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Analysis of corrosion-expansion-induced cracks on concrete cover based on XFEM

WANG Ben' , WANG Hong' ,ZHANG Zhigiang’ ,ZHOU Mengjiao'
(1. Applied Mechanics and Structure Safety Key Laboratory of Sichuan Province, School of Mechanics and
Engineering , Southwest Jiaotong University, Chengdu 610031, China;
2. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract ; A finite element model of non-uniform corrosion-expansion-induced cracking of a concrete cover was built
using the extended finite element method (XFEM) and interference fit assembly. The calculated results show that a
cracking band including several microcracks occurred across a range of 10° to 30°, adjacent to steel bars on their
left and right sides,and developed symmetrically in the backward direction away from the medial axis of the steel
bars. With increasing degree of corrosion, a diagonal main crack occurred in the crack band,resulting in wedge-
shaped destruction of the concrete cover. By means of the secondary development of ABAQUS, the length of
corrosion-expansion-induced cracks was obtained ,and an exponential relationship between the crack length and the
corrosion ratio of steel bars was deduced. The cracking development can be divided into three stages, corresponding
to the occurrence of the embryonic zone, extending zone ,and gradual development zone of cracks,and the corrosion
ratio of steel bars, when cracks enter the gradual development zone, can be used to evaluate the durability of
structures. The accuracy of the calculated results was verified by comparison with damage of bridges on the
Guanghui Expressway induced by concrete cover desquamation.
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Fig. 1 Mechanical model of non-uniform corrosion of steel bar
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Fig. 2 Development path of corrosion-expansion-induced cracks on concrete cover and mode of concrete cover desquamation
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Fig. 3 Concrete cover cracking of bridge

3.2 Ry EMBERREHIERTLE

X ABAQUS BEAT YT A, $R HU T FE KRS, MR SR [ 1 ] el B AR A3 45 T I K 32 K () BR

{EL, ASSCH n =2 A RIREY S AN 5 1l R 2 ] 4R BOC &R
(K 4), M4 alg. R RIREIGE T8 IKRB0N & R
e, ORI BN, TR IR - X B Ty A 11 i VR B ) | 52 2Bk
RGNS Al G MNP AL N ERy e SN VAP R VA U e s
— R J2= LI SO R S TV 2 5 Xt R 2 ml A fR R
JE&, oy 6 Bk 28 S T K- k), JE B IR ) e A
K, RLERIT AR Z R B2 A/, RIVE 280K S 3 — &
K5 < R AR FHAR R T 0y o AR Liu 052 ) 85 ol
= BCHE B B ST TR A TR B A AL B (A
SCHIAER AR BT AR AT AGZ R E YR (HLR SR R
IR B AR Z A A A Z R ) |

& 4 FTAN ARAT R Rl 0. 1% B ARG 2R EE 15
WA BT RIANAE IR IX A E SO A RE X, 80 R
FAR—F, IR PN B KRS A2 R R 2R A

451 4 c=10mm L=47.16-47.16¢>""
|l & c¢=20mm ?_
40 e c¢=30mm =099 \
35F w ¢=40mm
—_— L‘ A/ 53
é 30F ik 1=37.76-37.76¢"""
N R=0.99
50 W L=259-259¢"""
K R=099 ,
& 15
ok N Lo
L=15.12-15.12¢™
5F R’=0.98
1 1 1 1 1 1 J
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

WS R P %

4 WMEFFMESRGKEZENXR
Fig. 4 Relationship between crack length and

corrosion rate of steel bar

SR/, SRR AR EE T AR BB VR REDE WS TR EE L1005, A B RO E M, a8 et —

B, APRIPRIEEEPE T [l i B R, PR =R 2
SN TEIX A 22 IX (151 4 Hr 48 20 S ) IR ) e
W, DEAY V2R IX 5 20 i e JE 2 TUH I 2%, TR 3 R 37
R TR RITOIRAS . R, PR IR B IR Sy e nT LAy o 3
BB AU A X — Ry R IX — R IX
LPREIE T, RGO R Y2 — R B R v S il 2 e
W, T2 I 2R, BT 99 A3 18 okl FEE o 23 R BE b, R
PR i 2 R4 2 3 1T I A 500 473 55 3 0 A7 S5 A Tk K 1P
SIS AN 2 A TR LA S0HE A 22 DX B4 A A 45
XA R EAT VAL P 5 25 1 T IR IBE b ¢ g A TSR IR o
WO JEHA S = dL/dp, FER ARG aT Ay R AR 372
RSB MR, o R 14T IR p X0

LY JRHE AR S /mm

250

[ye]
(=3
(=]

c=20mm

—_

W

(=}
T

Qe KA (AR N
S=25mm

c=10mm

wn
(=}
T

1 1 I 1 1 ]
0.1 0.2 0.3 0.4 0.5 0.6

0
WS MRE P/ %
5 HgYRBER

Fig. 5 Crack growth rate
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