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Abstract: Steel slag-based cementitious materials(SSCM) were prepared using solid wastes such as steel slag,
desulfurization gypsum and blast furnace slag. The steel slag stabilized iron tailings base materials (SIBM) were
prepared by SSCM with outstanding mechanical properties. The mechanical and durability properties of SIBM
were tested, and the mechanism of SSCM compensating for shrinkage in SIBM was analyzed and discussed.
The results indicate that the 28-day compressive strength of SSCM with the optimal mix proportion is
31.5 MPa. When the ash content of SSCM is greater than or equal to 8% , the unconfined compressive strength
of SIBM meets the design requirements for second-class highway light traffic, and its dry shrinkage is superior to
that of cement stabilized iron tailings base material (CIBM). The formation of great quantity of hydration product
ettringite and the improvement of pore structure are important reasons for the reduction of dry shrinkage of SIBM.
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Table 1 Chemical compositions(by mass) of raw materials
Unit: %
Material SiO, ALO, Fe,O, CaO SO, MgO Na,O PO, MnO, 1L
Steel slag 17. 00 4.18 21.05 38.51 4.75 0.41 1.89 4.19 0.81
Blast furnace slag 30. 50 14.43 0.50 35.71 2.88 8.13 0.54 1.67
Gypsum 3.28 1.30 0.32 32.16 40. 37 0.92 0.13 7.69
Cement 20.53 4.45 3.17 62.05 2.10 2.81 0.55 1.74
Tron tailings 34.29 8.28 33. 64 2.09 1.21 0.51 0.42 0.72 6.61

F2 KiEHWIEMERE

Table 2 Physical properties of cement

Specific surface Standard consistency

Setting time/min

Flexural strength /MPa

Compressive strength /MPa

area/(m’-kg ') (by mass)/ %
Initial Final 7d 28 d 7d 28d
359 25.8 180 257 6.0 8.7 25.4 43.6
=3I SEVHNESR
Table 3 Particle size distribution of iron tailings
Seieve size/mm
Item

4.75 2.36 1.18 0.6 0.3 0.15 0.075
Passing ratio(by mass)/ % 0 0 4.149 4.786 23.575 47.602 19.700
Accumulate screening ratio(by mass)/ % 0 0 4.149 8.935 32.685 80. 287 99. 990
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Fig.1 XRD patterns of steel slag and iron tailings
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Table 4 Mix proportions(by mass) of SSCM

Unit: %
Group Specimen Gypsum Cement Steel slag Lime Blast furnace slag
A-1 5.0 10.0 50.0 5.0 30.0
A-2 5.0 15.0 45.0 5.0 30.0
A A-3 7.5 10.0 47.5 5.0 30.0
A4 10.0 15.0 40.0 5.0 30.0
A-5 10.0 10.0 45.0 5.0 30.0
B-1 5.0 12.5 47.5 5.0 30.0
B B-2 5.0 7.5 52.5 5.0 30.0
B-3 5.0 5.0 55.0 5.0 30.0

SSCM BYHT He s & Fnprdriom i WK 2. iIE 20
LA R A-2 109 7 .28 d BT HE B B L 4 B

16.5.30.9 MPa; #tm A H B &, Ad il A-3.A4
A5 7.28 dPi He ok 4 B B RRAK, X nl e 2 i1 T
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Fig.2 Compressive strength and flexural strength of SSCM

2.2 SIBM By hZFEHEE
2.2.1  SIBM 3245 B0 Hr

2 7% [vi) S TR (] )52 e 5 4 L Ao o 22 2 4 st T
PR R B A ARSI S R A R B KR i w
J 6% . 8% 1 10%, il & 1 SIBM 4 Jll ic
SIBM-6% . SIBM-8% . SIBM-10% ; %f & 4 /K 7
(PC) K3 1 R 6%, il £ 79 CIBM i iy CIBM-6% .
TR 9 e K T 8 R R B KR O R i 2R LR 3.
FH T 3 AT D < A2t Af 14 5 KT %85 B i o e 1 % KR 1 1
Jon 357 2 35 4 AR AIC A R A, L R Y
T HE K, 3 AT BB R AL 2 i S EE M Rk TR BT
(i) P 9 P e 2RO T SR AR T AR A

| o CIBM-6%
= SIBM-6%
204 - + SIBM-8%
4 SIBM-10%

0.9%!

