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A Study on a Steel Slag Asphalt Concrete Design Method Considering Density and Absorption
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PURPOSES: This paper presents amix design method for using steel slag as an aggregate for asphalt mixtures.

METHODS: Sted dag has a different density and absorption rate than natural aggregates. The asphalt content was calculated according to
the sted dag characteristics, and the formula for aggregate-gradation correction was presented.

RESULTS: The asphat mix was designed using the proposed equations. Using the proposed mix design method, it was possible to design the
asphalt mixture according to the target-usage amount of the recycled aggregate.

CONCLUSIONS: The suggested method can be used for asphalt mix design using aggregates with different densities and absorption rates.
It isexpected to contribute to quality improvement by ensuring accurate calculation of mixing ratios for steel dag asphalt mixtures.
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Table 1. Properties of Steel Slag Aggregate

[tem Unit Method | Specification | Result
| Surface |g/cm®|KS F 2503| =2.45 3.37
Density
Absolute | g/cm® >25 3.31
KS F 2511
Absorption % <3.0/35 | 1.68
Soundness % |KSF2507| <12 27

(Na2S02) : 5times

Abrasion o -

(C Method) o |KSF 2508 =35 20.1

Crushing value % | KS F 2541 =85 100

et "3 '?? gated | o |lksFos75| <30 | 121

Immers!on % |KS F 2580 <0 00
expansion
*Lee et al, 2017
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Table 2. Computation of OAC

Estimation of AC | Estimation of AC
Use of steel slag .
. (Use granite (Use steel slag
aggregate ratio
aggregate) aggregate)
30 % 5.36 % 5.38 %
50 % 5.36 % 5.38 %
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Table 3. Properties of Aggregate

ltem Value
Density of steel slag 3.31g/cm®
Absorption of steel slag 1.68%
Density of natural agg. 2.70g/cm?
Absorption of natural agg. 0.70%
Residue asphalt in RAP 4.0%

Table 4. Aggregate Gradation

- Percent passing(%)

size | Steel | Steel | rap | RAP

) slag Slag Granite

(13mm) | (Fine) |10-5mm| 5-0mm | (13mm) Filler

20 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

13 100.0 | 100.0 | 100.0 | 100.0 | 99.5 | 100.0

10 85.7 | 100.0 | 100.0 | 100.0 | 72.6 | 100.0

5 1.4 994 | 268 | 99.9 10.0 | 100.0

2.5 2.9 74.4 19.4 84.2 0.8 100.0

0.60 0.5 20.3 124 51.6 0.4 100.0

0.30 0.6 10.8 8.6 35.9 0.4 100.0

0.15 0.4 6.8 5.2 17.5 0.3 97.0

0.08 0.2 3.6 2.9 6.9 0.3 92.0

A o] Zh ofATE BRRIYE HEEo Qe
HopAF O] ARG A TS S7HA FEel H
oFst 7hsAd o] AtH(Lee et al., 2017), olof wjef 2 A
TFoMe 1 =AY ﬁ]o}ij—é AR 18l i
WMRA(Warm Mix Recycled Asphalt) OFAZE H}
QlEE AME3l9iTE WMRA HIQIE = Table 59F 7o)

Table 5. Properties of Asphalt Binder

. WMRA WMRA
Test item Method PG 64-22 | PG 76-22
Original binder
) 5 KS M
Flash point, COC, C 2010 344 342
Rotational viscosity, KS F
135, cP 2392 | 4% 1,486
Dynamic shear KS F o o
(G*/Sind), kPa 2303 | .25 @64C | 1.28 @76TC
RTFOT residue
o KS F
Mass loss, % 2393 0.02 0.03
Dynamic shear KS F o o
(G*/Sind), kPa 2393 2.38 @647C | 2.22 @76C
PAV residue
Dynamic shear KS F o o
(G*/Sind), kPa 2393 2,860 @25°C| 868 @31C
Creep stiffness, S, KS F
MPa at —12C 2390 | 203 98
5 KS F
m—-Value at —12°C 2390 0.33 0.32

