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The initiation time for reinforced concrete members
under chlorine salt erosion and climate
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Abstract: The initiation time for reinforced concrete (RC) members were researched along coast under
chlorine salt erosion and climate. Based existing chlorine erosion life model, as temperature and relative
humidity were considered, the initiation time for RC members were calculated. Then the probability dis-
tribution of the initiation time was given for RC members along coast in southeast china by using simpli-
fied probability analysis. The results showed; (1) The effect on initiation time from relative humidity
should not be ignored; (2 The factors, such as relative humidity influence coefficient f{,, , chloride ion

diffusion delay coefficient m, chloride ion diffusion reference coefficient D ;, and concrete cover thick-

ref 9
ness X, had more obvious influence on initiation time. This would be useful for structure strengthening,
maintenance, and remaining life prediction.
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_ _ Table 2 The monthly average relative humidity of five
(Cc Co) [erf(i—l) erf(i) } (8) ¥ 8 ¥
EF' ‘ cities in southeast China %
X A A B C D E
erf ;| = erf( )
4D [ (1 = 1)30.417 — 1] 1 86 71.7 75 76 76
(9) 2 88 76. 8 79 79 78
3 86 79.5 83 82 80
exf ;= erf( X ) (10) 4 85 810 82 83 81
4D, (i30.417 = 1,) 5 84 81.7 84 84 82
K, Do s i N HEE AR R 6 83 81.8 85 88 86
Mi=18f, C (X, t,) N 7 82 80.5 82 84 83
C(X,,) =C, +(C. -Cp) - 8 85 81.8 82 82 83
Y 9 85 78.8 78 81 83
1 - erf ( ) (11)
[ 4D, (30,417 — 1) ] 10 83 72.2 71 77 80
s ’ 11 80 68.4 70 74 77
1.3.2 ¢ a9 frad a2 12 81 67.1 70 7 75
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(10), 8 C(X,,); HEC(X,1,) = C, fF1k, I
ARG ¢ B AR EE 25405 S 4o
1.3.3 ¢, 3 54 DIIRE AR R, 3R
P BT WRIHFD T 5 5 IR T TR 5 1= 4548 Sk 9]
M S IR L AR AT A T TR
T EER) 1 B TREEEMEKIKEE N 0.5, m =
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Table 1 The monthly average temperature of five

cities in southeast China C

Ay A B C D E
1 17.7 15.4 12.5 8.0 4.9
2 18.7 16.3 12.4 8.5 6.0
3 21.8 19.0 14.6 11.4 9.5
4 25.2 22.7 18.7 16.3 15.2
5 27.4 26.0 22.6 20. 8 20.2
6 28.5 28.0 25.8 24.6 24.0
7 28.6 28.9 27.8 28.0 28.1
8 28.1 28.7 27.6 28.0 27.8
9 27.2 27.7 26.0 24.9 23.7
10 25.3 25.3 23.0 20. 4 18.7
11 22.3 21.2 19.2 15.5 13.0
12 19.0 17.0 14.6 10. 4 7.2
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Table 3 The influence coefficient f, ;) of monthly

average temperature

A A B C D E
1 0. 89 0. 80 0. 69 0. 54 0. 46
2 0. 94 0. 83 0.68 0.56 0. 49
3 1.09 0.95 0.76 0. 65 0.59
4 1.28 1. 14 0.94 0. 83 0.79
5 1.42 1.33 1.13 1.04 1.01
6 1.50 1.47 1.32 1.25 1.21
7 1.51 1.53 1.45 1.47 1.47
8 1.47 1.51 1.44 1.47 1.45
9 1.41 1. 44 1.33 1.27 1.20
10 1.29 1.29 1.16 1.02 0. 94
11 1.12 1. 06 0. 96 0. 80 0.70
12 0.95 0. 86 0.76 0. 61 0.52
T[] 1.24 1.18 1.05 0.96 0.90