7 8 9 10 11 12
Optimal moisture content(by mass)/%
P 3 R B R T S R A AR OC R
Fig.3 Relationship curves between maximum dry density
and optimal moisture content of specimens

BUR A T2 MR 45 R T A B T R
JE 5 2 AR R 0 R R S ACR A 22 R K, o Ik
A 22 e K 1k 14 SIBM-6 % 5 SIBM-10% fe £
TR 2R 0.9% , 3% 32 2L P 45 3 1R i b
B R, B 5 ITE 90 % DL B IR 3T
JI2 B A L 0 i 2 RN 4B i, 1 0 T AR R X L A
Rp &S A NS
2.2.2  SIBM Jj2 B4 bt

R 1 TC )RR Bt e o BE UL Al 4. fR IR 4 AT I
SIBM 5 UCS B & K57 1 (35 i -5 9% 109 %) 2B < i 3
I Z AR 5 A5 R — B0 SIBM Y BRI B BOK, +

5

) 7d §

4 Y 28d

UCS/MPa
w2

Specimen

P4 G Y T R AL TR B
Fig.4 UCS of specimens



548 jeis

WM B % W

o 28 %

WK, 7 d UCS &, & 2 1E M %5 i1l
SIBM-8% .SIBM-10% . CIBM-6% & UCS ¥ Kk F
2.0 MPa, i J& JTG D50—2017{ 2\ & Wi 75 3% 1 %8 31
FIE bR UE ) G0N 5% 28 A B T R B AR
SIBM-8% 4 7 d UCS WA F ik 4 CIBM-6% , {H H
28 d UCSHIE Fik 1 CIBM-6 % , 32 B % JT 4R 7 3L Jie
HEAT R A& 10 L 2 kL B i B 5L A RS B K I
P, X 57 SSCM AP pE s KA —2 ., 2T
IR AT, SIBM B FH KR & 8 % HEAT HEE MR
Aot AP .
2.3 AR
2.3.1  T4itkaE
FH 455 1 BE 8 B DF-A0 38 b5 T 45 Ry AR R S
1 000
900 -
I
700 +
600 | //
500 + _»
400—/' /
300 —/' o

200 / + CIBM-6%
100 K

e SIBM-8%

Drying shrinkage strainx10°

0 5 10152025303540455055606570
Curing age/d

(a) Drying shrinkage strain

SLZMRH AR B o R T 4 AR RN 2R K R B
FEE B A fe i 28 WL 5. fR B S AT K
SIBM-8% il CIBM-6 %6 1141~ 45 i A8 F1 2k 7K 6 32 Bifi 45
FRAP U 10 1 S A R 5 5 CIBM-6 26 A L,
M SIBM-8 %6 T 45 1o A% 1 2 7K R B 5 5 /)N 5 3K 4
SIBM-8% #il CIBM-6 % [ T- 45 A8 JE fil 2k /K ) £ 22k
ARSI BT 15 d, Kb SIBM-8 %6 1E T 15 d
(14 25 1 78 1K 3 6 N AR B 85 %0, R K R IR FI B Y
90% , 15 d J& i A4 9 1 4 g A8 LR 7K R AR A ke 1
% R R ARRE Y T AR AR SRR ST RT3
CIBM-6% (4 T 45 W 28 o 844.5X10 °, 1 ik 4
SIBM-8% K 4 W 78 K 542.0X10°°, £ b ik
SIBM-8% M B Fe P B 4, A 5 7 AR 0 i

8

(o))

o

K_'/(—.C:NM%)
o SIBM-8%

Water loss rate(by mass)/%
N

0 10 20 30 40 50 60 70
Curing age/d

(b) Water loss rate

S 3l A T 2 10 78 0 R K A< B 7 47 07 300 Y 228 1l 2

Fig. 5 Variation curves of drying shrinkage strain and water loss rate of specimens with curing age
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Fig. 7 Water stability and frost resistance of specimens
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