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Abstract : Chloride ions can peneirate into concrete under chloride salt environment, destroying the passivation film of steel
reinforcement and triggering the corrosion of steel reinforcement. Diffusion is the primary mode of chloride ion transport with-
in concrete. The chloride ion diffusion coefficient, the most frequently tested and characterised parameter, quantifies the mi-
gration rate of chloride ions within concrete and serves as a crucial indicator for evaluating concrete durability. In this paper,
the testing methods of chloride ion diffusion coefficient of concrete at home and abroad are reviewed from the aspects of tes-
ting time, applicable strength grade range, testing accuracy and suitable scenarios, the advantages and disadvantages of each
method are analyzed and compared, with the correlation between the relevant testing methods established, to provide guid-
ance for testing and evaluating the accurate reflection of resistance to chloride ion penetration of concrete. The results show
that the natural diffusion method has high reliability and is suitable for life prediction based on Fick’s second law diffusion
model, which is commonly used in the durability assessment of important projects. The ASTM C1202 method and NEL meth-
od have short testing times and provide highly distinguishable results for evaluating the chloride ion permeability resistance of
concrete, which are commonly used in concrete mixing ratio screening and quality acceptance. The test results of the RCM
method are more in line with the test results of the natural exposure conditions. The chloride ion steady-state diffusion coeffi-

cient measured by the ACMT method can more accurately
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Table 1 Comparison of test methods for chloride ion permeability of concrete
. . Scope of . .
Method Reference standard Testing indicators Experiment ?:;r?gzttlizll application App llc;bizrsz(:nanos
(concrete strength) 8
- . Lifespan prediction, mix
Natulral AASHTO T259"3" | Chloride lon concentration Several o, Concrete with design  screening  and
diffusion NT build 4433 depth distribution months Fick’s second law various strengths  long-term durability as
ui . - -
method in concrete cesoment
GB/T 500822024/ Average chloride fon Nemst-Planck iy momining o5
RCM NT build 49203 * penetration depth and 6~96h eqbuation €30~€70 gccepi]an(’e fervice
ui P - >C e, e
diffusion coefficient life prediction
. Correlation between
3 . .. . . .
ASTM C1202 ASTM C1202 ) Conductivity electrical conductivity €30~ C50 Mlx fiemgn, quality mo-
AASHTO T277 and pore structure nitoring and acceptance
in saturated concrete
Mix design, quality mo-
S e : nitoring and acceptance ,
ACMT — Chloride fon diffusion Nemst-Planck C15~C80  dumability design and
q general service life pre-
diction
. . Mix design, quality mo-
NEL CCES 01—2018[3¢ cfr{flitcrtlfvai 5~8 min Ner:s:i;zrsltem C20~C100 nitoring and acceptance,
Y q durability design
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Permit — Chloride ion 5~10 min Nernst-Planck C15~C80 nitoring and acceptance,

diffusion coefficient

equation . .
non-destructive testing

3.1 BRYEUE

IR B S P L P 3 DL A — o 00 5 S 19
BUOREUN T, EAET Fick 55 U, WD RR BE 1
FERER T AR RO H 2T RINY B gk S8, X AP Js
TEBLL T A ARERSE vh S T A TR B L AR, RPN R
BE L AVER BT B, SCRITENE 1 PR, SRR
e @ PREREE LR — DTy R EE W, HAH
PIPRAR G % B AT (LA s T 207wt A @ Kl
AR AR WA PSR EBE MR, © %
Rk i PR A B PR 2 IO, M R A5 )2
ARG @ FHREE TR AEL T 25 88 T K PR iR
T, UERERIT AgNO, THE IS E TR © T

HETHIESRAGIER R RIL, #R45 Fick 2 —E /A
Filtse/ NS AU A S TR L P A R AR
ZITERERCA . O TR [ AR EREE T B
BT R, BT LLREAS $R B O RS SR T NS O
@ SR T B AT R R, B R A T T S R A i
B, AL . OSSR, S R

SHALETAT @ LRABRER, WREANE,
@ KA RAREB K, R AR BOEAFAE— LR R
P, AR R — T T VAL TR B 4 2540 7 S ER R85 v i A
PRI BT . AR HIOE I T 4% ol ik 32 2 1 ) T B
b, JUHGE R AP AL AR TN, R T E
BRI ANE AL