1) A—ifg 1, B—3RIN, C— ], D—J N, E—T

1) A—{fg 11, B—3II, C—JL 1], D—ilf M, E— T
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Table 4  The influence coefficient £, of monthly af( D In M af(h) , (#)
average relative humidity . 2 ‘ 2
(atb ) (oy)” + (a—t ) (o0c)" +
A4 A B C D E axi, aC, |,
1 0.91 0.38 0.50 0.54 0.54 at; : dt; g
(2 ) Coe)? (2] ) (o) (15)
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S os om os  om om  CUREURSIN WL BRI
6 0.82 0.78 0. 89 0.95 0.91 W5 S W BT RR E 454 ¢ R A . &
7 0.79  0.73  0.79  0.86  0.82 BEHLAEHE Doy my S Say s Xv Cov C il G 1Y
§ 0.8 078 079 079 0.8 AR R 0.2, 0.1, 0.07. 0.22. 0.083. 0.25.
9 0. 89 0. 66 0. 63 0.75 0. 82 0225[]00 (g‘{t‘:zl_w%ﬁ:t COZO.O, E&,ﬂ.&& CO E/‘J
10 0.82 0.40 0.36 0.58 0.71 RSN = e
AR 0.0) o HESHER, HHARILES
11 0.71 0.28 0.33 0.46 0.58 9
12 0.75 0.25 0.33 0.39 0.50 -%&9.
HE 0.85 0.59 0. 64 0.70 0.72
; ; \ ; RO 5 0 o BERERIEED
1) A 11 B—IRYI G—J1T, D—iiM 5 B LRAAHERT S

2 HT AR R -4 ¢ oA

2.1 BERRLTEN ., WBEZERY
Scik [15] @il @O REELE5H « PR
JFE PRE R T E o3 A i g, sl (12) s, H
Ha =In (ti)’
exp{__[ln(t) —a]

207
= 0 12
Ju R S
o R BORHETT 2 @ FTIBHLAS KR

Ir AT AR 50% 5 ) ¢, JERENLE R Do m
S~ fap~ Xo €L Gy R Gy i, B
L; :f<Dref’m9f(T)’ (h),X’CmCmsCo) (13)
X (13) FERELAS B o B E T Z AT -
ot;

L =Zi+ﬂ (AD,) +6 (Am) +
ref I'm m
at; ot.
= (Afipn) + ——| (Afu) +
af(T) m f<T) af(h) m f(/)
Wl axy + 2] ac) +
aX m S m
ot; ot.
—=1 (AC,) + - (AG) (14)
th 'm 0lm

A, o, FoR B o PR )5 300 5 i
X (13) FEREHLAS B S E R ¢ 1975
215

2 ( dt;
o, =
oD

2
2 Jt;
) (000" % (2

)z(am)2 +

m

ref Im

Table 5 The probabilistic characteristic value

calculation of ¢; in Haikou City

BEHL 5

e ME AR o SR . i

AL B

D, 1.193 0.1193 5.37 -1.549 0.20 0.137
m 0.524 0.0524 9.73 7.817 0.10 0.168

fon 1.240 0.1240 5.45 -1.371 0.07 0.014

S 0.850 0.0850 4.53 -4.175 0.22 0.610
X 50.000 5.0000 9.48 0.077 0.08 0.101
C, 0.500 0.0500 5.87 -1.916 0.25 0.057
Cy 0.037 0.0037 6.88 17.024 0.20 0.016
c, _ _ _ _ _ _

