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Abstract The construction industry is trying to recycle industrial by-products and construction waste to
utilize resources fully. Ferronickel slag, an industrial by-product from the stainless steel manufacturing
process, has various advantages as an aggregate due to its high density and excellent wear resistance.
But, ferronickel slag is generally used only as a low-value supplementary material. Hence, this study
performed a dense-grade mix design and performance test to evaluate the utilization of ferronickel slag
aggregate. As a result, the previous mix design was improved with a new aggregate added in the
proportion of 0 to 40 %, and moisture sensitivity and rutting resistance were evaluated. In addition, since
ferronickel slag has SiO, among its components, the TSR test showed a value 1.3~7.7 % lower than that
of a mix with natural aggregate, indicating the tendency of SiO: to decrease moisture sensitivity slightly.
Accordingly, an anti-stripping agent, improved aggregate gradation, and uprating asphalt binder grade

are necessary to achieve appropriate usability of ferronickel slag.
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Fig. 1. Stainless Steel Output by Year(ME, 2016)
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Fig. 2. Prime Stone(FNS)

Fig. 3. Prime Sand(FNS)
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Fig. 5. Particle Surface of Prime Sand(Wang et al.,2011)
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Table 1. Ferro-nickel Slag Gradation

Sieve Size(m) Percent Passing(%)

13 100.0

10 100.0
5 91.4

2.5 43.5

0.60 13

0.30 0.3

0.15 0.1

0.08 0.0

Table 2. Specification of Ferro-nickel Slag

Item Requirements | Prime Sand | Test Method
Density(g/cr) Min. 2.5 2.8 KS F 2503
Absorption(%) Min. 3.0 1.1 KS F 2503
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9] &8-S 5t A HUiR Hr|ESFAET EY Table 5. Gradations of Aggregate(WC-1)

LAAHE FPotoich AEAT} Table 37} Table 49} Sy
Zo] 3AA 7|EFS BF UESlo] FNSE ofAZE = SiSZIZ‘(]r;n) Control Case 1 Case 2 Case 3 Case 4
0, 0, 10, 10,
2eEg BAZ A8 A0 B 9 2422 4 5 o5 T im0 o000 000
Bt 13 | 986 | 989 | 989 | 989 | 9.1
10 80.4 85.3 85.3 85.3 87.8
5 58.4 66.7 66.7 66.7 70.8
Table 3. Environmental Evaluation(Waste) 25 39.6 43.6 41.7 39.8 40.9
0.60 18.4 18.3 15.7 13.2 11.9
Item Specification Result 0.30 12.0 11.8 10.3 8.7 7.8
Pb < 3 mg/L non-detect 0.15 7.1 7.0 6.2 5.4 4.9
Cu < 3 mg/L 0.09 0.08 |40 40 3.6 33 3.1
As < 1.5 mg/L non-detect
Cd < 0.3 mg/L non-detect
Hg < 0.005 mg/L non-detect oo
Organophosphorus < 1 mg/L non-detect 90.0 //
compound
PCE < 0.1 mg/L non-detect o0 /
TCE < 0.3 mg/L non-detect £ o0
CN- < 1 mg/L non-detect g *° /
Cr+6 < 1.5 mg/L non-detect E soe T Sanenon
Qil component <5% non-detect 2 :'z / :::T I
20.0 :Z: H
10.0 —m-Case 4 H
Table 4. Environmental Evaluation(Soil) oo
o.07a e ~ =
Item Specification Result
Cd < 60 mg/kg non-detect Fig. 6. Gradation Graph of Aggregate(WC-1)
Cu < 2,000 mg/kg non-detect
As < 200 mg/kg non-detect
Hg < 20 mg/kg non-detect
Pb < 700 mg/kg non-detect
Cr+6 < 40 mg/kg non-detect
7n < 2,000 mg/kg 104.4
Ni < 500 mg/kg 329.6
F < 800 mg/kg non-detect
Organophosphorus < 30 mg/kg non-detect
compound
PCBs < 12 mg/kg non-detect
cyanide < 120 mg/kg non-detect
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Fig. 7. Specimens of FNS Asphalt Concrete
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Fig. 10. Indirect Tensile Test

Table 7. Results of ITS Test

ITS Disp.
Item Spec. () ()
Control 1.08 1.59
Case 1 0.96 1.56
Case 2 0.8= 1.03 1.72
Case 3 0.98 1.67
Case 4 1.01 1.64
AR AT ENS ARgOlE HAZAHE ARERE oOFAZE
sHEI ST 20 YIRS depzict

4.2 QAXMULH|(TSR, Tensile Strength Ratio)
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Table 8. Results of TSR

Ttem Spec. TSR
Control 0.78
Case 1 0.75
Case 2 0.80= 0.77
Case 3 0.72
Case 4 0.74
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Fig. 11. Wheel Tracking Test
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Where, DS : Dynamic Stability(number/m)
d1 Deformation in tl (45 minutes)(mm)
dg Deformation in tQ (60 minutes)(mm)
C Calibration Constant(1.0)
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Table 9. Results of Wheel-Tracking Test

Item Spec. DS(no./mm)
Control 1,175
Case 1 1,057
Case 2 750= 835
Case 3 730
Case 4 580
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