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The prediction model of concrete durability based on permeability
YAN Fei', WANG Rurjun', CHE Ming jie’, HE Xirr xing'
(1. Institute of Water Resources and Hydroelectric Engineering, X1 an University of Technology, Xi an 710048, China;
2. Heilongjiang Electric Power Survey and Design Institute, H arbin 150010, China)
Abstract: Through gas permeability test, water absorption test, and chloride ion erosion test of concrete samples with different
mix proportions, this article has analyzed the relationship between the chloride ion diffusion coefficient and permeability, estabr
lished a concrete durability prediction model based on permeability, and verified the model with a coastal sluice. T he results
showed that gas permeability coefficient, water absorption coefficient, and chloride ion diffusion coefficient would all increase
with the increase of water cement ratio; in different water cement ratio conditions, chloride ion diffusion coefficient would ir
crease with the increase of gas permeability and water absorption coefficient, showing a certain correlation between them. Just by
testing the permeability of concrete structures, the established prediction model of concrete durability can predict the service life
of the concrete structures. The model was verified and proven feasible with a coastal sluice. It has great significance in predicting
the service life of concrete structures in chloride environment directly based on their permeability.

Key words: concret ¢ permeability; chloride ion erosion; durability prediction model
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IREAT TR A AE ™ o IR IB B R
THABLAES NS KX P J5 10, PRk, YR At 1
VI MERE L S SR TR SRB R . H AT Ak
TBIEVERE I AVEWIT L2 BERAE T PIE Z I
KR, M H il AR B4, Y 2 U TR
TIBIENE RE L R AL 2 [8) TARSEM, S IARE,
FL IR KRS EVE R VP TR RE LI I AR AT
A7 o ASCIE W5, 2 M iR e W T R B
LB ENERE 0 (R0 R, S He 1983 RE 1) TR Bt
e ACESTIARE 2, O A SR I T R 4 R TR
ELRAAS & AL A A7 5 280 e

1

1

1.1 KIeHAHEOREE £ A a b

IR K H PP Ze i /K et )~ P. 052 5R 7K
KO DR FHTE I EL ) O Ry 2K 1 RER FH T4
KAt 5~ 35 mm )RR BT ; ek 7K R FH 14 22 1T 41
AT SRR v Ik /K 5 51 AR FH = il 2
AR 2505 [R5 R W H ok K. TR g T
HH AR KK LG T A Bl T el . TR
28 d P S I E I, VR e A b K e e
* 1.

Tab. 1 The mix proportions and mechanical properties of concrete
TREE AL T
. X 28 d T
15 i/ iy W/ il wr son sk AR e v,
(kg* nr?) (kg* m?) (kg* m3) (kg* m3) (%) (%) (%)
A 300. 00 150. 00 592.36 1211.18 97.50 0.03 0.8 0.40 39.4
B 266. 67 150. 00 608. 13 1 234.97 86. 66 0.03 0.8 0. 45 30.0
C 240. 00 150. 00 620. 74 1 265.01 78.00 0.03 0.8 0.50 28.0
D 218.18 150. 00 631. 06 1 269. 59 70.91 0.03 0.8 0.55 26.3
E 200. 00 150. 00 639. 66 1 282.57 65. 00 0.03 0.8 0. 60 18.2
1.2 XAHIAERGRIE 7 ik X, PIAESARIEIE ) [F] 7 B AT, (H 20

I AEIE LA FLRS Sy 300 mm, & 5 100
mm; ?100 mm, 5% 50 mm B PR EE 3 F, TR
BT 24~ 48 h ) HEAT R, T4 56 ok il A
JRNFRAE TR 3R B R4 28 d, FR 47 R 45 1 72
20%5 °C, XL FHIFE 95% BLL
1.2.1 AESEENH

SARBEME R K H Autoclam H 27832 L
WA W 1o M2 AT, Rl A HE T 2 a2
SRZETE 2 O 5 mbar, X W WO 19 22 9k 0L,
B ptrdsk ok, B BIAHEAT 15 0 el U R R
AR,

1 Autoclam

Fig. 1 Autoclam permeability tester
1.2.2 BRMENRK

WK MR R Autoclam H 272 3% 1k 1A

TR — /NI o ARG K S, BEKEE A Bk
P, TR R 8 s 2 KA R BAE 20 mbar. 3 FF
BRI, i JJ7K A Ay s BB A R, RIS GRS S
I AR Bk 3, 7K 2R S 5 G 4 it K s O 45
R ] AR, AR 15 23 B, s BBhd SR
SU1R] FRIWR KR, A5 3 R O K
1.2.3 A8 TRERE

WK RCM 7%, W56 B LA 2./ 3. i
- EAR ?100 mm, &% h= 50 mm) VLK 4. RCM
BETHE S TR R IE, /A BIafEH TR
BT MIBE) ORI . a1 i, i
i o SRS 1R - R B ISR OC R, 19 B T
R

