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ABSTRACT : This study aimed to investigate the changes in chemical components that occur when weak clay is mixed with steel
slag modified with calcium oxide, and to understand the expression characteristics of compressive strength according to hydrophilicity
and curing time. XRF testing, SEM imaging, vane shear strength and uniaxial compressive strength testing were conducted. Calcium
(Ca) released from the steel slag increases the Ca content in clay by increasing the number of crystal particles and forming a coating
layer known as calcium silicate hydrate (CaO-SiO»-H>O) through chemical reactions with SiO, and ALO; components. The weak clay
stabilized with steel slag is classified into an initial inactive zone where strength relatively does not increase and an activation zone
where strength increases over curing time. The vane shear strength of the initial inactive area was found to be 4.4 to 18.4 kN/m’
in the state of the weight mixing ratio Rss 30% (steel slag 30% + clay 70%). In the case of the active area, the maximum uniaxial
compressive strength increased to 431.8 kKN/m” after 480 hours of curing time, which increased due to the apparent adhesion strength
of clay through pozzolanic reaction. Therefore, considering the strength expression characteristics of stabilized mixed clay based on
the mixing ratio (Rss) during the recycling of steel slag can enhance its practicality in civil engineering sites.
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Fig. 1. Particle—size distribution curves for river clay and steel slag

Table 1. Physical properties of Gunsan river clay and steel slag

Property River bed clay Steel slag
(Less than 19mm)

Moisture content (%) 41.60 2.58
Liquid limit (%) 31.03 -
Plastic limit (%) 22.46 -
Plasticity index (%) 8.57 -

Specific gravity 2.649 3.150
Fine-grained soil (%) 94.30 3.1

Uniformity Coefficient (C.) 13.34 17.50

Curvature Coefficient (C.) 1.34 2.80
USCS CL SW
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Fig. 2. Light intensity peak and fluorescence degree of steel slag
and river clay
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Fig. 3. Comparison of steel slag and river clay chemical composition (%)
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Table 2, Chemical composition ratio according to the mixing ratio of clay and steel slag

Clay | Steel slag | SiO, | ALOs; | FexOs K>0 MgO | Na,O CaO TiO, SO; Cl P»0s MnO | Cr:0; F
100% - 67.27 | 17.03 | 491 3.79 2.28 1.70 1.08 0.82 0.78 0.12 0.11 0.09 0.17 -
90% 10% 65.67 | 17.00 | 5.00 3.67 2.73 1.65 2.29 0.78 0.83 0.11 0.12 0.14 0.03 -
80% 20% 63.28 | 16.76 | 5.19 3.46 3.35 1.61 4.18 0.76 0.89 0.12 0.11 0.22 0.06 -
70% 30% 60.47 | 16.62 | 530 3.14 4.19 1.52 6.35 0.74 1.03 0.11 0.12 0.32 0.10 -
60% 40% 57.09 | 1646 | 5.65 291 5.27 1.46 8.50 0.72 1.16 0.10 0.11 0.45 0.12 -
50% 50% 53.05 | 1627 | 596 2.60 6.45 1.33 11.46 | 0.66 1.31 0.09 0.11 0.53 0.16 -
- 100% 13.02 | 16.74 | 8.61 - 21.48 - 34.07 | 034 2.89 - 0.12 1.67 0.56 0.48
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Table 4. Uniaxial compressive strength result of slag and clay
mixture based on curing time

Unconfined strength Strain
Ttem (kN/m) (%)

168 hr | 240 hr | 480 hr | 168 hr | 240 hr | 480 hr

Rss 10% 15.05 | 58.80 | 104.19 | 24.55 13.56 4.17

Rss 20% | 25.24 | 143.03 | 282.74 | 10.08 6.13 4.18

Rss 30% | 81.79 | 214.45 | 431.79 | 17.31 4.15 3.12

Rss 40% | 92.63 | 188.55 | 401.73 | 9.08 5.04 4.08

Rss 50% | 46.51 | 180.51 | 214.55 | 10.02 3.03 1.99

Initial water content Mixing ratio Curing time
(%) (Rss) (hr)

Steel slag | 2.58 10 [ 20 | 30 | 40 | 50

168, 240, 480
Clay 41.60 |90 | 80 | 70 | 60 | 50
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Fig. 9. Relation between curing time and maximum uniaxial compressive
strength (q.) (curing time 168A, 240h, 4804)
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Fig. 10. Relation between mixing ratio (Rss) and maximum uniaxial

compressive strength (g.) (curing time 168A, 240h, 4804)
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Fig. 11. Failure configurations of steel slag and clay mixture ratio
depending on curing time
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Table 5. Characteristics of steel slag and clay mixture based on

curing time
| Unconfined strength (kN/mz)
tem
Initial | 0.2 hr 2 hr 168 hr | 240 hr | 480 hr
Clay 2.4 - - -
Rss 10% - 15.55 18.42 15.05 58.80 | 104.19
7, (KN/m’) - - - 19.2 18.6 18.7
Rss 20% - 12.86 16.40 | 25.24 | 143.03 | 282.74
% (KNm') | - - - 197 | 188 | 189
Rss 30% - 9.00 12.67 81.79 | 214.45 | 431.79
7 (RNm) [ - - - 207 | 206 | 197
Rss 40% - 6.46 7.26 92.63 | 188.55 | 401.73
~, (KN/m’) - - - 20.5 20.4 19.6
Rss 50% - 442 5.12 46.51 | 180.51 | 214.55
% (N/m’) | - - - 211 | 199 | 198
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Fig. 12. Strength performance of steel slag and clay mixture according
to curing time
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