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Damage Evolution and Life Prediction of Concrete in Saline Soil Based on
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Abstract: Based on the saline soil environment in Ruogiang, Xinjiang, durability tests were conducted on concrete
specimens with water cement ratios of 0.32, 0.35 and 0.38 under three erosion regimes, namely, sulphate solution
immersion corrosion (standard curing for 28 d ), saline soil corrosion (standard curing for 28 d), saline soil corrosion
(standard curing for 3 d). The evolution of the dynamic elastic modulus of concrete under the interaction of the erosion
regimes and water cement ratios over time was analyzed. Based on the dynamic change process of concrete dynamic

elastic modulus, a service life prediction model of concrete in saline soil environment was established base on Wiener
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process theory to quantitatively characterize the damage deterioration law of concrete. The results show that: under

each erosion regime, with the increase of erosion age, the damage degree of concrete is first reduced and then

increased ; in the final erosion period, the water cement ratio of concrete is negatively correlated with its damage

degree; under the same water cement ratio, the effects of sulfate solution immersion corrosion (standard curing 28

d), saline soil corrosion (standard curing 28 d) , saline soil corrosion (standard curing 3 d) on the degree of damage

to the concrete are successively increased ; by Wiener process theory, a model is established to predict the service

life of concrete in the saline soil environment, to quantitatively characterize the damage deterioration law. It can be

seen that the predicted life degradation of concrete is a 3-stage trend, and its trend is consistent with the deterioration

process of concrete in the test.
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Table 1 Cement performance index

C ssi
Flexural strength/MPa ompressive

Specific surface strength/MPa
area/(m’+kg ')
3d 28 d 3d 28d
330 5.5 8.7 28.1 42.4
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Table 2 Concrete mix proportions

kg/m’
Strength . Water
Water Cement Sand Stone
grate reducer
C50 150 465 764 1056 5.58
C40 147 420 850 1083 5.04
C35 136 360 832 882 3.60
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Table 3 Design of test conditions

Grop S Cuingmethod
Al 0.32 C35 Standard curing 28d 3% Na,SO,
A2 0.35 C40 Standard curing 28d 3% Na,SO,
A3 0.38 C50 Standard curing 28d 3% Na,SO,
Bl 0.32 C35 Standard curing 28 d Saline soil
B2 0.35 C40 Standard curing 28 d Saline soil
B3 0.38 C50 Standard curing 28 d Saline soil
Cl1 0.32 C35 Standard curing 3 d Saline soil
C2 0.35 C40 Standard curing 3 d Saline soil
C3 0.38 C50 Standard curing 3 d Saline soil
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Table 4 Major ions in soil near Lake Taitma and their
basic parameters

Ion content in water/ Ion content in soil/

Major ion

(mg-L ") (mg-kg ")
SOi 11 000. 5 23 000. 5
cr 760. 3 193.1
Mg*" 242.5 55.6
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Fig.1 Evolution of concrete damage degree for different water-cement ratios under each corrosion regime

FEJE PR T BRI AR B P R R IR L AR L
TKUE I AR i AR R S RN A A, an s (2)
JrR .

NS+ CH+2H—>NH-+CSH, (2)

RE R R P A SRR, A%
TR AR T I K AR B AR L R R AR DL R R K Ak 1 4R
PR =55 K2 AR B kS AL A A, an X (3) L (4)
FR .

C,AH,, + 3CSH,+ 14H—> C,A S H,, + CH
(3)
C,A+3CSH,+ 26H—>C;AS,H,, (4)

Wil 5 S I R AT, B0 AH SIS W o 32 T R R T B A
Bt % A3 T A B S BT B I A S o 7 g A AR S R
T 124 %61 R R 6 ik = g w3 SR AL R, O
AN FLBR 25 48, T BOR EE - b B A FLAR B D> FLBR
A VAR, o8 L P Lt ) o 5, 2 L R
Sk T B A Bl PR AR B A ok S 30 B R s
WM BG 0, 0 R 55 h = M RS 3G, S BOR BE 14
g3 LRE 7= A T I B g, > R A L BE B A BR B hr
AP R i A R AR 3 B i 2 e w2 A
JEH, i TR R 00 5 ik TR BB A o A AR A T
FE, 51 ETR BE A NS Ak, S Tk U X S S A R
i IR BE 5 R R BE 4SS T R 25 W 2R IR TR BE
B R RS FIEE, i T AS R KOS bR EE K

PRI K & R AEAE B 35 25 5 AE L3R 3P o B, kb
B R S B AN TA) , S B0 1R 0 o 1 6 16 ok vk i
EAE B E AR 22 57, D U7 45 8 Tl il B IR B 45
AR 2 55 7K LE 5t fAH G
22 AEBEMHREEIRE L RGENRN