% 1.103

a=1In(6.46) =1.866 o =1.050
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Table 6 The probabilistic characteristic value calculation

of ¢, in Shenzhen City

Vi =%
fg ME R L SR ;‘;& 2z
D, 1.193 0.1193 9.33 -1.628 0.20 0.151
m 0.524 0.0524 17.75 8.567 0.10 0.202
Jn 1.180 0.1180 9.50 -1.493 0.07 0.015
S 0.640 0.0640 9.50 -2.753 0.22 0.150
X 50.000 5.0000 16.50 0.075 0.08 0.097
C. 0.500 0.0500 10.33 -—1.848 0.25 0.053
C, 0.037 0.0037 12.25 21.101 0.20 0.024
Co — — — — — —
7#E 0.693
a=In(11.33) =2.427 o =0.832
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Table 7 The probabilistic characteristic value calculation

of ¢; in Xiamen City

i =1
Eg WE OME L RSN ;; T2z
D, 1.193 0.1193 9.42 -2.317 0.20 0.306
m 0.524 0.0524 17.75 6.814 0.10 0.128
S 1.050 0.1050 11.67 -0.593 0.07 0.002
fm 0.640 0.0640 10.50 -2.624 0.22 0.136
X 50.000 5.000 0 16.50 0.057 0.08 0.056
C. 0.500 0.0500 10.33 -3.685 0.25 0.212
C, 0.037 0.0037 12.33 -1.966 0.20 0.000 2
Cy - - - - - -
FE0.840
a=In(12.42) =2.519 o =0.916
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Table 8 The probabilistic characteristic value calculation

of ¢; in Wenzhou City

i =1
Eg BE ME L RSN ;; fhiz
D, 1.193 0.1193 9.67 -1.576 0.20 0.141
m 0.524 0.052 4 19.33 9.630 0.10 0.255
S 0.960 0.0960 10.17 -1.433 0.07 0.009
fm 0.700 0.0700 9.83 -2.451 0.22 0.142
X 50.000 5.0000 17.50 0.081 0.08 0.113
C. 0.500 0.0500 10.67 -1.792 0.25 0.050
C, 0.037 0.003 7 12.83 25.612 0.20 0.036
Cy - - - - - -
HE0.747
a=In(11.67) =2.457 o =0.864
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Table 9  The probabilistic characteristic value calculation

of ¢; in Ningbo City

BEHL 5

s B R o RS 2 T2
D, 1.193 0.1193 10.50 -1.515 0.20 0.131
m  0.524 0.0524 20.58 9.393 0.10 0.242
S 1.050 0.1050 10.67 -1.568 0.07 0.013
fuy  0.640 0.0640 10.58 -2.705 0.22 0.145
X 50.000 5.0000 18.58 0.078 0.08 0.105
C. 0.500 0.0500 11.58 ~-1.657 0.25 0.043
C, 0.037 0.0037 13.75 24.035 0.20 0.032
C, - - - - - -

J7%  0.711
a=In(12.58) =2.532 o =0.843
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Fig. 1 The probability density function at five cities
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Table 10  The variance and sensitivity of ¢,form the influence factors
RE H il ] i T
Sk I I} 1] I I 1] I | 1] I I 1] I I I
D, 0137 12.42 @ 0.151 21.82 @ 0.306 36.42 @O 0.141 18.90 @ 0.131 18.43 @
m 0.168 1523 @ 0.202 29.19 @O 0.128 1523 @ 0.255 3418 @O 0.242 3404 @
fin 0014 1.27 @ 0015 217 @ 0002 024 ® 0009 1.21 @ 0.013 1.83 @
Sw 0.610 55.30 @O 0.150 21.68 @ 0.136 16.19 @ 0.142 19.03 @ 0.145 20.39 @
X 0.1001 9.16 @ 0.097 14.02 @ 0.056 6.67 (& 0.113 1515 @ 0.105 1477 @
C, 0.057 517 & 0053 7.66 & 0.212 2523 (@ 0.050 6.70 & 0.043 6.05 ®
C, 0.016 1.45 ® 0.024 3.47 ® 0.0002 0.02 (@ 0.036 4.83 ® 0.032 450 ®
C, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
fWZF1 1.103 100.0 0.692 100.0 0. 840 100. 00 0.746 100.0 0.711 100.0
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