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Meso-scale numerical investigation on the crack process of concrete
cover induced by rebar non-uniform corrosion

Du Xiuli , Zhang Renbo , Jin Liu

(The Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University
of Technology, Beijing 100124, P. R. China)

Abstract: Concrete cover cracking induced by corrosion of steel reinforcement is a major influencing factor
for durability and serviceability of reinforced concrete structures. In order to investigate the cracking
process of concrete cover induced by rebar corrosion, the heterogeneity of concrete meso-structure and non-
uniformity of rebar corrosion are accounted for. The undamaged concrete is assumed to be a three-phase
composite material composed of aggregate, mortar matrix and the interfacial transition zone (ITZ). And a
concrete random aggregate structure is established for the study on the mechanical behavior of the non-
uniform radial corrosion expansion. In the present simulations, non-uniform radial displacement is adopted
to simulate the non-uniform corrosion of the rebar; the plasticity damaged model is used to describe the

mechanical behavior of the mortar matrix and the ITZ, and the aggregate is assumed to be elastic. The
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cracking of concrete cover due to the non-uniform corrosion of the middle located rebar is numerically

simulated. The comparison of the analysis and the test result on failure pattern of cover concrete shows

fairly good agreement. And then the failure patterns under uniform corrosion and non-uniform corrosion

obtained from the macro-scale homogeneous model and the meso-scale heterogeneous model are compared.

Furthermore, the influences of concrete cover thickness and rebar diameter on the failure pattern of

concrete cover, the expansive pressure and the corrosion rate of the rebar when cover concrete cracks are

investigated.

Key words: concrete cover; meso-scale; rebar non-uniform corrosion; corrosion rate; numerical simulation
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Fig. 1 Contour line model of rebar of non-uniform corrosion
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bar of non-uniform corrosion
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Fig.3 Meso-scale mechanical model for concrete
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Table 1 Mechanical parameters for the meso constituents
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Fig. 4 Cracking process of the concrete specimen induced

by the middle side rebar with ¢c=30 mm and d=16 mm
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Fig. 5 Comparison of the present simulation result

and the test observation

3 ZHLSHER

FE T AR SCHE H I B Dy I TR X AH DG R iR
SRIAT T IR EE 198 0 52 2 7E /T T
PP e R a3 HEL AT XoF 349 JoR A Y K S 4 o A R
By 5) 85 il 55 AR X 5185 bl LB A AR RN AR B 2 IR A
HEREIETHr. B 6 240 T 97151 FdE 553 45 il
T T ¥ 5 AR 2 5 A A TR 1 O 4 2 R AR X
XS, &7 A8 3 ] AN [l O 47 2 R BE ¢ (30,
40 F1 50 mm) FA [ 40 i AR 4 (16,20 Fl 25 mm)

(g) c=50 mm, d=16 mm  (h) ¢=50 mm, d=20 mm

TR 02 T B RO G 7 7 2 1 v o, [

BRIKIE A1, 4 2 W% i T (4 2 5k - JF I ’

R Il L5 i & E7 AERPEEEMABNGHERT
RIPERHIAER

Fig.7 The failure patterns of concrete cover with different

cover thicknesses and different rebar diameters
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Fig. 8 Distribution of the pressure induced by the non-uniform corrosion of the middle side rebar

with different cover thicknesses and different rebar diameters
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