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2.3
s 1
N N . Tab. 1 Model parameters
( . IR ( . ) . Concrete tensile Protection layer  Bar diameter
( ) strength/ MPa  thickness ¢/mm d/ mm
b . ~
1. 54 25 18
] 1. 78 30 20
) ’ : 2. 01 35 25
s 54
2.3
, [7]
) 5 6
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Fig. 5 Radial displacement distribution of Fig. 6 Radial displacement distribution of

corner bar surface concrete non-corner bar surrounding concrete

(r-’-un ° (H— ul’]

0<0<=x
u (= JLr+ulJ ZCOSZHLr+u2JZSin26 : )
<0< 2r w
Uiy u2, 0
( GFu) * GFw)
i r—u) ° (r—u
_—< _
2 0 JG+ w2 ) cos’ 0 G+ ui )?sin’0 g
0<6<% u
(0= 3
" T tw) ° Gtuw) )
<<
2 JGtw P cos’0H G+ )?sin’0
ngeg%r u:2

-

Uuly U2, 6



750

43

3 ARWAH R EITRE R B AL R E T4

2

Tab.2 The finite element analysis results of protective layer cracking caused by corner bar nonuniform corrosion

Tensile Bar Protection layer Critical radial Tensile Bar Protection Critical radial
strength diameter thickne ss displacement strength diameter  layer thickness displacement
/MPa / mm / mm /Htm / MPa /mm /mm uy/ P m
1. 54 18 25 4.6 1.78 20 35 7.7
1. 54 18 30 5.8 1.78 25 25 5.1
1. 54 18 35 7.0 1.78 25 30 6.2
1. 54 20 25 4.6 1.78 25 35 7.4
1. 54 20 30 5.7 2.01 18 25 5.9
1. 54 20 35 6.8 2.01 18 30 7.4
1. 54 25 25 4.4 2.01 18 35 89
1. 54 25 30 5.4 2.01 20 25 5.8
1. 54 25 35 5.9 2.01 20 30 7.2
1. 78 18 25 5.3 2.01 20 35 86
1. 78 18 30 6.6 2.01 25 25 5.6
1. 78 18 35 8.0 2.01 25 30 6.9
1. 78 20 25 5.2 2.01 25 35 83
1. 78 20 30 6.4
b 2
b b b
b
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Fig. 7 Comparison between finite element analysis values and formula 3 calculated values
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Tab.3 The finite element analysis results of protective layer cracking caused by non-comer bar non-uniform corwsion

Tensile Bar Protection layer  Critical radial Tensile Bar Protection Critical radial
strength diameter thickne ss displacement strength diameter  layer thickness displacement
/MPa / mm / mm /Htm / MPa /mm /mm u/Pm

1. 54 18 25 7.8 1.78 20 35 12. 6

1. 54 18 30 9.6 1.78 25 25 88

1. 54 18 35 11.4 1.78 25 30 10. 6

1. 54 20 25 7.7 1.78 25 35 12.3

1. 54 20 30 9.4 2.01 18 25 9.9

1. 54 20 35 11.1 2.01 18 30 12.0

1. 54 25 25 7.8 2.01 18 35 14.2

1. 54 25 30 9.3 2.01 20 25 9.8

1. 54 25 35 10. 8 2.01 20 30 11.9

1. 78 18 25 8.9 2.01 20 35 13.9

1. 78 18 30 10.9 2.01 25 25 9.9

1. 78 18 35 12.9 2.01 25 30 11. 8

1. 78 20 25 8.8 2.01 25 35 13.7

1. 78 20 30 10. 6

4

Tab.4 The finite element analy sis results comparison of critical radial displacement

between non-corner and corner protective layer cracking

Nomcorner Nomcorner

. Corner radial Ratio of . Corner radial Ratio of
Num . radial displacement non-corner Num . radial displacement non-corner
displacement u/*m and corner displacement u/Pm and corner
u/Pm u/Pm

1 7.8 4.6 1.70 15 12.6 7.7 1.64
2 9.6 5.8 1.66 16 8.8 5.1 1.73
3 11.4 7.0 1.63 17 10. 6 6.2 1.71
4 7.7 4.6 1.67 18 12.3 7.4 1. 66
5 9.4 5.7 1.65 19 9.9 5.9 1.68
6 11.1 6. 8 1.63 20 12.0 7.4 1.62
7 7.8 4.4 1.77 21 14.2 89 1.60
8 9.3 5.4 1.72 22 9.8 5.8 1.69
9 10. 8 5.9 1.83 23 11.9 7.2 1.65
10 8.9 53 1.68 24 13.9 8.6 1.62
11 10.9 6. 6 1.65 25 9.9 5.6 1.77
12 12.9 80 1.61 26 11.8 6.9 1.71
13 8.8 5.2 1.69 27 13.7 83 1.65

14 10. 6 6. 4 1.66
4 , u )
1.68 ) 5 )

ul

w=0.056 8 ° [ = (Utc/d)™" 2 g™ 6)
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Tab.5 Doc[ 7] testpiece material parameters table
Testpi Bar diameter Protection layer Corrosion rate Concrete tensile Rust density
estpiece num / mm thickness/ mm /mA ° fi? strength/ M Pa /mg * mm
OE(F)18512.0 16 27 3. 50 3.3 3.6
0A2859. 6 16 48 2. 18 33 3.6
0B3859. 6 16 70 1. 67 33 3.6
1o, U
2, Wl‘

W.=2°M°n; 0

: O mg/mm” .

12>
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Tab. 6 Doc[ 8 comparison between test results and calculated results
Crack time / a
. Steel corrosion
Test-piece num rate/ % Calculated value Calculated value Test value
a,=0.523 o0,=0.622
OE(F) 18512. 0 0.42 0.56 0.67 0.72
0A2859. 6 0.52 1.38 1.64 1.84
0OB3859.6 0.67 2.91 3.46 3.54
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FEM analysis on the crack process of concrete cover
induced by non-uniform corrosion of re-bar

WEI Jun', MENG Hao’, XUE Sheng-guang’

(1. University of Science and Technology of Suzhow Suzhou 215011, Ching;
2. Suzhou Erjian Construction Group Co., Ltd Suzhou 215004 China;
3. Wenzhou Architectural Design Research Institute, Wenzhou 325000, China)

Abstract. O ccurrence of re-bar corrosion will lead to the concrete cover cracking, which seriously affect the durability of

ooncrete structures. In dealing with the nomruniform corrosion of re-bar in concrete components under natural environ-

ment, the paper simulates the cracking process of concrete cover using a finite-element based method with ABAQUS soft-

ware. Based on the FEM analysis results, the formula of the critical radial displacement at the cracking time is used to

predict the corrosion ratio at the cracking time of cover concrete. Finally, the analytical corrosion ratio formula presented

herein is verified with the laboratory test

Key words: concrete; cover; non-uni form corrosion of re-bar; corrosion ratio of re-bar; radial disp lacement
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