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Long-Term Performance Evaluation on the Recycled Asphalt Concrete
Using the Steel Slag and Reclaimed Asphalt Pavement Aggregates
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The study performed long-term performacne evaluation on the hot mix asphalt using the steel slag aggregates and Reclaimed Asphalt
Pavement (RAP). The laboratory comparative evaluation was conducted between conventional Hot Mix Asphalt (HMA) which is
entitled WC-2 and HMA containing steel slag and RAP which is entitled ES WC-2(R). Dynamic stability test, dynamic modulus test, and
fatigue crack test were conducted during the comparative evaluation process. The dynamic stability test result showed that ES WC-2(R)
was 140% higher than WC-2. It is noted that ES WC-2(R) showed no inflection point whereas WC-2 showed inflection point during the
dynamic stability test which implies ES WC-2(R) has the higher moisture susceptability than WC-2. The dynamic modulus of ES WC-2(R)
were 342.3%, 486.7%, and 350.0% higher than WC-2 at medium temperature of 21°C, low temperature of —10°C, and high temperature of
38°C respectively. The test result showed that rutting resistance of ES WC-2(R) is higher than WC-2 at all temperature spectrum.

The fatigue resistance of ES WC-2(R) were 31.7%, 325.3%, 899.9% higher at low stress level, medium stress level, and high stress level,
respectively. The test result showed that ES WC-2(R) is higher than WC-2 at all stress levels.

Based on the laboratory comparative evaluation, The in-situ scale Accelerated Pavement Test (APT) was conducted comparing WC-2
and WC-2(R). APT found that the rutting resistance of WC-2(R) was 45% higher than WC-2.
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Table 1. Results of aggregates X-Ray fluorescence analysis

Type Si K Al Ca Fe Ti Mg Rb Sr Mn Zr Cr Zn Nb
Slag 8.8 0.1 6.6 7.5 46.8 1.1 1.5 N-D 0.3 9.8 0.1 1.5 0.3 0.1
Granite | 484 26.7 13.0 20.2 2.8 0.4 0.4 0.3 0.2 0.1 0.1 N-D | N-D | N-D
2B Ca0/8E0] 52 22 25} U2 S LOBA0| ojLf OAZE

Hasei = HYE29] 27| Zgl0| wdlE  ACH Mys2iael 32 XA

Shen et al (2018)2 MZ&ai1 2x HHS FAXG0Y
(SEM)Z 0|85t CHE87EZ 0|20 2 A2 QI6IUCH,

NZ&ea Sxet ofAZERtS] detds BTIE HSotitt
Kavussi et al (2015)= HZAL 1S OATE S5120| AIRE
42 AT AT YAS ot AN HEE 07t HOLE YRt
M AR Oiy] m24H0| S7tch= A2 HEoIRICE Wen et
al.(2015)2 MIZSfIE ATt OIAZE SEHE0] studded tire
OI2XE, D20 AgHy Xgy0| 2282 MG 2

of MU ZE Zut MZsT SHHE AES B2 0f
ALE 2529 I20E MM, AMHYE X 50| S5
= oz ZAEQICH

2 A= A7] AGe MHESH AHSz9] o2z3E 6l
Zolll OIAZE 2829 7|22d ¥ 38852 A7
Plolf MAEHIE MEotion, Ukt OALE S8l thH| 2
25t M59] &2 otAZE SEE0| st 724 Bt Y
7| 3842 S0t

= [«)
£ 4UBINOD, BEG OAEE S82 Wo-2 720 A= B
T BHRIE S5 U AMOALE i ZHS S opufat

Aagelns HRseet 2izad R 2eig 4 o,
2 Q01N ARE T2 S2IE AT T2 B IE
22| HiE510f MUHE AR Free-Ca0 40| 52 17| &

sdaE dixer V(= et s2aE AESIRAT. Callfree—

634 vol. 9, No. 4 (2021)

Moz S5l Q= C ~ gl of0]
Zlaging) 10| ERoHH, & A0 A2 IJ7 2 et s2ia
= = (] o o=z N HEE SMhE 06 M
ES 37H°J 0|)\F Q-HO|II ‘!PHO -IX;i MNMEHE] IIHE )\|-_9_ |-0=I|:|>
Table 12 S22 SAHF LBF SxHol| et HMids2i 1ol x
SULMORF) 212 BEL XY WIISBEAY U £YeY
SEMNZIE0M HAlsks &34 &0 25 7[&EX| 0[6t=2
SHE0| B3N QPYNS 2B
2 AF0IM AZE ZX2l 7224 E7h= Ol Table 22t
2 My S| B2 Fe 20| Z0t YBIEXY ] of
1481 =2 EY0| el +3YE M H 7= =487t 21
2= SRS UESIUCH
Table 2. Aggregate characteristics(granite, slag, RAP)
Property Units | Specifications | Granite | Slag | RAP
Density g/em’ 25< 267 | 3.60
Absorption % <3.0 0.62 | 1.23
Soundness % <12 3.7 2.5
Abrasion % <35 262 | 199
Flat or elongated % - 13 1
Crushing value % 85< 100 100
Bitumen coverage % 50= 55 52
Immersion expansion % <2.0 0 0
Old asphalt content % 38< 4.8
Old asphalt penetration | - 20=< 23.0
Washing test % <5 1.9
Organic material % <1 0.53
Inorganic material % <1 0.03
Water supply ratio % <5 2.4
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Table 4. Hot mix asphalt evaluation results
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Fig. 1. Gradation of WC-2(R)
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Table 3. Aggregate gradations of asphalt mixtures
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Fig. 3. Test equipment and testing materials of fatigue crack

Table 5. Test condition of fatigue crack test

Type Explanation

Analysis of the fatigue crack and fracture

Test .
est purpose property of asphalt mixtures

Specimen size 100mm x 50mm

Stress control

Fluctuation according to type of asphalt mixture

Load mode

Input stress

Cyclic load Load cycle : 1Hz
Sitting load SON
Test temperature 20°C

Temperature control Using the thermocouple

Load Cycle 150 000, horizental deformation

End of test Imm<, Strain Ratio 50
Def ti . . .

ormation Horizental deformation(mm) according to LVDT
measurement

Fig. 4. