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Stochastic Damage Constitutive Law for Fire-
damaged Concrete

YU Jiangtao® , XIA Min*-*, LU Zhoudao*

(1. Institute of Structural Engineering and Disaster Reduction. Tongji
University, Shanghai 200092, China; 2. School of Civil Engineering,
Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract: Based on the damage configuration and failure
feature of fire-damaged concrete, this paper presents studies of
the stochastic evolution law of fire-damaged concrete (FDC)
under uniaxial tension and uniaxial compression. The
stochastic damage constitutive relationship models of FDC
under uniaxial tension and uniaxial compression are
established with the Weibull distribution and spring damage
element model by considering the damage factors such as the
initial damage of concrete, the damage caused by elevated
temperature and the damage healing under crack closure.
Through the proposed method, four mechanical features of
FDC are explained by theoretical derivation rather than test
data fitting. The theoretical derivation results are compared

with test data and the proposed method proves feasible in

Wk H 4. 2009 - 09 — 22

explaining the failure mechanism of FDC.

Key words: fire-damaged concrete; constitutive law;

stochastic damage; crack closure; Weibull distribution
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Fig.3 Spring elements of fire-damage

concrete under axial tensile load
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Tab.1 Comparison between concrete’s calculated compressive strength and test data
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100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.000

200 0.95 0.95 0.972

300 0.90 0.82 0.89 0.76 0.94 0.94 0.98 0.72 0.905

400 0.76 0.769

500 0.63 0.60 0.70 0.50 0.64 0.63 0.64 0.59 0.630

600 0.55 0.57 0.30 0.505

700 0.47 0.50 0.28 0.20 0.15 0.13 0.42 0.332

800 0.20 0.25 0.17 0.13 0.172
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Fig.8 Degradation ratio of elasticity modulus

compressive and tensile strength
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