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Damage of concrete subjected to sulfate corrosion under dry-wet

cycles and alternating loads
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Abstract: Aiming at the problem of the damage of concrete in salt-rich areas, the self-developed
equipment was used to simulate the environment of concrete subjected to sulfate corrosion under dry-wet
cycles and alternating load. Ultrasonic nondestructive testing, pore structure analysis, chemical analysis,
and stress—strain testing were used to analyze the macro and micro performance degradation laws of
concrete damaged by sulfate erosion. The results showed that: The alternating load has a greater
acceleration effect on the sulfate attack of low—strength grade concrete. The alternating load increases the
content of harmful pores in the concrete, promotes the transmission of sulfate ions, and accelerates the
sulfate corrosion reaction of the concrete. Based on the stress—strain curve of sulfate—eroded concrete under

dry-wet cycles and alternating loads, with damage as a variable, a fitting equation for the relative peak
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stress and strain of sulfate—eroded concrete with the damage degree is proposed.

Key words: road engineering; dry—wet cycles; alternating load; sulfate attack; concrete; stress—strain

curve; damage degree
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Table 1 Concrete proportion and performance

W K/ (kge KW/ W/(kge WA/ HURMR

31 m?®)  (kem?) m?)  (kgm °) JF/MPa
C50 145 518 506 1281 54.2
C40 202 505 593 1150 43.8
C30 193 357 691 1159 33.6
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Fig.1 Test device for sulfate attack of concrete under

dry-wet cycle and alternating load
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Fig. 2 Schematic diagram and loading spectrum of

attack test device
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Fig.3 Relative dynamic elastic modulus of concrete

subjected to sulfate attack
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Fig. 10 Damage degree of concrete with different

strength grade varies with age of attack
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Fig. 11 Stress—strain curves of damaged concrete

under dry—wet cycle, alternating load

and sulfate attack

fir 2 AE FH T 32 6 R R A= o YR R - R X 0 1 )
OB AR ) a1 3 A2 A DG R AL, DL 12 Fn A 13

M 12 7] LLF B & 505 B 38, AN TR
SHR 85 A6 TR B I W L T B R A A2 B R
2], AN [7] 5ik B 25 9 TR B 1 0% W (B 1Y A
PEE AT SO B 4 R — B, AT IR Y T 5 i
1 B S48 B £, €30, C40 I C50 TR B + 10 40 1
AT A R ) 56 ZR = WL (6) (7)(8)

I 61exp(—— 2 )+ 0.45,R'=0.93 (6)
7 .6lexp 29 19 45, .
S D 2
—=0.38 —— )+ 0.7,R"=0.81 (7
P exp( 13.68) (7)
/! D ,
—=0.22 ——— )+ 0.8,R°=0.95 (8
R exp( 5.19) (8)
L& = (50
13 LR
—
e R e €30
11
. 10f
s
0.9
08} -
EESIR
07} TRl
0.6} "
05 1 1 L 1 1 1 1 1 1 ]
-10 0 10 20 30 40

DI%
12 MBANEEEASHHENXER
Fig. 12 Relationship between relative peak stress

and damage degree

E13 MBENEEETSHRGENXR
Fig. 13 Relationship between relative peak strain and

damage degree

M 13 AT L 1R 85 - A9 451 0 BB, Al
X U L 17 8 A, o Y I 2 5 0 B g 84, i 5
PR IS ke B 2 T 40 22 A 5% 7 aed R P B AT AR B
SCHY R R 2 B A (B R B R R
S B, R A TR R AR 5 b T o 5, I
£ S (R IVAG S DO (N DO N S EN VAV SR K ]
JERIRBOC R, C30,.C40 A CHO TR BE 5 i 5
R T W L A2 OG220 3 WL X (9) (10) (1)

/
C_

D
5 — 2 4dexp(———)— 1.38,R°=0.87  (9)

I 330.6

ié: 0.18exp( b )+ 0.84,R*=0.95 (10)

€. 31.43

e D .

o 0.06exp( 1356 )+ 0.95,R*=0.82 (11)
3 4 1

(1) 58785 faf 488 1 VR 6 4 7 2 46 42 Tl 3K
Wil 5 5 B 5 9 R C50 FEAIR & C30, 28 48 fry 20 /E
RECRART 33% , Wl & TR & b5 5 10 3 K, 5848
A 8% YR W - T ok B TR 1 o AR FH % R AR

