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Corrosion-induced cover cracking of reinforced concrete under combined
chloride and sulfate attack
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(1. College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China;
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Abstract; To evaluate the durability of reinforced concrete structures in marine, salt lakes, etc. , this paper
explored the characteristics of corrosion-induced cover cracking under combined chloride and sulfate attack by
experimental and theoretical analysis. The reinforced concrete specimens were exposed to 5% NaCl, 5% NaCl +5%
Na, SO, solutions with electric field for degradation acceleration. The visual appearance of concrete and corrosion of
reinforcement under different conditions were compared. Moreover, an accompanied experiment for concrete
deterioration was designed in analogy to the cover deterioration, and the mechanical properties of concrete were
analyzed. The results showed that in presence of sulfate, the concrete cover appearance altered before cracking; the
" white whiskers" under the single chloride solution disappeared while efflorescence existed on the surface of the
concrete with sulfate crystallization. Furthermore, the presence of sulfate also extented the time before corrosion-
induced cracking. The corrosion level of the reinforcement under the combined attack was lower than that under the
single chloride attack, and both were much lower than the predicted value by Faraday’s law. The crack width was
linearly correlated with the corrosion level, and the presence of sulfates increased the development of crack width
with the corrosion level. Under the electric field, the compressive strength of concrete increased at first and then
decreased, while the tensile splitting strength reduced with exposure time. An empirical formula for the tensile
strength of deteriorated concrete was proposed. The effect of filling rust products in the cracks was taken into
account based on the classic model for corrosion-induced cover cracking. In addition, the effect of sulfate was
considered in the tensile strength of concrete and corrosion current density. On these bases, a time prediction model
for the corrosion-induced cracking of reinforced concrete under combined attack was established, and the validity of
the model was verified.
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Fig. 1 Dimensions of test samples
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Fig.2  Accelerated corrosion test by electric field with constant
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Fig.3  Evolution of visual appearance of the reinforced concrete samples
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Fig.4  Evolution of average width of corrosion-induced crack
with power-on time
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Fig. 6 Evolution of corrosion level of reinforcement with power-
on time
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Fig.9 Effect of the central titanium sheet on the failure mode of concrete
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Tab.3  Compressive strength and tensile splitting strength of concrete under sulfate attack with electric field
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1 2 3 ¥ 1 2 3 i
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6 42.83 50.95 47.21 47.00 4.77 4.87 4.54 4.73
12 44.28 53.95 47.71 48.65 4.75 4.37 4.58 4.57
TR
18 46.71 47.45 45.11 46.42 4.61 4.25 4.36 4.41
24 44.45 45.76 41.41 43.87 4.08 4.35 4.23 4.22
30 38.08 41.03 42.44 40.52 4.27 4.07 4.04 4.12
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Fig. 10 Corrosion-induced cracking of concrete cover

ORI 22 R B, T i e TR B R AR i k8 6, , 2.
W A5 = R AR T B R 7 R AR R T 45
8c:6r_61_60_6f (9>
.8, M=, S, g = e M e P
SRR |6, AN T b R R
WHRIF 2R EE - VI M B AR e, =28,/D, 545%
STEEE W= mDe,, U5 BN EE KT AV, = We/2,
I
_AVC _We ¢
@D 2wD D °
wWE 10(b) Frs, $ 507 4 BEARFR A 22 DL,
(BRI (o = |
T T ST D42(5,-8) - (11)

P, P, 4
N N~
[/ A E R N

T m Ry A B A A 5 T ™ ) B A 5 R B G
AN 0 ks p, MRS p W NI p, =
0.5p.3m, =ym,,y HGYEHENEE /R (0. 523 ~
0.622) ,FEHUIAME 0. 573, "] 15

(10)



158 - 72 (S D A = = %56 &

6":(%_80)&?D (12) f,f,il(t)dt c(L+v+¢)(D+25)(c +D)1‘( ) =6
G 1 5 55 A T 69np. £, S =%
nE D* (16)
T280(1+v+¢)(D+28,) (c+D) i (o) S AR o R R T o A AN A T R

28,E D (13) A Ta]
(I+v+d)(D+28,)(c+D) K(16) WG H TR AR EMIFE, TR
3.2 E[EFBREL SN0 AT Ak 3 B 8] T AR B EREHY SR A 5E M Sk [5,7,27 - 29 ] Bt 56

1B E I SR R B 1 5E A e A BB PR , RIR
i o AT EZ N CIE A B Bee 2 WA B O 7N =B
., B, BRI

oo =ﬁ%c (14)
K (14) A (13) 1R E IR 2 il )y 7
nEerDz
80(1+v+¢)(D+28,)(c+D)
28,E..D 2¢
(T+v+6)(D+28,) (c4D) ~ D" (15)

X AR R TREE L HTRISR AL Al
(15 ) KA LT B0 317 85 b 5 45 B K 24 ], {H
EAARMT , SRR A7 e AR EE PR, 5
M 590 A3 5 et A R, SR (15 ) 3K o JE ko ] 4
75 e

UE RIS HOOT RS RN 4 Pos, HABB R 2
B v =0. 18,8, =20 pm, e, =2.35, i Z il
B )2

1) B SCHR K 22 SR FH 38 F o o 40 47 45 i i 3
FB, v AW ¢, Liu #1 Weyersm R B I
AN, 5 T RSN AT 2% ¢,

D)X T RIS (1) =fo. HTRIZ
TREE 1A PEREXE LUARAS | SR FH A1 i J65 ol ) TS o £
RGP EE AT RAE £, (1) %20 (5) T8, i
B R S TR R 1 S Tk 25 AR s

3) BT ik 2R A 5 ok AR G I TR i B AR
HSAH , 22wk [ 28 ], AR (1) 18 TR 8 Tl 3
WL IR — S ER R v A A A
i A TE AR DA S BB RR R () 52

x4 REETAKREEIXEES BEX L
Tab.4 Prediction and test values of time to cover cracking
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Lo ' ' ' ' ' '
1.79 16 70 25.2°% 3.15° 31 010.4 35023.6 12.9
5% NaCl 62.1° 16 42 30.2° 4.32 567.0 530.6 -7.8
A3
5% NaCl +5% Na, SO, 46.0° 16 4 30.2° #£(2) 624 647.0 3.7
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