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Abstract: In order to study the stress-strain relationship of concrete under sulfate environment,
the uniaxial compression experiments of concrete subjected to drying-wetting cycles in the 10%
Na, SO, and 10% MgSO, solution (mass {raction) were carried out. The effects of sulfate solu-
tion types on the peak stress, peak strain, elastic modulus and stress-strain curve of concrete
were investigated. Furthermore, the mechanical property of the damage layer of concrete was
analyzed. The results show that the stress-strain curve is flat and then moves to the right with
the increase of corrosion time. The rising step of stress-strain curve rises slightly, and the
curve is concave when concrete is exposed to the MgSQ, solution after 300 d. The peak stress
decreases slowly in the early stage of corrosion time, and then decreases rapidly after 240 d.
There is an initial increase in the elastic modulus of concrete, and then follows by a steady
drop. The peak strain shows a rapid increase trend after 240 d, and the peak strain increases
faster when concrete exposed to MgSQO, solution. Through regression analysis, the uniaxial
compressive stress-strain curve equation under sulfate solution and drying-wetting cycles was
proposed to fit the test results. Moreover, the stress-strain curve equation of the damage layer

of concrete was also obtained.
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Fig. 2 Relationship of peak stress. peak strain. elastic modulus and corrosion time
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Fig. 3 Stress-strain curves for concrete
[16] cx=¢/eysy=0/fp3 [ose
D) ( ]. ) 1) sA b
, 3. _ @
ax+B3—2a)2x*+(a—2)2* (0<a<<1), sl q N/
y= X (I>1 ) ( 1 ) ) ) ’
b(x— 1)’ +x - )
3 - .
Table 3 Parameters of rising and descending stage of stress-strain curves
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Fig. 4 Comparison of fitting and testing stress-strain curves for concrete
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Fig. 7 Relationship between peak stress of concrete
and peak stress in damage layer
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Fig. 6 Calculated stress-strain curves for damage layer concrete
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Table 4 Parameters of rising and descending stage of stress-strain curves for damage layer concrete
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/d 0 240 300 360 240 300 360
/MPa 46.913 0 44,788 0 41.204 0 36.514 0 43.265 0 37.959 0 34.912 0
/1073 1.640 0 1.730 0 1. 800 0 1.910 0 1.770 0 1.850 0 2.010 0
ar 2.210 8 1.696 0 1.620 7 1.318 1 1.598 8 1.089 5 0.8350
by 1.3519 2.052 0 2.501 0 2.588 7 2.243 1 2.590 6 2.878 3
b
b b
’
9
7 9 (6). 4 -
f/p =17. 764760'038/P . (6) ag b[ ’
48 = Py n . ag
a7 , 360 d 62.2%,
f 42 ag 40. 4%. b{
=
:}39 s a s
36
360 d ’ bf
“3 L i L L J
38 40 42 44 46 48 17.1%  30.2%. [16] \ a
f,/MPa
7 . 1. 5<a<3. O I’}
1. 1. 300d 360d

1. 089 5



a,b

72 46
0.8350, 1.1, 6 , s
s 360 d
- ag/a,
bf/bo t
Nag S()4 ’ ’
%=1—5. 027X10 *t—1.623X10 "7
0
5 7 ’
b—‘:1+o. 0019242, 077X 10 %2, ’ ’
0
MgSO4
%21—2.662><107'1t—4.216><1076t2 s s
0
: (8)
b’—‘=1+o. 00212+2. 986X 10 "2,
0 b
8 ’ b b ’
1.0
0.8 -
Sk o
0.6 W, —240d
S "’-._‘J 300d
04} § ."'-., - 360d
02 e
3
{a) w(Na:;SO,)=10% (b) w(MgS0,)=10%
8 —
Fig. 8 Fitting stress-strain curves for damage layer concrete
5 b
D) -
300d [1] s s
, ) [M]. : . 2012, 200-
202.

2) [2] BASSUONI M T, NEHDI M L. Durability of self-
consolidating concrete to sulfate attack under com-
bined cyclic environments and flexural loading[J]. Ce-

120 d , 240 d
ment and Concrete Research,2009,39(3):206-226.
; [3] GAO Jianmin, YU Zhenxin, SONG Luguang. Durabil-
’ 240d ; ity of concrete exposed to sulfate attack under flexur-
’ 240 d al loading and drying-wetting cycles[ J]. Construction
’ and Building Materials.2013,39:33-38.
3) [4] . . .

[J7. ,2009,17



73

(5]

(6]

7]

(8]

(9]

(1):77-84.
QIAO Hongxia, ZHOU Mingru, HE Zhongmao, et
al. Research on performance of concrete in sulfate en-
vironment[ ] ]. Journal of Basic Science and Engineer—
ing,2009,17(1) : 77-84.
L1

,1991,21(4) :89-95.
CAQO Shuangyin. Mechanical properties of corroded
concrete[ J . Journal of Southeast University,1991,21
(4):89-95.

’

(. 52008, 40 (4):532-
535.
LIANG Yongning, YUAN Yingshu. Constitutive re-
lation of sulfate attacked concrete under uniaxial com-
pression[ ] ]. Journal of Harbin Institute of Technolo-
2y»2008,40(4) :532-535.
7. +2010,31(5):1469-
1474.
ZHANG Feng, ZHU Jinpeng. L1 Shucai, et al. Me-
chanical property deterioration model for concrete in
environment with salt solution[ ] ]. Rock and Soil Me-
chanics,2010,31(5) :1469-1474.
) , . CT

[yl , 2010, 27
(1) :54-59.
LIU Hankun, SUN Chao, LI Jie. Three-demensional
mesoscopic numerical simulation of concrete based on
CT scan[ ] ]. Journal of Architecture and Civil Engi-
neering.2010,27(1) :54-59.

[Jl ,2015,34(2) :544-549

XIE Guoliang, DU Jinsheng, SHEN Xiangdong. Ex-
perimental study on fly ash lightweight aggregate

concrete resistance to sulfate carrion[ J]. Bulletin of

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

the Chinese Ceramic Society,2015,34(2) :544-549.
[D]. ,2007.
[J1. ,2011,40(3):
373-378.
ZHANG Fengjie, YUAN Yingshu, DU Jianmin. Ul-
trasonic detection in concrete structures of damage
from sulfate attack[J]. Journal of China University
of Mining &. Technology,2011,40(3):373-378.
[l ,2014,
43(4) :600-605.
DU Jianmin,CHEN Yao, YU Guixia,et al. Research
on the sulfate attack corrosion resistance of fly ash
concrete in adsorption area[ J]. Journal of China U-
niversity of Mining &. Technology, 2014, 43 (4).
600-605.
JIANG Lei, NIU Ditao, SUN Yingzhao, et al. Ultra-
sonic testing and microscopic analysis on concrete
under sulfate attack and cyclic environment [ ] J.
Journal of Central South University,2014,21:4723-
4731.
CHU Hongyan, CHEN Jiankang. Evolution of vis-
cosity of concrete under sulfate attack[ J]. Construc—
tion and Building Materials, 2013, (39) :46-50.
, . [M].
,2003.:19-24.
[M].
.1997.35-38.
. CECS 21:2000
[S].
,2000:691-693.

[D]. ,2014.