(2) TG 52 R G ERS KT
BB+ A FELE &, N E TR R Rk, [
A 78 uf 2 8 7 Tl TR B v DR B DA ST AR
HEIE ARSI W kR N B AR W AR R,
T I E T A7 TR 44

(3) 12 vk 18] 2 360 d B, 52 74 fuf 2 7 FH F IR
Wk R PR R 50 mm, B R AR B T R AR K0
0.25% , 1 JC ff 2% A I A TR E + 12 1k B8 Ry 45
mm, B TR 2808 0.09% o 24 A 4 n A
2 AR fif B B R AR S (R ok ik B RN IR B Y
BN, 22 AR g 2% B T B R £ 6 R BE 4 00 4= ik



1120 - THXEFF

# (T F ) % 53 %

HE
()1 T IRAE IS5 AL fr A TR, A [ 3
S R B AR R 1R T A 3 R T R 3 B 1 A e
W/ IR o R g 810 360 d i, C30 R &+
B0 B e CH0TR%E + 1. 78 % o iAr 5 IR B + 4
e AR R BE T 5 32 B R A IR AR I T AR R 1=
LEEii

(5) MR A8 MR AR 5 | 52 728 i 8 LB 1R 6 4= b A
P 32 45018 B L 10 g - 78 i £, LA s 2 O 8
TP T A2 B R AR Tl TR B b AR X W (EL R )
O A8 i A58 3 B2 A A B9 400 O

S % 3 Bk:

[1] Zhao G W, Guo M Z, CuiJ F, et al. Partially-ex-
posed cast-in-situ concrete degradation induced by in-
ternal-external sulfate and magnesium multiple cou-
pled attack[J]. Construction and Building Materials,
2021, 294(3): No. 123560.

[2] ZouDJ, QinS'S, Liu T J, et al. Experimental and
numerical study of the effects of solution concentra-
tion and temperature on concrete under external sul-
fate attack[J]. Cement and Concrete Research, 139:
No. 106284.

[3] kM3, RIER, Wt % . T H R R R

AR B HO R BE B aE MR s (0], v A
4R, 2021, 34(10): 155-165.
Guan Bo-wen, Wu Jia-yu, Chen Hua-xin, et al.
Test of coverage rate of residual mortar om recycled
aggregate and its influence on permeability of conrete
[J]. China Journal of Highway and Transport, 2021,
34(10): 155-165.

[4] Liao K X, Zhang Y P, Zhang W P, et al. Modeling
constitutive relationship of sulfate—attacked concrete
[J]. Construction and Building Materials, 2020, 260:
No. 1191902.

[5] RMESC. 2284 48 5 6 BR 6 8 b AR F R /K PR TR E +
PEFF AL D] Va4 K2 KB A2 Be , 2012,
Guan Bo-wen. Study on the fatigue damage of ce-
ment concrete subjected to sulfate corrosion and alter-
nating stresses[D]. Xi’an: College of Highway Engi-
neering of Chang'an University, 2012.

[6] Chang H L, Jin Z Q, Wang P G, et al. Comprehen-
sive resistance of fair-faced concrete suffering from
sulfate attack under marine environments[J]. Con-
struction and Building Materials, 2021, 277: No.
122312.

[7] Wei Y M, Chai J R, QinY, et al. Effect of fly ash

[10]

[16]

on mechanical properties and microstructure of cellu-
lose fiber-reinforced concrete under sulfate dry - wet
cycle attack[J]. Construction and Building Materials,
2021, 302: No. 124207.

XuF, Wang SL, Li T, et al. The mechanical prop-
erties of tailing recycled aggregate concrete and its re-
sistance to the coupled deterioration of sulfate attack
and wetting-drying cycles[J]. Structures, 2020, 27:
2208-2216.

Wang K, GuoJJ, Wu H, et al. Influence of dry-wet
ratio on properties and microstructure of concrete un-
der sulfate attack[J]. Construction and Building Mate-
rials, 2020, 263: No. 120635.

KM, ik, REF, & B EIEN T HROGR
BE b GO T AT O [T]. M RER, 2018, 21
(2): 304-308.

Guan Bo-wen, Yang Tao, Wu Jia-yu, et al. Chlo-
ride transport behavior of damaged concrete under al-
ternating load[J]. Journal of Building Materials,
2018, 21(2): 304-308.

Ren J G, Lai Y M, Bai R Q, et al. The damage
mechanism and failure prediction of concrete under
wetting-drying cycles with sodium sulfate solution[J].
Construction and Building Materials, 2020, 264:
No. 120525.