H1 L1 RT3 AT A TR K M B AN [R5 ol 1 B2 T 9 TR
U5 - 0445 AR A < Y K A R B 7 TR 9 = 45
3 BE 3 By B VREE - 400 B R AR C1>
B1>Al,C2>B2>A2, C3>B3>A3; 4K & b N
0.32 JE i #3918 300 d i}, B1.C1 404 F IR EE 45
JEAr A AT S Y 1.89.2.66 4% , 76 B i 448, B1
5 AT AT IR BE A B 05 BE 1Y Je R AR X 22 E 3k B
0.06,A1.B1.C1 M4 T IREE - IF 1h i 3040005 19 )85 1ot
B 143508 270,210,210 d 5 47K I el 0.35  J inh iy
19124 300 d B}, B2 . C2 451 T TRBE -4 43 B2 43 1)y A2
AT 2.3.3.04% , Eph 4], B2 5 A2 X TR
BE 5005 B 00 B KA A 22 (35 5] 0.09,A2 . B2.C2 %%
PF IR BE 1 FF 4R 1 B 5 1 ok i 3 43 5 Ok 210
180,120 d; 24 /K & el 0.38 . Jf it % 31 &y 300 d I},
B3.C3 4 IR & 40005 B2 43 5 o A3 46140 T~ 11
1.74.2.91 4%, )& mh &3 B3 5 A3 &4 F IR %t - it
e KRR 228353 0.13,A3 . B3.C3 &4 F IR %
- T S BRARA  J k i 11 4353 R 180.150.,60 d.

ZE bl FE R R K R T 8 ol ) B o VR g



1196 @®mOs M

IR %526 %

B AL M L R . C>B> A M T 1 i i A
JE L B (C R TR BE 1 JF 45 0 B 1 5 ok i 1
B AR RR BE (B w0, ELE phol B C MR I IR
A0 10 ki B A e R R A R KRS BT S o
il BE CXF TR B+ 1Y 4 LR B S mm Ak
3 ET WienerBRHEBRLREFE
i T AR Y
Wiener it F2 2
FEF Wiener BEIE X §E + MR A& A5 (T) @455, m]
BT R AT BE 4t B v A e R R R E
TR EE T A VEDE 48 b5 BAT I8 2500 46 s i a3 R
FA BRI ) Wiener BRIE UEA T &4 WL (5).
X (t)=put+oWi(r) (5)

KX, () HIREE LRt bR s 0 WIEB S0 Y
S8 W (1) s Wiener i B2 e85 .>0.

[l 44 SCmk [ 25 M WF 5T, A4 Fokker-Planck
D5 T HARE 35 B eR B (00 £ )R

Gt
exp| — ; —
o~ 2nt 207t

exp(Z#?f)exp{(Ik ZDZ[i'UZ) } (6)
o 20°t
e IR AR B DR T A B (E

T E SRR R R

3.1

f(f}nl‘):

R,(1)=a Df_w)—eXp(Zﬂ?f)cD(_Df_m)
ot o o1
(7)
o @ () by & W BRE IE 2570 A pREL .
XT—EW)L#ﬁTﬁEEF A4S T 9534 sR 2L () FIAE
Fi)=1-R.(1)—a M)+
ot
2,41)[) Df,u)
ex — | @ (8)
p( o o1
D, (Df— )
f(t)= exp[z} (9)
Vst 20
3.2 Wiener 32 IB L EIE
T Wiener i #2 PRI, X F AN 6] TO0 T 09 7R Bt
538 AT I S o A B R R L 2 AN R T

NI EE LA B R P-P R KL R A A O R A
& 2 7k . R 280 WL, P-P IR ROl 5 7 v £ 2R B
BRI ROR R T 00T TR 05 B RS
Sy AR E M P, R SR RS AT, & T
TR B 1 400 003 B2 486 B (2540 A 1o 3 Ve P ALY K T 0.05.

AT UL YR BE - A5 05 B B RO E A 4 A, W] LLas
Wiener iof 72 B i8 XHE 8 1 47 I i $00
3.3 Wienerid 2I2it S8 {51t

FH Tk 23 %% 3 R R oy o 28 R R A, SR AR R AR
SRA T2 %t Wienerf;ﬁfii@qjﬁgﬁé%iﬁ'ﬁ]%ﬁ# o’

PEATAN T . 38 MR % R pR B TT DL 5 AR R R
@@L(ﬂ,d ):
) u 1 (Ax, — pAt, )
L(p,o")= exp[—z}( 10)
EM/ 20" AL, 207 At

2y REAKE s A, R TE [, 0 JIX ) IR
B IR AL =1 — 1.

