Jinbao
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: In order to reveal the influence mechanism of
temperature dependence of development of mechanical
properties of concrete in large-diameter steel tube arches on
the thermodynamic effect of composite structures during
hardening process, a finite element model was established to
simulate the hydration heat transfer process of the concrete in
the steel tube arch, which was compared with the measured
temperature field data. Subsequently, the effect of hydration
heat on the development of the modulus of elasticity of the

concrete was further considered based on the equivalent age
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method, by which the variation of thermal stress of composite
structure during hardening process were revealed combining
with thermal elasticity mechanics theory, and compared with
the calculation results without considering the influence of the
temperature dependence. The results show that the hydration
heat temperature field accelerates the growth rate of the
modulus of elasticity of the concrete in the tube during
hardening, which leads to a significant increase in the thermal
stress of the concrete during hardening process, and the
increases in the radial, circumferential and longitudinal
directions can reach 1. 3 times, 1. 4 times and 1. 3 times,
respectively, but the effect on the stress of the steel tube is
negligible. Hence, in the analysis of the thermodynamic effect
during the hardening of concrete in large-diameter steel tube
arches, the effect of hydration heat temperature field on the
development of the modulus of elasticity of the concrete in the
steel tube must be considered.

Key words: concrete-filled steel tube arch bridge; hardening
process; hydration heat; temperature dependence; equivalent

age method; thermodynamic effect
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Fig.1 Boundary conditions of hydration heat
temperature field of CFST
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Tab.1 Thermal performance parameters of concrete-filled steel tube materials
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Tab.2 Mix proportion of C50 micro-expansion concrete
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