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Analysis of rebar rust cover cracking in reinforced concrete with
cylindrical cavity expansion theory
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Abstract: The cover cracking process of rebar corrosion expansion in reinforced concrete was analyzed with cylindrical
cavity expansion theory, and animation model was set up for this cover cracking process. By the animation model, the
radius and pressing stress analytic equations on plastic zone borderline were deduced respectively for different rebar
corrosion ratios in reinforced concrete. Based on cylindrical cavity expansion theory, the critical rebar corrosion ratio p()
for reinforced concrete rebar corrosion cover cracking was presented with the rust counting model and the main factors’
effects on this the critical rebar corrosion ratio p(f) model’s properties were theoretically analyzed. The results show that
the critical rebar corrosion ratio p(f) is directly relative to the concrete strength grade, relative covering depth and rust
expansion rate. The critical rebar corrosion ratio p(¢) increases quickly as the relative covering depth increases, the critical
rebar corrosion ratio p(f) decreases quickly as the rust expansion rate increases, and the critical rebar corrosion ratio p(?)
increases slowly as the concrete’s strength grade increases. This animation model presents the basic theory for the
concrete cover rust expansion cracking life prediction of Chlorides or carbonization aggression.
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Fig.1 Rebar corrosion expansion cover cracking model
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Fig.2 Rebar’s deformation during corrosion expansion
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Fig.3 Cover cracklng due to rebar corrosion expansion
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Table 1 Case analysis parameters of relative covering
depth effects
d/mm o/(°) n E/MPa
20 40 2 3.0<10"
c¢/MPa U & G/MPa
0.2 0.20 0.001 1.25><10*
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25 3.0 40 (24)
4
10
8 L
s
3 6f
=
8
B 4
=
2 -
0 1 2 3 4 5
m
4 m

Fig.4 Relationship between relative cover depth and limit

rebar corrosion ratio
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Table 2 Case analysis parameters of rust expansion

rate effects
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Table 3 Case analysis parameters of different strength

grade of concrete

d/mm 0/(°) m E/10'°Pa d/mm 0/(°) M & U
20 40 2.0 3.0 20 40 2.0 0.001 0.20
¢/MPa u & G/10"°Pa
4 [20]
0.2 0.20 0.001 1.25
Table 4 Parameters of different strength grades of concretes>”
0.5 1.0 15 2.0 25 3.0 ! ! "0t
" DRt MPa MPa 10" Pa c
35 40 m=2 " Cl10 7.0 1.0 1.85 0.54
> Cl15 10.5 1.3 2.30 0.57
6 C20 14.0 1.6 2.60 0.62
C25 17.5 1.9 2.85 0.67
5 -
C30 21.0 2.1 3.00 0.70
X 4t C40 28.0 2.6 3.30 0.79
%T 3 C50 35.0 3.0 3.50 0.86
&
B
£ 2} 4 (25)
m=
I -
6
0 1 2 3 4 3.0
n
5 m=2 n
Fig.5 Relationship between rust expansion rate n and rebar
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