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Chloride Permeability Evaluation of Concretes in Marine Environment

LIU Zhen
(Naval Logistics Academy, Tianjin 300450, China)

Abstract: In marine environment, complex environmental factors such as temperature and dry—wet cycles accelerate the transmission
process of chloride in concrete, thus affecting the durability of concrete structures. It is of great significance to strengthen the research
on the durability evaluation of concrete in this special corrosive environment. At present, a single index (i.e., chloride diffusion
coefficient) is usually used to quantify the influence of environmental factors on the durability of concrete, which cannot
comprehensively reflect the influence of environmental factors on the chloride ion transport process. Based on the Fick second law,
we derived an analytical solution of the total amount of chloride ions entering the concrete from the diffusion flux, as the accumulated
content of chloride. For the cumulative content of chloride, the quantitative index 'l value' of concrete chloride permeability was
established, and then the comprehensive evaluation method of concrete durability was constructed when the two typical marine
environmental factors of temperature and dry—wet cycle were concerned. The influence of environmental factors such as temperature
and dry—wet cycle on the | value of concrete was analyzed. A linear relationship between the 28-d apparent chloride diffusion
coefficient Dyg and the maximum monthly average temperature T,,,, and a linear relationship between the age coefficient m and the
annual temperature difference AT, were revealed. Subsequently, a simplified calculation formula for the quantitative index | value of
concrete chloride ion permeability with respect of effects like dry—wet cycle and temperature was proposed. This formula is suitable
for evaluating the influence of complex environmental factors (i.e., temperature and dry—wet cycle) on the concrete chloride
permeability.
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Table 1 Material and performance parameters of concrete

Cement During time/d Density®/(kg:m™)

28-d chloride diffusion coefficient **/(m?s™)

Initial chloride diffusion coefficient/%
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Table 2 Monthly average minimum temperature and maximum temperature from January to December in four typical cities

(2011-2022)

Month Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Oct. Now. Dec.
Qingdao Minimum value/C -1.7 -0.3 3.5 8.5 14.2 18.5 22.7 233 19.2 13.2 6.5 0.1
Qingdao Maximum value/C 3.1 4.8 9.8 153 20.8 23.9 27.0 284 25.5 19.4 12.5 4.8
Daishan Minimum value/C 3.9 4.5 7.7 11.9 16.8 20.9 245 25.1 21.6 17.6 12.5 5.9
Daishan Maximum value/C 8.5 9.4 13.2 183 23.0 25.8 303 31.0 26.9 22.6 17.7 11.1
Fuzhou Minimum value/'C 8.3 8.8 11.5 15.8 20.0 23.8 26.0 25.5 235 19.4 15.7 9.8
Fuzhou Maximum value/C 14.8 15.8 19.4 24.0 27.5 31.1 344 335 31.0 26.5 22.0 16.5
Haikou Minimum value/'C 15.3 16.4 19.6 223 24.8 25.6 253 25.1 245 227 21.0 16.4
Haikou Maximum value/C 20.3 223 26.3 29.5 323 335 328 32.0 31.0 28.4 259 212

R3 AEHX 4 PR EENNR, HIRERFIREQ2011~2022 F)

Table 3 Annual average temperature, diurnal temperature difference and annual average temperature difference of four

typical cities (2011-2022)

City Annual average temperature/C Diurnal temperature difference/'C Annual average temperature difference/'C
Qingdao 13.7 5.6 12.2
Daishan 17.0 5.4 10.6
Fuzhou 21.0 7.4 9.2
Haikou 24.4 6.4 5.6

3 ATRUHABTAENRALAS
FTHEEEMAARS SR IFN

31 FREFFENRAAETRENHM
Meijers 2£CUBFSLFRYT, W X T 0655 4 14

TN ) E TR U T A R AR LA

RO o (EAH R BR BRI R PN, BT L
XU X VR FEE MU AR VG B S5 35 18 . Balestra 250777
A Yu 2P R B IR B B T AT Y T B 5
Zs, 48 IR T 7 sl A B i i i VR
BT B A RmABTIRE. F5 b, &AL
MR E L, BT EKEERE, HROERS



« 2850 - QeI )

J Chin Ceram Soc, 2023, 51(11): 28462856

2023 4

TP, R 2R TR AR 2 TR LR A
Koy MR, 4WAr Bk S EORE K,
BYTKAE A T & B TR L, WS
HUE SR Z (R AR P

U0 RGBT, e B PSP L E T IR B R
(24 h, BWEHE). BHTREA:15, 313, ...,
13:3 15:1 £ 8 MFRE)M L, WA T FREXT
RE RS PRI . g5 RRY, Tetixt
RE AR E PR EE, TR,
A TR ER N, RARTEHE AN 15:1.
R R, HiRE LR A —er, REERnT
JERIFA] &7 b Rp PRI AE FIR 3% . B Rp
#n, RMAEFIRE CHE K. Cb Rp 1948
AT AR A F Bk B T AR Ik

C,(Rp) = (C,s —0.405)e™®Fo=09575) 1 0,405 (16)
A Rp T HRIFE] b, BITHR A tp 5 R Rt
[ t 2t Co NI ARITRREL(15:1, i F-Jg i 8]
7 b Rp 2 0.937 5) T VR - 1R TH SRS T FE (%) »
B 13184, Hodr, TRa] 5 H Ry AR Rpw
Z AR AN Ro=Rpw/(1+Rpw)-
32 BREMNRASBETFI HMABAENM

Mangat 25T 7R B, B S0 T B R B

HENEE T BABCFEERRR, JFHA
LA AR
[ Dy (rydr
D(t)=°f (17)

e Dins N &S T3 RS

Hdr, D) RRN:

D(t) = Dy (?j (18)
. Dy NIBEET 28-d EMEE TP BREL, 5
B BB PR IR A%, m IR L)
RH, GiRE T MBIRZ ISR R A L.