PG 64-22%} PG 76-22 & Z57} glon & e
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Table 6. Gradation of Aggregates and Specification

Table 9. Correction of Aggregate Grading(WC—1)

Percent passing(%)
Sieve Case 1 Case 2
size — - — :
(mm) Target Mix gradatlon Target Mix gradatlon
) : without ) ) without
Mix—gradation . Mix—gradation .
correction correction
20 100.0 100.0 100.0 100.0
13 99.8 998 100.0 100.0
10 8838 88.2 94.7 95.7
5 573 55.4 60.1 65.4
25 431 M7 394 435
0.60 214 21.6 19.2 212
0.30 14.8 15.1 13.9 15.3
0.15 8.6 88 6.2 6.8
0.08 48 48 36 39

. ‘ Percent passing(%)
Sieve size(mm)
WC-1 Mix—gradation
20 100 100.0
13 90-100 99.8
10 76-90 88.9
5 44-74 575
2.5 28-58 431
0.60 11-32 20.8
0.30 5-21 14.3
0.15 3-15 8.4
0.08 2-10 4.7

Table 7. Correction of Aggregates Gradation

Classification SSEZ' RAP |Granite| Filler | AP | Total
@ With AP 274 323|383 |20 | 54 | 1054

@ Converted to 100 | 259 [30.5| 36.3 | 1.9 | 5.4 |100.0

© Adjustment by | 515 1305 | 353 | 19 | 54 | 105.9

slag density
@ Converted to 100|30.0 | 28.8 | 34.3 | 1.8 | 51 |100.0
® RAP AP 4% 30.0|30.0| 343 | 1.8 | 3.9 |100.0

Table 8. Correction of Mix—Design

Classification iﬁgl iﬁgl RAP | RAP |Granite
(13mm)| (Fine) [10-5mm|5~0mm| (13mm)

Filler| AP

Mixing ratio

(%) 46 | 228 | 54 | 269 | 383 | 20 |54

Correction of
mixing ratio | 53 | 263 | 5.1 253 | 361 | 19 |39
(%)
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Table 10. Mix Properties for Range of Asphalt Contents

| AP AIr A | VMA [Stability| Flow
Classification| content| voids " o
(%) (%) (%) (%) (N) [(1/10mm)
4.4 6.2 63.5 16.9 | 13,986 36
49 53 69.1 17.3 | 14,685 37
13mm 54 45 747 17.7 | 14,969 38
5.9 3.1 82.2 17.6 | 14,895 38
6.4 29 84.4 18.6 | 14,685 38

Table 109] &J3l F=E 4%2] & AT E Tk
5.6%2 A= Uct RAPS T ofATE $F 495
HeEh S o AR FdE]= AR HRRIT = 4.1%0]T
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Table 11. Test Results of Mix Properties for Mix—design

Table 13. Test Results of Mix Properties for Mix—design

(13mm)
Classfication Air voids| VFA VMA | Stability | Flow
(%) (%) (%) (N [(1/10mm)
WMRA
76-22 4.9 76.1 17.4 18,775 36

_ | AP LA VEA | VMA [Stability| Flow
Classfiication| content| voids . .
(%) (%) (%) (%) (N) |(1/10mm)

13mm 5.6 4.0 775 17.7 114,950 | 38

Table 12. Results of Lab Test

L DS ITS . Toughness
Classiicaton| . )| (MPa) | PiSP: (N-mm) Ui
13mm | 3,380 | 1.04 | 1.29 18,114 0.78
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Fig. 5 Field Trial(13mm)
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Fig. 6 Field Trial(10mm)

Table 14. Test Results of Mix Properties for Mix—design

(10mm)
Chssiicaion| AT Voids | VFA VMA | Stability | Flow
(%) (%) (%) (N)  |(1/10mm)
WMRA
7600 6.1 7.2 21.3 11,565 41
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721 A8 AT ol 9
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