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Influence of reinforcement arrangements on concrete
cover cracking due to corrosion
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Abstract: Steel corrosion is one of the main causes for the deterioration of concrete structures. A 2D diffusion-mechanical
model was established. The non-uniform corrosion expansion induced by chloride ingress was regarded as the displacement
load through the finite element software, to simulate the mechanical effect of corrosion expansion on surrounding concretes.
Based on this model, the influence of different reinforcement arrangements on the corrosion-induced cover cracking was inves-
tigated. The results show that different reinforcement arrangements will cause different cracking paths, and the reinforcement
arrangements with fewer quantities and larger diameters can not only delay the crack initiation and through time, but also re-
duce the maximum crack width and section area loss ratio on the surface of the steel bar.

Keywords : reinforcement arrangement; steel corrosion; cracking paths; crack width; section area loss ratio of steel bar

X B RAT LNG i HERETE-F- 5 55 0 3F SR ISR BRI I EORX AT A TG Ao A, F TR
B BLEAC AR e 254, R TR RS R ARG A SCIR A FROCHE B 73 A AS [R) 91 21 45 X BE 1
FURE A EER R B, 0TI ARSI, I, SN R A
RIS TR BE LI R C 2 T R T - BRI AR AR S 5 i R n A Z i
P AHRZ 9 B X AR RO I I KA T b 470 Mo BT e AR A9l 2 5 % [ — TR+ 2R3
Briol SEBR b VRBE LA AR S ARG, 0T B AL ) R R BT R S

75 B #5.2018-10-28
BHE&TH . BFFESH AT (2018 YFC1504404 ,2018 YFC1504406 ) ; LI ZR44 A 4K BF2# 5475 H (ZR2019MEE099 )
YEE BN FRIUAR (1971-) | 55, B8, A WFSE 5 1] ke FE b T T R 25 4 R 38 - A PSS . E—mail : chengxd @ upe. edu. en,



- 138 - T E G HKFFIR(ERAFR)

2019 %8 A

1 HEHEE

1.1 RAFIEH 5B iR

TRBE 4 1 &5 TR e — N 2 Y b 42t
., MRIEEIEZA Muthulingam ZFAORFFE K
ik KM HAMARE T S BRITHS  5 5

il FE A
oT
pe, 5=V - (DT 1)=0. (1)
o, oh _
Ch=T (D, VR)=0. (2)
aC,
V(DY C)-V(C, D, V)=0. (3)

X p WIRBELHIE kg/m’ e, MIRBE+ o R
2,1/ (kg « K) w, FFLBUKEFUN G D, iR EE+
SIREK, W/ (m - K); D, X KSYHLR LK,
m’/s;h AFLBRHI R ¢, 0 H A T R
JE  kg/m’ ;D' NEE FR MY BLRE, m’ /s,

P T VRO - R 2 SR T 14 A A5 2 T 1 S AR
SIS AR HA R I, 7E 6 Ak X & A B AR
BRI S S B 42 R 408 194 FHAR 1B A 22 ]
TR L, B DX T L 20 PR A SR A T B R
AR R B AR, A, 7R3 fh IXORN 416 X 2 ]
ST ol 2 ek b 33X T e b e ol et o R T
A7 ) A

FE BN 25 T A R v 5 T DX A A o
HL 3 25 Ol

Diotal = Ui He- (4)
A7 4, 00 Ry Bl b R 2 L b L 3 R, A/

2
m .

JE ok oL 4 L 9 TR R R UL 2 5 SOk (7] -

9],

PR 7 205 L A A 77 o 1) ) A 7 < A
fir (6,0), %57 N

AFeJ” ilolal( 0 ,t) dt

B

n(6.0)= ZyFip, (5)

H, 0 T A B 1 B R R (°) 5 A, DA X D

T 5, AN T G B TR] s 5 2, SRy BRAR R L

B s, FAIREE kg/m* s F B H AL
= R BUZ KR 0 BUE R 2 ~ 6, 5 3CHk

(10T BRI E n =3, REEIKIZIEE v (0,1)
u,(0,t)=(n-1)r,. (6)
MR

2fr1(0,t) - rd6

n(6,t)=—" = . (7)

2 R I r 53 A AN AR R Tl 5 AN 7 242, m
1.2 RIPEFHRER

BT 000 S AR SR TR B+ 1 ) 2 e X
BRI ST S A 5 R A s RN R IR Ak, TR BE T+
K] CPEAR STT AN 7 I A T R A0 g ~F- T g 2% i)
R, 5 ][RP A TR B A 7 AR

o=(1-G)D,(e,~&")=D'(e&,-&") . (8)
X, G s W Bt 4578 5 MPa; D, Ry iR BE T4

GELPENTEE , MPase, NN AL ;& RPN AR ; D' N

RS B SRR BE , MPa

REE AN

w:(at—g;)l. (9)
oL E, IR EE L B9 AR i MPa ;L 2T
R=F,m,

ST HORUER A7 A £ 50 85 i R 3 o COM-
SOL A FRICHAFBUE T, R ABAQUS 7 Ik
B AR RO 4 2 F 2 B0 B
(1) ((2) F1(3) AT LIS 5G5S vk B RN
A JE 1) 25 A 1) 2 Bl A S E) s @ 2K (5) T A A 2
R ¥ =X (6) THAAS 2 1Y 55 1K 2 )5 18
SR ASE R Ao 230t 0 21 400 7557 J) 1 5 L (D3 TR+
L PR AR AR A 15 2 AR 2 BEIRA TR

