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Research progress on multi-field coupling analysis methods for
time-dependent behavior of hydration-thermo-hygro-
mechanical in PC box girders

YANG Deng, YANG Yongqing, XIE Mingzhi, HUANG Shengqian
(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China)

Abstract: Large-span cast-in-place PC box-girder bridges are widely applied, but universally face problems of
early-age cracking and long-term over-deflection, its core reason lies in existing analysis methods for PC box
girders’ time-dependent behavior being inaccurate. Combining concrete materials’ multi-scale characteristics,
existing research achievements are reviewed from three aspects: concrete hydration-thermo-hygro-mechanical

coupled models, multi-field coupling models’ numerical solution methods, and multi-field coupling analysis
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methods’ application in PC box girders' time-dependent behavior analysis. Comprehensive review discovers that:
macroscopic scale-based phenomenological models have developed to distinguishing gas-liquid independent
transport, considering temperature-humidity gradient influences, adsorption hysteresis effects and force field's
impacts on thermal-humidity fields, such models better suit large concrete structures; microscopic scale-
originated mechanical models are most advanced, considering material thermal, moisture, mechanical
properties’ time-evolution, and each parameter having clear physical meaning, but parameter calibration being
difficult and computational costs being high; staggered solution strategies being more practical in multi-field
coupling models’ solving; multi-field coupling analysis methods having gained certain applications in PC box
girders’ time-dependent behavior analysis, subsequent work may further optimize cement hydration kinetics
models, consider concrete adsorption hysteresis effects, gas-liquid independent transport, concrete cyclic creep
and prestressing tendon dynamic relaxation influences, to enhance the early crack control capability and long-
term service performance evaluation ability of long-span concrete girder bridges.

Keywords: PC box girder; time-varying behavior; multi-field coupling; hydration; temperature; relative

humidity
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Fig.1 Schematic diagram of multi-scale description of concrete
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Fig.2 Schematic diagram of cement slurry matrix at micro nano scale
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Fig.3 Schematic diagram of concrete as a porous multiphase medium
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Fig. 4 Comparison of concrete hydration-thermo-hygro-mechanical multi-field coupling analysis models
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Fig.5 Illustration of multi-field coupling theory in early-

age concrete
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Fig.6 Evolution of relative humidity at the measuring point
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Fig.7 Evolution of temperature at the measuring point
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Fig.8 Evolution of the phenomenological multi-field coupling model for concrete
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Fig.9 Evolution of concrete multi-field coupling model based on porous multiphase medium mechanics
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