2 RCM
Fig.2 Schematic diagram of RCM tester
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IR 1 2R BB K K LU AR AL AR e LT
FAHARAT WK 2% Bt 7KK BRI R TR K

2
Tab.2 Gas permeability test results of each concrete sample
45
53 Fil
A B C D E
0 534 511 509 509 506
1 517 465 392 339 422
3 RCM
Fig.3 RCM test pot 2 452 444 336 245 393
3 433 424 291 180 348
4 416 406 253 136 317
5 400 389 222 108 290
6 385 373 218 86 264
7 371 357 204 70 241
8 358 342 192 57 221
9 345 328 180 47 203
10 333 315 170 39 186
4 11 321 302 160 33 170
Fig. 4 The chloride ion erosion test piece
12 310 290 150 28 156
1.3 XL RHEELS s FHE 13 299 278 142 25 143
(1) 5 BB RH, TR AR B 14 w o m a o
LR R, 5 H B 28K ) B E T "

Hh2k, Bk e U B 2ol A s BB PR 3L, FABEERE 0.036 0.041  0.057  0.074  0.088

{724 Ln/ min.
(2) WK R B B Ak I 1 7
R R, JLRR D WA PR B Wiy '

Jmino
(3) A BTV RS SR 10 HEATHE, 0
AAX(1) (2) Pros.
DMMzz.gnxlo‘TMW”la ki) (1)
a=3.338x107 JTh (2)

A Drew S TR () ) s h R PEE
(m); T A BE AR PR A VT 4 P e 2% 3k B2 (1)~ 234

(K) a0 080 T F 2 ORI (m) s ¢ 2% 3 1 4 >

Fig.5 Relation between gas perm eability coefficient

Al (s) 5 @ A%l BhAR o and water cement ratio
2 3
Tab.3 Water absorption test results of each concrete sample
2.1 ARBE MR WK
FARA B E NS KWK 2, B 504 s 15min/ll KPR K 10)m? Jfmin

182 182 0

FALAMEE B BN REBIACOKLE AR,

190 1952 0.557

Py %, 25 2 P B B VE AR BB /K K LR 1K

204 7502 2.308

2.2 BKHERR,

A
B
ﬁ!ﬁi j(c C 186 5663 1.732
D
E

196 8101 2. 500

BARA R A PR 25 2R WA 3, 1 6 45 4l
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6
Fig. 6 Relation between water absorption coefficient

and water cement ratio

2.3 ABT124RRE

FAHRAE B TP B R EOTH LR 4, %41
PEFT AR B T AR AT Q 75~ 2. 96 2
. MR 5, A B WAL P50 T At N
0 2%, C.D WALFUA B T AN 0 2%, E A His 5
T ANER O G AVCRIT BB T MRS I
IKFRIG S, 5% 5 R+ 508 T30 3% R MOt
A, T 5 R U £

4
Tab.4 Calculation of chloride ion permeability

coefficient of each concrete sample

24151 T/K X4/ m ts  Drenl (% 1012m2 * §1)
A 292.50  0.0194 604 800 1.22
B 292.25  0.0210 604 800 1.33
C 292.15  0.0272 604 800 1.74
D 292.95  0.0253 604 800 2.21
E 291.85  0.0454 604 800 2.96
5 (RCM )

Tab.5 Grade classification of chloride ion resistance of concrete

based on chloride migration coefficient (RCM method)

iH
Ei3
Drey /(x 10712m2 = g1y JREEL TR A KSP e =0

N \ 4.5 7

0 \3.5<4.5 A

0 \2.5<3.5 L3g/as

0 \1.5<2.5 33

0 <15 TR

Bl 7 D9 A L U T IR SR 7KK L) A2
AR o BT, 8 ALl Sl 13 1SR kit K
VAL PNIIE DN

7
Fig. 7 Relation between chloride ion diffusion coefficient

and water cement ratio

(1) HE TV MRS RBEE RN R.

W E BT R SRS RO
Heym (i el &, UL 8, WIE L, AN RIKIK LR, %
YRR BTV R b BB M R B K
HEOR, HSZe MAH O, SRR CR N

yi= 32. 046X — 0. 0051

R*=0.9716 (3)
Kty IR E AU T R R < 107 m?/s);
X, ARG ARBIE M R Lo/ min); R® SH4HC
EY

(2) & T R BEGWKME REWE R,

TR BT YRS K RECRE Hi
i Zeih &, W 9, W H, ARIZKAKLE T, % 43
PEE BT B R BE K R B oK ok, B
22 WA, 2 TR N

yi= 0. 1716X: + 0. 0183X.+ 1.2 (4)

R*= 0.9553

A X IR K R B x 10" (m®/ Jmin)) .