LiJ P, Xie F, Zhao G W, et al. Experimental and
numerical investigation of cast-in—situ concrete under
external sulfate attack and drying-wetting cycles[J].
Construction and Building Materials, 2020, 249:
No. 118789.

Zhang J R, Sun M, Hou D S, et al. External sulfate
attack to reinforced concrete under drying-wetting cy-
cles and loading condition: numerical simulation and
experimental validation by ultrasonic array method[J].
Construction and Building Materials, 2017, 139:
365-373.

Yu D M, Guan B W, He R, et al. Sulfate attack of
Portland cement concrete under dynamic flexural load-
ing: a coupling function[J]. Construction and Building
Materials, 2016, 115: 478-485.

Yin GJ, Zuo X B, Tang Y J, et al. Numerical simu-
lation on time—-dependent mechanical behavior of con-
crete under coupled axial loading and sulfate attack
[J]. Ocean Engineering, 2017, 142: 115-124.

Gao J M, Yu Z X, Song L. G, et al. Durability of
concrete exposed to sulfate attack under flexural load-
ing and drying-wetting cycles[J]. Construction and
Building Materials, 2013, 39: 33-38.



%48 KX, T RARL LT 8HAF A T 5 L AR 42 MR 3R 45 - 1121
[17] Liu F, You Z, Diab A, et al. External sulfate attack [24] Cao T, Zhang L., Sun G, et al. Simulation of chlo-
on concrete under combined effects of flexural fatigue ride 1on transport in concrete under the coupled effects
loading and drying-wetting cycles[J]. Construction of a bending load and drying-wetting cycles[J]. Con-
and Building Materials, 2020, 249: No. 118224. struction and Building Materials, 2020, 241:
[18] Swamy R N, Tanikawa S. An external surface coat- No. 118045.
ing to protect concrete and steel from aggressive envi- [25] Xiao Q H, Li Q, Cao Z Y, et al. The deterioration
ronments[J]. Materials and Structures, 1993, 26 law of recycled concrete under the combined effects of
(162): 465-478. freeze—thaw and sulfate attack[J]. Construction and
[19] #HalE, M, KR . 3 A9 57 fof 200 B% i i A ) Building Materials, 2019, 200: 344-355.
AP B R [T] B TR A% Ak 4k, 2014, 36 [26] SCPESC, XM, R, 4. 2L T2 045 45 i 1R 5t
(11): 53-57. b R AR B T AT O (D) Bk R Rl 4, 2020, 39
Chang Yan-ting, Tian Feng, Zhang Zhen. Dynamic (10): 3169-3174, 3183.
fatigue loading effects on the impermeability of differ- Guan Bo-wen, Liu Jia-nan, Wu Jia-yu, et al. Trans-
ent parts of concrete pavement[J]. Journal of Wuhan port behavior of sulfate ions in concrete with attack
University of Technology, 2014, 36(11): 53-57. damage[J]. Bulletin of the Chinese Ceramic Society,
[20] Sahoo S, Mahapatra T R. ANN modeling to study 2020, 39(10): 3169-3174, 3183.
strength loss of fly ash concrete against long term sul- [27] Chen Y, Liu P, Yu Z. Study on degradation of mac-
phate attack[J]. Materials Today: Proceedings, ro performances and micro structure of concrete at-
2018, 5(11): 24595-24604. tacked by sulfate under artificial simulated environ-
[21] Tkumi T, Cavalaro S H P, Segura I, et al. Alterna- ment[J]. Construction and Building Materials, 2020,
tive methodology to consider damage and expansions 260: No. 119951.
in external sulfate attack modeling[J]. Cement and [28] Nie L X, Xu J Y, Bai E, et al. Dynamic stress—
Concrete Research, 2014, 63: 105-116. strain relationship of concrete subjected to chloride
[22] b Al REE . SRR IR BE (M. db 5t rb [ kE and sulfate attack[J]. Construction and Building Mate-
H A, 1999:38-43. rials, 2018, 165: 232-240.
[23] Li T, Wang S S. Modeling diffusion coefficient of [29] Liao K X, Zhang Y P, Zhang W P, et al. Modeling

sulfate ion in concrete using probabilistic approach[J].
Construction and Building Materials, 2019, 215:

435-446.

constitutive relationship of sulfate—attacked concrete
[J]. Construction and Building Materials, 2020, 260:
No. 119902.



