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Abstract

Considering the heterogeneity of reinforced concrete beams due to different properties of steel
and concrete and the tension performance of concrete at tension zone, the tension damage of con-
crete was introduced, and a new beam theory considering the damage evolution of concrete was
established. The effect of concrete shrinkage and long-term load on damage evolution and service
life was discussed, and the key issue was focused on the damage evolution process and the influ-
ence of tension stress on service life. A new beam deflection equation and a life calculation model
were established. A reinforced concrete test beam was analyzed, and the results were compared
with the experimental results to verify the validity of the above theory and the life model. Based
on the established theory, the finite element damage analysis model of a reinforced concrete
bridge was established to study its security service performance and predict its service life. The
results show that the established beam theory can accurately describe the damage evolution of the
reinforced concrete beam and the cracking process. The curve between the neutral axis position
and load and that between the deflection and load are in good agreement with the testing curves,
and the error is between 1% and 10%. The developed deflection calculation formula can accu-
rately calculate the deflection of beam under long-term load, and the error is between 2% and
15%. The service life based on this formula has a certain degree of reliability.
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Figure 1. Schematic diagram of reinforced concrete beam model
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Figure 2. Flow of life assessment of reinforced concrete beams considering concrete shrinkage and load long-term effects
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Figure 12. Constitutive relation curve of C55 concrete: (a) Stress-strain curve of concrete under uniaxial compression; (b)
Stress-strain curve of concrete under uniaxial tension
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Figure 13. Parameters of C55 concrete during tensile hardening and compression softening: (a) Relation between inelastic
tensile strain and damage; (b) Relation between inelastic tensile strain and yield stress; (c) Relation between inelastic com-
pressive strain and damage; (d) Relation between inelastic compressive strain and yield stress
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