B RARNRAT7)Fx XL TR S, 7T
RHBEN S TV iR RIA A

D, (1) =D'(t)- t+ D(t) =(1-m)- D, (%) (19)

s ts RO)RIR(17), 7T L3I HE I R S 1
FUWEE TP HAREERE LA

DT (t) =

j(;Dins(riTref)'eXp|:U[ ! ! J:|dr (20)

R Tref - T(r)
t

A Dty AR t B R R ) R W
ABTY AT, FEEENLE, HTRET Z
B AR, ERAR T W R T A &
(1) R 4
3.2.1  IREE -SSR IR 1) 5 e i}
o, A0Sk BRI H B TN E R 2 A
5 S AN [ R AL (IR e A T R 1~12 A AE
— A K TR RE AL A T G R AR BT Ak 1 A
BN T UG IR A Ay, TR AU LR IRAR H 4 % Vit 1
AETBEENEW . BRI 4 DR R E
A RARN R 4)FATHUE T 5, 15 2R 511
A 1R 2R W S T HCR B BE T 46 kA H A (1 A2 4L
wE 1 TR

AT DL I, 4 A3 T TR T 1 1) R RS T
RERIE — SO UEREARSE TR
& IS TA)AH [E] B, AN [A] 7 $52 \AS FH 1R R o - 25 44
HEWAB TV HAREAF, MR LSRN
3 FH BT A A 138 n, JRE LM RN EE T
BAR B R S 0 S B B 5 s I 5 i B R) 3
ENGIER PR GE FN F RNy e o ey Ik - o
B R B 1) 1) 2 SRR . fESEFEI AIAE] 160 d
Je, MR FEEAAE R, AH b TR Al A AR
IR EE 450, 4 A2 6 A 0 2 TRt 1 450
HENEE T HREER . XATREEH TEX
JUN B iR e a5, BiESwBA
Hig 6 Htr & 8 A MM KRS, TEEMHBAAM
MBI G B Bl 2 B 2= s R A, KR 7
REE LA S BB, WMnE 7RG L4541
MH. ik, 7EHAXEMEFEEL T, hEd
A HH A I T 5 A A 48 IR A H A BRI R
BT ELR A, M VR T A A PR A
322 FERERWARNE S TI BRI A
K& UIHT AR, IR TR A T AR
Wk AR RA RERW, mRAFRAREE LS
R G LM M IR dr . B0 6 A0 FFaa kA%
PR EE 50, Bl 2 AT HRWEE 7 iR
B bE A A A2 . ANE 2 T BURIL, (12)
T TR 2 R s R RS T
AR AR S R o A EL T SEI0 AR IR BT R IR
Wkt 1S B 25020 T, m=0.36), 4 MR TR EEL
RS R m AR AR 3R, TR EE 18
IR SR Z A %, AR 22 8 K 1 30 T VR 6
(R (@ NS



5551 &5 11 ) X R NIRE LA S T BE TN .+ 2851 -

(a) Qingdao

(c) Fuzhou

(b) Daishan

(d) Haikou

BT AR FE I 1] (40~3 600 d)iREE L 120 SUR T4 BICR BObt TR SONERTIN H 10224k

Fig. 1 Apparent chloride diffusion coefficient of concrete with different exposure time (40-3 600 d) changes with the starting time

of concrete service
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Fig. 3 (a) Relationship between 28-d apparent chloride diffusion coefficient and the maximum value of monthly average

temperature; (b) Relationship between age attenuation factor and annual average temperature difference
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Fig.4 Change of chloride permeability quantitative index of concrete with different dry—wet ratio (1:15—-15:1) with the service time
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Table 4 Chloride permeability quantitative index of concrete with different dry-wet ratios

Dry-wet ratio Rpw 1:15 3:13 5:11 7:9 9:7 11:5 13:3 15:1
Proportion of drying time Rp 0.0625 0.1875 0.3125 0.4375 0.5625 0.6875 0.8125 0.9375
Quantitative index of chloride permeability | 1.00 1.07 1.17 1.31 1.50 1.76 2.13 2.64
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Fig. 5 Change of chloride permeability quantitative index with (a) service time and (b) annual average temperature
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Fig. 6 Change of chloride permeability quantitative index
with the starting time of concrete service
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Table 5 Monthly average minimum temperature, maximum temperature from January to December in Zhuhai area and

corresponding characteristic temperature

Month Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Oct. Nowv. Dec.
Minimum value/'C 12.6 13.7 16.3 20.4 235 25.5 259 25.8 24.8 225 18.4 139
Maximum value/C 18.6 18.9 21.5 25.4 28.9 30.8 32.0 31.9 30.6 28.4 24.4 20.2

Annual average temperature/C
Diurnal temperature difference/C

Annual average temperature difference/'C
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Fig. 7 Comparation between the numerical model results and
the simplified formula results
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