2 RBEWIERERSH

2.1 RBVGIE

YA L Y000 ok 53 A R P 2 TR B S ULV
TR AR OCHE, T IR R A B I
FEF WA A S SR SR, A B TN A 4
MREIKZIREE ,, W 1 R, SR RS s 2

100 0

80~

£
< 6ol +180°
=
I
401
=
B
20¢
A A
0 . . . . . .
-180 -120 -60 0 60 120 180

FBEO/(°)
E1 BKREEEXXEER
Fig.1 Comparison of expansion thickness

with experiment data
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Fig.4 Cracking paths of cover
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Fig.5 Schematic diagram of influence of corrosion
expansion on cover surface cracking
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Table 1 Crack initiation and through time for different
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Fig.6 Surface maximum crack width for different reinforcement arrangements
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Fig.7 Corrosion loss ratio of rebars for different reinforcement arrangements

81 2925
= 3¢22
S 6| —-4P18
M
=
g
=
g 2f
0 n L I L L L L L Il
2 6 10 14 18
I [)/a
(a) =30 mm
3 & i

(1) 5 A SCHkrh S50 25 A0 L3 TE T 4k
Y- T AR T 5 B . X T A %
o ARBD HUEAR R A9 A 45 2 i R 22 1 3R i
P8 B H R/ N 41L& R R e R D B
A MUK BB 5

(2) ML H AR KA Bl 20 & AT DL SHE 2%
N TR 5% FN /K- 2L 4 1 3 BLFN B I [8) | 1 LR s
/D F T e R SRR T AN AR S R A A A
B TEE BB - 25 R AR A i AP BT v T X X R
T ML %

SE

(1] AR, PMETs Bk 5. Wi iR e 450 C1
BB A I SRS [ 1], v S ol 5 B 4 2 4R
2015,35(2) :144-150.

CHENG Xudong, SUN Lianfang, CAO Zhifeng, et al.

Numerical simulation of chloride ion induced corrosion of
reinforced concrete structures in marine environment|[ J].

Journal of Chinese Society for Corrosion and Protection,
2015,35(2) :144-150.

(2] AR, INEIT, B2, %5 LNG fiff i BROE IR 5 1.5 T
MFRNE 3 R aE o3 A [ )], i B R A= 2= 4 ( B AR FE
220R) , 2015,39(5) :130-136.

CHENG Xudong, SUN Lianfang, MA Hong, et al. Ther-
mal stress and crack distribution of concrete dome of-
spherical LNG storage tank[ J]. Journal of China Univer-
sity of Petroleum ( Edition of Natural Science), 2015,39
(5):130-136.

[3] MUTHULINGAM S, RAO B N. Non-uniform time-to-cor-
rosion initiation in steel reinforced concrete under chloride
environment [ J]. Corrosion Science, 2014 ,82:304-315.

(4] BOPST, G A6 R BT 8 i 5 BOR BE A R 2 K

R AL BT[], KR 2441, 2005,36 (8) :939-
945.
ZHAO Yuxi, JIN Weiliang. Analysis of cover cracking
process for concrete member due to steel bar corrosion
[J]. Journal of Hydraulic Engineering, 2005,36 (8):
939-945.

[5] CHEN E, LEUNG C KY. A coupled diffusion-mechani-
cal model with boundaryelement method to predict con-
crete cover cracking due to steel corrosion [ J]. Corrosion
Science, 2017,126.180-196.

[6] QIAO D, NAKAMURA H, YAMAMOTO Y, et al. Crack
patterns of concrete with a single rebar subjected to non-
uniform and localized corrosion [ J]. Construction and
Building Materials, 2016,116:366-377.

[7] CAO C, CHENUNG M M S. Non-uniform rust expansion
for chloride-induced pitting corrosion in RC structures

[J]. Construction and Building Materials, 2014 ,51 .75-



. 142 -

T E G HKFFIR(ERAFR)

2019 %8 A

(8]

(9]

[10]

[11]

81.
OZBOLT J, BALABANIC G, KUSTER M. 3D Numerical
modelling of steel corrosion in concrete structures [ J].
Corrosion Science, 2011, 53(12) : 4166-4177.

ZHU X, ZI G. A 2D mechano-chemical model for the
simulation of reinforcement corrosion and concrete dam-
age [ J]. Construction and Building Materials, 2017,
137.330-344.

DU X, JIN L,ZHANGR. Modeling the cracking of cover
concrete due to non-uniform corrosion of reinforcement
[J]. Corrosion Science, 2014 ,9.:189-202.

WK A, SRR TRABUER A5 MR 12 R R AN 1
WAL AR [T ] L R A e R
2012,41(3) :355-360.

[12]

[13]

JI Yongsheng, ZHANG Boya, ZHANG Linglei, et al.
Propagation of the corrosion layer and model of corrosion
distribution on the steel re-enforcing bar in concrete
[J]. Journal of China University of Mining & Technolo-
gy,2012,41(3) :355-360.

PEDROSA F, ANDRADE C. Corrosion-induced cracking:
effect of different corrosion rates on crack width evolution
[J]. Construction and Building Materials, 2017,133;525-
533.

SRAZIE, ALAE 1, 4. HH SR A9 A 45 5 | K TR B AR
PR IT LR A0 WAL - 55 R 4 [ BORL A BB
P2, CMGM, 2014 [ C. =20 =2 JH K52 A,
2014 :409414.

(%% HERE)



