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Durability of steel slag fine aggregate concrete under the action of salt solution
wet and dry circulation

XUE Gang, QIU Yongkang* , QIN Zhengbo, DONG Wei
(College of Civil Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, Inner Mongolia, China)

Abstract: In order to study the durability of steel slag fine aggregate concrete ( SSC) under the action of dry-wet cycle of salt
solution, the optimal volume fraction of steel slag and fly ash in concrete was determined by mechanical property tests, and the dry
and wet durability test of salt solution was carried out on concrete samples. The effects of the volume fraction of steel slag and fly
ash on the appearance, quality, dynamic elastic modulus, and compressive strength of concrete were considered comprehensively.
The results showed that when the volume fraction of steel slag was 30% , the compressive strength, flexural strength, and dynamic
elastic modulus of SSC were better than those of ordinary concrete. The mechanical properties of SSC were further improved after
10% volume fraction of fly ash was added. After 100 dry-wet cycles of salt solution, the mass loss rate, compressive strength loss
rate, and dynamic elastic modulus loss rate of steel slag with 30% volume fraction were smaller than those of ordinary concrete. The
addition of 10% volume fraction fly ash could delay the deterioration of SSC durability, and the durability of SSC in dry and wet
cycling of single salt solution was better than that of double salt solution. The damage evolution equation was established with the
dynamic elastic modulus damage as the index, which could describe the deterioration of SSC properties under the dry-wet cycle of
salt solution.

Keywords: steel slag fine aggregate concrete; salt corrosion; dry-wet cycle; durability; damage evolution
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Table 1 The mass fractions of the main chemical components in cement, steel slag, and fly ash

bR . TR % _

CaO Sio, AL O, Fe,0, MgO B it HoAth
KR 60.90 24.98 6.42 3.56 2.42 0.56
i 42.30 15.20 5.30 22.90 7.50 12.80
I IPCY/3 6.12 51.82 25.65 5.20 2.40 3.94 4.87




132 1T RPN

e (T % WO %55 &

22 CER IR AR
Table 2 Physical properties of aggregates
R, B INBHETRE R, WoKkE, Sk,

LN (kg-m™®) HE (kg-m™) % %

w 2601  2.87 1566 0.90 0.50
W 2681 1450 0.80 0.50
BHE 3440 294 1800 3.70 0.25
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Fig.2 Stability test results of mortar bar
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Table 3 Mix ratio of steel slag fine aggregate concrete

S g ‘ ”m3 B Y B kg ‘
KR WK w Wik
(60} 450 0 760 0
SSC15 450 0 646 114
SSC30 450 0 532 228
SSC45 450 0 418 342
SSCF10 405 45 532 228
SSCF20 360 90 532 228
1.4 REH*E

ARWFFE SR R SF R 100 mmx 100 mm x
100 mm, FH T X Pe 5 it B 5 b A A B RUSF 2R
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SRR E A, AR ETRY 28 d J5 , EAT 12
PEREFNT A PE g X 9, DU a2 3 76 A 7] R 9 TR
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ER 5% ,H PR AR BT i B O B A
B 172,80 2.5% , 57 a0k 4 s AR
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Table 4 Test plan
e R R4 PR R E 56 B Y

. C0.SSC15, Sy Z 4 PR IR AR 0, 38 0 ) A 5 S iff R e A AN TS AR R

SSC30.5SC45 TR i AR (SSC30)
TERAEME AR SRR B, B o348 A

5 SSC30,SSCF10, PIE AT 10% 20% 1R B4 B B3 B K, o SSC30 % ff 22 B A R AR A3

SSCF20 IS e R N, St 3 4R i3 S50 BL(SSCF10)

B R Fre A ER R AR 2




%55 40 PEW 25 . SR I TR AR ERAE F T 80 i 40 B R - B A 1 133
#4(8E)
a2 s R PR T A B RE H W
C0,SSC15, g2ih-F 4 FhERE AR50, B IR B H0h 30% H TIFFT B T 93 M I A R
3 SSC30.SSC45. 1B M A M 18 10% 20% BB EHEIR 2 4, 36 6 4ikkE 800 2 3 - TR it A bk