B ASRY ORI, (o) REELRIE, (b) &e 7&K

Fig. 1 Natural diffusion testing: (a) submerged concrete, (b) test of chloride ion content
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Fig. 2 Schematic diagram of the experimental set-up for RCM method >
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Table 2 ASTM C1202 standard for concrete penetration levels

Electric flux/C Permeability Types of concrete
>4000 High High water-cement ratio
2000~ 4000 Medium Medium water-cement ratio
1000 ~2000 Low Low water-cement ratio
Emulsion-modified ,
100 ~ 1000 Very low internally sealed,
silica fume concrete
<100 Tgnore Polymer-modified or

other impregnated concrete
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Fig.4 Schematic diagram of the experimental set-up for ACMT method ¥
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1-copper electrode, 2-organic glass, 3-salt-saturated concrete,
4-direct current, 5-current meter

5 NEL %9505 R e
Fig. 5 Schematic diagram of the experimental set-up for NEL method!®’
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Table 3 Evaluation criteria of concrete permeability by NEL method

Chloride diffusion

Permeability Permeability

coefficient/ .
(107 m2/s) grade evaluation
>1000 I Very high
500~ 1000 I High
100~ 500 I Medium
50~ 100 I\% Low
10~50 \ Very low
<10 Vi Ignore

W FLAR AR A N 5 B X T R RBTRBE £, v LIS B3N
e ARG B MRS 5, TRy 4507 SR Ak 3 R skl
IR 3 Pl BRI L P B RE, 45 R RCM %
B GE 3 8 BB EREY/NT 2 mm, ML B S
£, ASTM C1202 &M AY FLE F 25/ T 100 C WIEEE T
B, HA NEL R 3 PR EE 25 REFR K, BiE
PR G W H S A RAMEVIA . NEL LA R Z b2 .
© W XHRE 4 th B 220K i, (AR EE 2 2 LA,
B 220 BLs f ER AL BR AL HE LLGA B sE R AR S @ Ml
RS T SRR, MRS B m L S h
PEREROAERIEE, DIRZE AR ™ O IR T
PEREET, EE R EE TR 1, AFFE SRR
0L @ PR A TR Ak FR R SR FH o v J3E G Ak 2 B
FEFRIMAMTAER, 5 Nernst-Einstein J5 72 H 45 %
WS T2 ST B sl X —BRIEAAT
3.6 Permit ik

Permit #£ & Basheer %5 3% T4 25 o i 5% 19 52 46
JRER R T EE Y, AT B IR TR A 1 e A R
(Anfabh) i R 2 EE T 9 W 1, AR T R 25 4 Bt

fi, EHTIEEE LR 2P AE T B E R, R
ST ARG S R L SR T YRR B 2 K
RS, A AN 2 32 B FL IR b i s T 2 A0
THYEEM , Liu Z0°0 i FH Permit 38198 T A A 3590 05 vk
FE R AN TR A YRR, 4
RPGTYBERB BRI IRER RO R, YRy
B, K REE, TREE KA R, 8 3 3
PR TR R R PO R BL/INILAE 3 i I 5 B
e R TR, 152 G0E Tk B 5 i R 2 (] 1
FCFR, BT B E VAR TR BN R R A
SLUHRE, IFH Permit X3 B3 IR EE AT, IF
BT 9 [ M R RES BH 5 O TR BE - iDL S B 8 B R R
WE 6 TR, Permit 3 B F3F B A i 03 75 1 92 1 %
AL, MERAS A 2 DAL EN RO ERE, NESA
0. 55 mol/L 1) NaCl RN S MBAML , A2 ih e 45 251
JKHRUICRRSN B, SIS 60 V U, ARYE =T
WS R AR OC R, TR TR BB TE A5 Bk B -1sf [ ity
2, PRI ) I EE T R
kT 1V de

Preos = 70 4 UC & )
K, Dy NE TV BERE(m*/s); ky H Boltzmann
WH, 1.381x1077 J/K; T N4XHEE (K); Z, WE T
WEL, Z=1; e, A FHE(C); [ 47 M A% ] B
(m); ANEREER (m®); VISR (n’); U
NGRS T (mol/L) 5 € HE SR T IE (mol/
L); de/dt AREEARAEARE (mol/ (L +s)) .