X (10 ) B [ B 3% 250, SRAT: e, o™ B9 — i i 5
BT AR O, BV A o OB R LA R VL

ZI:AL
p== (11)
>At
i=1
ey (Sany
= Z(AAI[)Z* ) (12)
= Al ZAt,-

W AR AE A R) T A T R 4 4549 R Ak i
i A (11) . (12) 3 AT 545 T80 F ik 4 Wiener it
FEERIE I A S B 1, 0™, W 6 T/
3.4 ET Wiener 322 iL iR E L RIZF TN

FEF Wiener i 72 B a5 BT, 2k 2550 9 {R 2 40
REE L2 M At IE % TAER H 20 R 50 R
GB/T 50082—2009 #5 1 ] 1 - R & 1 i 2 280180 1y
TR BE - 20 3 M A5 2 451 S35k 4000, BITR B - 40 005 )&
SR B 0.4 38 3 7 37, Wiener i 72 FRIG 1R BE + iR
B 75 iy TN ASE RS Xf A [] T80 A TR BE ik R ok A7
IR £ 753 T

P 3 O T 15 - TN 7 i vl 5 32 o 50 M R
PR P R 3R, A 3K IR LA R, A [ J5 ok i
BT W TR B - T 5 i T S R pR A e A 0L H A
A B 5 22 1) F () A [, 52 803 B BB ) 728 Ak B < i
0] SR B AR RRTE 1.0 28 47, B B BE A IR 26 245 1k
ANWTRRER TR O - PN S 1 5 B A R PR
TR B BEIR BE A rp B R R A A AR L BE AR
J A INE F7 224 L A ok FL B A BR B P R g i TR
A s R IR BE LT AL IR EE LR
Jiz B A L IR A R s JR T SE R R & OB,
I B9 BB R A T AP G R 2 1 R T s AN [R) TS o ]
VR RE - TR i R A R R A0 4 n] 5 R R B
+ & bt B R A A — B



Hr11i RS 5 T Wiener i 72 BS99 31 157 1 v TR BE 453 403 8 £ B 75 A 0 1197
= z Z
Z 10 Z 10 Z 10
€ 08 S S 08 08t
2 0.6t o 2 0.6t 2 0.6 . >
% 0.4 9 é 0.4 ) é 0.4
=02+ ’ = 02f -~ 202
E op” 205 5 0= 20 E 20
3 1028 10 2 3 11.0 8
£ DDDDDDDDDDO§ & DDDDDDDDDDO§ g (0oaonnooum -z
g 0 02 04 06 08 1.0 = & 0 02 04 06 08 1.0 ™ E 0 02 04 06 08 1.0 ™M
= Measured cumulative probability = Measured cumulative probability Measured cumulative probability

(a) Al (b) A2 (c) A3
z z z
2 10 2 Z 10 Z 10 -
S 08¢ Y S 08¢ S 08¢
0.6t 0.6t . 0.6t
'% 04 r -% 04+t .% 04 - o
= 02¢F T . =02 T s 020
% 0 20 & % 0 20 & % 0 20 &
3 110 8 - 110 8 - 110 8
;o pannnononm g ¢ [MOOOAQOONM "5 ¢ ([MODOODOO0M © g
2 0 02 04 06 08 1.0 = Z 0 02 04 06 08 1.0 = Z 0 02 04 06 08 1.0 ™
- Measured cumulative probability - Measured cumulative probability - Measured cumulative probability

(d) Bl (e) B2 (B3
z z z
Z 10 Z 10 Z 10
S 08 S 08 . S 08 >
;0.6— o 2 ;0.6— > ;0.6—
= 04+ = 04+ ° e 04 r N °
202 ¢ = 02+ ] S 02F
g 0 20 8 % 0 20 8 % 0 - 20 8
2 110 2 38 110 2 38 110 2
g 0aononoonm,” g s WOOO00DOO0DODD, & 5 (DO0O0000U00, g
u% 0 02 04 06 08 1.0 ™ E 0 02 04 06 08 1.0 ™ E 0 02 04 06 08 1.0 ™

Measured cumulative probability

Measured cumulative probability

Measured cumulative probability

(g) Cl (h) C2 (1) C3
2 ANTA) BT R 6 L 40 0 B2 1k P-P ] R HORR A 5 [
Fig.2 P-P plots of incremental concrete damage degree under different working conditions and their frequency distribution
histograms
R5 REIBAGEMEESSOGEEZMNPE
Table 5 Significant P-values for normal distribution of incremental concrete damage degree
Al A2 A3 B1 B2 B3 Cl Cc2 C3
0.707 0.529 0.814 0.096 0.208 0.721 0.426 0.947 0.779
Note: Hypothesis testing within 95% confidence intervals.
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Table 6 Key parameters of Wiener process theory
Parameter Al A2 A3 B1 B2 B3 Cl C2 C3
X 10" 0.772 1.471 2.222 1.463 3.387 3.877 2.049 4.415 6.451
o x10° 8.852 2.386 3.932 8.521 6.576 8.122 6.847 8.320 5.013
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Fig. 3 Predicted life reliability function and probability density function of concrete
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