SSCF10,SSCF20 7N

TFIR S AR TR AP

OE AL

€0.S5C30 - 2 X HRZH (CO,SSC30) 30% A FR 4345 1 4 s FL X A UE AT B R -
4 SSCF\10 : B A P B 10% 500K 1 20 (SSCF10) , 4L 3 4 B ATER %, 548
Vo) TRE , I J B — TR K P & BT 3B

2 RI R M

21 ShEFEiEsE

IREE L 28 d PUE HLT LIS s P A i 50 25
FnE 3 fiR, B3 f CABURSREE £, BT
B E Rshsipki ) fE 3 n] UL, Bl A AR
BN IR BE 0 £ £, E YR ISR INE 9N
FRAE, A R B0 B 30% I 3 38 3] J KM,
SSC30 ik FE 1Y £ f,  E A EE CO 2 43 il $2 5

21 72r
70.58

6.9

f/MPa

6.6

6.3
C0 SSC15 SSC30 SSC45 SSCF10 SSCF20

B
(a) LRI

C0 SSC15 SSC30 SSC45 SSCF10 SSCF20
B
(b) i

0.73% 3.45% .8.69% , SSCF10 21 #H [t SSC30 4H /¢
WL 4.35% . 3.77% . 0.78% , SSCF20 41 #f It
SSCF10 44358/ 13.05% .2.94% 0.77% , W15
A 30% AR B BN TR BE 10 )2 R RR YA —
FERE R, 7RSI L FEB A 10% 1R B4 H0 By A5
KX SSC itk et AT —E S FHEH , iIX & R
IR B LIRS, 93 R R 3K JURE 328 7 9 1HR
BERLAT U, EIRES B A 7] DU 7R 20 45 00 Sk i 2
B, 7= A T U Y B 4 R i AR
SER TSR IR EE 1 J) 2= M Re i &

7.15 521 51.70

50+

E/GPa

48]

C0 SSC15 SSC30 SSC45 SSCF10 SSCF20
NG
(c) BhHfbERT R

K3 IREELAY 28 d UK HUITHREE LSRR

Fig.3 28 d compressive strength, flexural strength and dynamic elastic modulus of concrete
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Table 5 Dry and wet damage model of salt solution
R G TR A A 4 8t 2 B AE B
C0 D,=5.147 71x107°N"™' % V,y=9.222 53x107 N7 % 0.998
SSC15 D, =1.228 84x107*N"**¥ V,=1.996 66x107* N* 62 0.989
SSC30 D, =2.475 09x107°N'*%% V,=4.765 91x 107 N**»» 0.998
2.5%NaCl-2.5%Na, SO
W e SSC45 D, =1.384 54x107*N"%* V,=2.219 69x107*N*%3 20 0.997
SSCF10 D, =8.694 31x107°N>'3% V,=1.855 34x10°N""3% 0.996
SSCF20 D,=5.521 85x10°N"""? V,=9.802 83x 107 N7 0.998
Co D, =5.786 49x 10 N7 Vy=1.004 61x107*N"7* "1 0.999
5%NaCl %l SSC30 D, =2.874 09x 107N V, =5.334 08x 107 N*¥** 0.998
SSCF10 D, =1.347 42x107° N % V,=2.671 02x107°N**** 0.999
Co D, =1.995 53x107°N"**¥ V,=3.878 45x107° N*** ¥ 0.996
5%Na,SO, ¥l SSC30 D, =9.109 36x10 N> * V,=1.900 98x 107> N""%6 % 0.998
SSCF10 D, =3.081 62x107°N>?*% V,=0.708 54x107°N"?*% 0.995
024 u Co 0.181 m Co 0161 m Co
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Fig.8 The fitting results of damage values under the coupling of dry and wet cycles of different salt solutions
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