8

Fig. 8 Relation between chloride diffusion and

gas permeability coefficient
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9
Fig.9 Relation between chloride diffusion coefficient and

water absorption coefficient
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75 B e SR FEE 2 PRI ek - S (8 P A 1
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Fick 5552 HH AR 1) G087 3 B0 AN BE I 7]
AL S SE A . B IR ELS, Y £ 2
FUT o FLHEATRIE T O R R B R R %%,
(5) Bt 7ms

Clx, t)= Co+ (Cm CO)[ - erf{#ivwmﬂ
(5
K Clx, 1) Rt W2 x IRBEAL I IR EE Co
SR LIRSS P IREE; € N 3R TS0 11 ik
& Do b — Rk BgR ok 28 d I A 2 RS,
P R0 PR s TR, A SCHR 7 d; oo Ay B 3 T 1) IR
P e G5 K R R (R I IRL: me R B B 4 1 AR B
$), m g IR R R AL O R WX 1 R
B m AHAE 0 25 225, XT38 0 R R 1) 1)
mHAEQ 6 FE s erf (z2) MRz BRE.
i beQRrE e, B SR I Rk e , gk vl
DA SR H &5 ) 5% i3 IF ) e, A 390000 9k € - 1 A
Ffir o PRI 2 I A R EORE AT A T
T3k (1 VR 48 T &5 0 1) S0 Il SRR B KM AE b
Q 105%~ 0 150% . {H& O BT B~ sl & 1 1l
FRuk PEAE R BRI AR M AN g A
BT A A
© 96+ K IRHR

4.2 EZ AT HEMR G RE AR
MARA

HVR 5 SRS T HUR H5 1505 TERE 100G R T
FOnlEH, AR, @S9 R = <
B RE K AR TR R, LR o A
KW, i He bk 5 Br v #0A A HL AR E I
FASGHE, AT ST LAZS B35 R R 5 oK P R 0k
F FRITES 5% 1 i A ot DA 7R

HRE AR AR R 1, 4545 A (3) (5),
A (4) (5) AL LA BB T RELL K
PEZRECh Fabr (PR &E 1 A AL, ans(6) .
(7) B -

C(x,t)= Co+ (Cs— (0)
1= erf = n (6)
L 2 b(32. 046X ,— 0.0051) (10/1)"]

C(x,t)= Co+ (Cs— (0)

o s et

2 J0.1761X7+ 0.0183X v+ 1.2)(10/1)")
(7)

4.3 RAINE

B K IR R TV AR M T, %K
T 1998 4F 4 H o KIF AL, 195 5. 0 m, AW ]
BV i 50 2 m’ /s, %KM M 1998 4EEE i IR
%5 350 dJ, 1] B SRR TR g - S ol ™ o ViR L
RS

AR V] SECA B 5 TR T b A, TRE AR 2
J& 35 mm, /KK LR 0. 5, Z FAR SCAS R K LR <
M35 37 DR R AR R 25 5 13 ¥ BiE R
¥ 0. 057 Ln/min, W KYERECH 1732 x 10
m®/ Jmin 5 56T 35 0 A F VR B8 - N 1) 58 Rk R 8
m AH— AR 0. 6 Aida, ARSCHL 0. 684; 1% /K [t T N
FH 24 M 3 SRk BRI 1, #oR et TP dh & T
WS Co L0, BERESA B TR N C= 1 90% it
KIS, 0 LR AN (6) KX (7)., mTLL T
FIMRAES 350 d Ji I HBCEA f87 2 1 A i) S5 - I Sk
FESY 54 0 25% 0. 236% .

SCHER[ 20] K H Monte Carlo v 3E4T AN [A)Ilf S
SRS TR BER (08 400 A P TR T, vl 45 51 mr 45
YR B b R S B TRIAE 3 000 d AT B, IS5
BITIRIELE 0 12% ~ O 18%; 44N 4] 55 N 1) 7
1000 d ZcAq IsF, I 5t 508 1k FE 3B A Q 06% o
Fio FIFIASL G LA SIS B REU K PER
Bk FERR AT i AP PRI ASE TR S BT A5 IR A
5 350 d Jim ] SR 2 1 A ) SR 1 I AT R 40 il
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HQ25% 0. 236% 5 SCHR[ 20] H 4 RAH W& o
FHUE AT 0L, ASSC N7 (1) 36 98 08 1 e 1 TR 4 L A
PESIAETY S AT AT

5

MR IR 7T, AT TR B AR TR L
BB 2N KR, A T3 FBE P REN TR
B R AR FUEIASE 2R, 9 DA 2R it K Tl T 2 451 %
P B BEATIGAIE, #5340 LUK 4518 .

(1) B EME R BOK YR B T
FHBEH KK LER IR Ko AN K EEARs
T, HE TR BB MEAREL ROKYE R
H o O, BB E KA SR

(2) A SO SN T2 B TERE 1 TR L i A
TR A, UG AT e 45 s B VR RE AR, B
TR AR A Al T A s DA I K ) R
0%t Prdst R AT S0 A, R IR R AT .
NLHE TVBIE MERE AR L T A LRI 2R 0] A 50 1
TIREE NI RRE 45 R T RERE EAE AT B P T
DAL AT i AT 2
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