Bl 6 Permit 1Sz (%)

Fig. 6 Experimental set-up for Permit metho

d[59]

Permit 355 HABI U B0 LA LU s @ 928
B/ NGERAE, RAEDTE, SR EUE S TR @ W
TR SE LA BRI, L 45 F LA 23 3 A At
IR, BB 45 K 7 i O B (AR ) M EE A,
MHRFEE ™, 0 T PERE IR BE L S AMB 1B 5 R TR BE 1
WREPRHEIE , HBATELU T AL O AR
AR B — A S AR UE A RE L T S5 P T



55 43

2 g, REELYURE TR EEREII T ki ST R 347

2, @ X TFBETYB AR L, MRgs 5 M EmL
PERIMER A FEiE— 2005 B M IR & 3R )%
15 mm, MELMGIN N FRMERE ; @ WA 30 19 508 T8 8
ZHOA A ST EIATARME RCM ¥: PT84 2R ot <7 e
KFR; & ToT T S TR T R 2 ] Y R 5
R, X0l e BB AR E
4 BELHMEEFZEEEMKAFERNE

X

Sy TN G e A T ARG, P&
SEFIAT T IS ML, R 4 B85 TSR
i B AL a1 B E NG E PO Wl = S [ BU N1 s'ak
5y, {f ] Permit 35 A1 RCM #3187 AS [F] 52 i R 6 VR E
TEBE T BER, SRR D, <2.5%107% m*/s
fF, RCM 71 Permit 5 i G255 14 # R ECE A AHCHE,
MERER AN D, =D, HH0.2597<k<0.3068, 7
MZEPER RN, RAZ S WA E KR HA D, =
0. 3Dy 0 BXAIHEE TSR RCM 2 M Permit 37 IR
WE9E, RN IEOK L | B AR e R i R 2E Y
CRRBE R R 485 ) 2 R B, 13 5] Dy, = 0.281 +
2.808D,,.. MIKAR,

X RCM 35 F e 38 B vk, Bl 2607 R B TR 8

BEYEREE L, FCeR RS EE TV R AR
b, R RCM i A E ik IR T K R R
0.5, ZliKUeiREt + K&y B MM@EH(1:1, Fisth) 2%
30%HTRE LA E T BB, SR IR, A3
BRI ZHI IR N Dy =0.00350-4. 262, HABN X F
H Doy =0.0021Q-0. 491, 1 Dy J&H RCM 75
B TP RS, Q 2 HE EIEINK 6 h i B &
R E AR ST R B YR A R R 2 R A
Brgktkoe &, Hreaia 3000 C Mo,

S BIFSE He 3 R NEL k22 R HI O, 5 i
R RIZK e b A TR 358 R ATk, 25 SR8, X FAIK
K TR EE £, 2 b Es br (R A TR
B0 Z IR BRI, ASCERAT 5 1 K TR 1
BRI, MR, BT R I AR TR 1
MAB T AN SRERZRMLER, FREH, §
WBERF AR KIS AR, HAKR A A —i
FEL P9 1 v R O U T R A o LA AT
FIARSENE, T/ SR ASTM €1202 #: A1 NEL 323
W FF 405 AP SO R B 1 £ 24 346 i K YR 6 A A bR 1Y
WAETFBEN, BRI A ASTM C1202 % 5
NEL JEMER S5 FA M R AT, ARG AR

F4 EBERIMEBEFEEMaNIKAENEXE
Table 4 Relevance of test method for resistance to chloride ion penetration of concrete

Method Scope of application or type of concrete Conclusion Ref.
Dot =kD
Do <2.5%107"% m%/ Permit RCM » 64
pemit o k=0.2597~0. 3068 [64]
Rl():ivrln?::d Strength grade C30 or higher under natural curing Dy e =0. 3Dgen [65]
Factors such as water-binder ratio, admixture type and dosage, Do =0.281+2. 808D, .
and formwork type (steel and wood) ReM = ’ Permit [66]
Low water-to-binder ratio No correlation [64]
Water-binder ratio=0. 5, concrete without admixtures D=0.0035Q-4.262
RCM and [68]
ASTM C1202 Water-binder ratio=0. 5, blend 30% of mineral powder and _
o ) D=0.0021Q-0. 491
steel slag powder with 1:1 ratio
At the threshold of 3000 C electric flux Exhibits a piecewise linear relationship [50]
Low water-binder ratio High correlation [69]
High water-binder ratio Low correlation
ASTM C1202 The mineral admixture type is the same, the cement type
" J NEL is the same, and the water-binder ratio High correlation [70]
an is within the range of 0.25 to 0.3
Low-shrinkage ductile fiber-reinforced High correlation when no cracks occur, (71]

cementitious composite concrete

low correlation after cracking
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Fig. 7 Selection criteria for test methods
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