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Experimental Study on Cement Silica Fume Stabilized Unaged Steel
Slag-Crushed Stone Base Material

YE Hongdong, YANG Heng, ZHU Lihua, GONG Yingjiao
(School of Civil Engineering, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract; To study the feasibility of applying cement-silica fume-stabilized un-aged steel slag-crushed
stone materials for base layer paving, the volume expansibility of steel slag was treated with silica fume.
The experimental results showed that the minimum silica fume content for suppressing the expansion rate
of steel slag was 2%. Based on this premise, the orthogonal test design method was adopted to explore
the mechanical properties and frost resistance of cement-silica fume-stabilized un-aged steel slag-crushed
stone base layer materials. The test results indicated that the main influencing factors on the 7-day un-
confined compressive strength and splitting strength of the cement-silica fume-stabilized un-aged steel
slag-crushed stone base layer materials were the cement content, while the main influencing factors on
the 28-day unconfined compressive strength, compressive resilient modulus, and frost resistance were
the steel slag content.
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Tab.1 Technical index of cement

P R BELERTIE])/min PUIETRE/MPa HIITIRE/ MPa

W /% wWigE &EE 3d 0 28d  3d 284

&% 0.7 230 270  14.36 44.97 3.07 9.31

1.2 #k

HNETE IR TR RARAE 0. 1~0. 2 um Z [0, [
T FLA 256 000 cm’/g, KM% E R 1. 650 g/cm’,
HAb#d 5303k 2,
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Tab. 2 Chemical composition of silica fume

% i/ % % S/ %

Si0, 96. 74 CaO 0.11

Fe,0, 0.08 MgO 0.10

Al 0, 0.32 Na,O 0. 09
1.3 &8

K FHAR s IR A Pl S ), I rp 9 v ok 1
FAAR L WA AL B () 5GP B R BN 14. 8%, 4%
WLAH X 2% B Ry 2,821 ~ 3.373 g/em’®, WK RNy
0. 680% ~3. 775% ,Ab2E 20 03 W36 3 s iR A A TR =

IR AWEA, RN 19. 2% , 3 W AH XT 2% 5
2.457~2.633 g/cm’ /K FEH 0. 733% ~ 1. 522%,
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Tab. 3 Chemical composition of steel slag

%y SR/ % %> B/ %
Ca0 34.8 MgO 7.6
FeO 12.3 £-Ca0 4.0
Si0, 8.9 AL O, 3.3

Fe,0, 9.5 P,0; 1.4
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Tab. 4 Particle size distribution of steel slag

FR T 21t F D Zit
AR/ mm 4%/ % LA/ mm T4/ %
19. 000 2.5 2.360 62.0
13. 200 30.0 0. 300 80. 0
4.750 52.7 0.075 94.0
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Fig. 1 Compaction curve of silica fume-steel slag
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Fig. 2 Effect of silica fume on expansion rate

of unaged steel slag
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Tab. 6 Orthogonal test scheme of CSFUSS

. K K s
B/ % B/ % B/ %
1 4 2 75
2 5 3 75
3 6 4 75
4 6 3 50
5 5 2 50
6 4 4 50
7 4 3 25
8 5 4 25
9 6 2 25
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7.28 d WO FR AT 55 2 1 A1 B 45 2R WL
K3 A 22 R 7,

i 3 AT UL, 7 d JCOBRAT s 5 32 1E 28 i g 45
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Tab. 5 Aggregate gradation for tests

i FrifEdEFLAR/mm
26. 500 19. 000 9. 500 4.750 2.360 1. 180 0. 600 0.075
=R e 100. 000 78. 530 48.210 27.260 19. 240 13.250 10. 110 0. 200
A PR 100. 000 86. 000 58. 000 32.000 28. 000 19. 000 15. 000 3.000
KT R 100. 000 68. 000 38. 000 22.000 16. 000 11. 000 8. 000 0. 000
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Fig. 3 Unconfined compressive strength of CSFUSS
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Tab.7 Range analysis of unconfined compressive strength
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Fig. 4 Splitting strength of CSFUSS
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Tab. 8 Range analysis of splitting strength

mH KEBE HKBE Wik E
K, 0.928 0.941 0. 946
K, 0.970 0. 960 0. 954
K, 0. 965 0. 962 0. 962
W# R 0. 042 0. 021 0.016
3.4 HmEEEES

PO [ SR R 2 B RS S22 b A Ay 2 A

FPRH/d WH  KREBE EXKBE RWEdiE

K, 6.44 6.55 6.67

; K, 6.73 6. 68 6.71

K, 6. 84 6.78 6.63

W2 R 0.40 0.23 0.08

K, 8.98 9.09 9.48

28 K, 9.29 9.20 9.61

K, 9.40 9.39 8.59

WZER 042 0.30 1.02
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Fig. 5 Compressive rebound modulus of CSFUSS

®9 HEMEEEREDN

Tab. 9 Range analysis of compressive rebound modulus

=] KEBE HKBE WikBE
K, 3 253.66 3 286. 66 3513.66
K, 3301.33 3 281. 66 3 288. 00
K, 3314.33 3 301. 00 3 067. 66

W2 R 60. 67 19. 34 446. 00
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Tab. 10 Strength change and frost resistance

coefficient of freeze-thaw tests

Gy e 3E IRRLEHUE ?{‘T,J/iﬁ
3 i/ MPa 5 BF/MPa 28/ %
1 9.08 8. 86 97.76
2 9.56 9.41 98. 43
3 9.67 9.56 98. 86
4 9.75 9.38 96. 21
5 9.52 9.17 96. 32
6 9.57 9.19 96. 03
7 8.30 7. 88 94. 94
8 8. 81 8.37 95.01
9 8. 66 8.26 95. 38
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Tab. 11 Range analysis of frost resistance coefficient

it H KRBE/ % HEKBR/ % WEBE/ %
K, 96. 24 96. 49 98. 68
K, 96. 58 96. 52 96. 18
K, 96. 82 96. 63 95.11
W2 R 0.58 0. 14 3.57
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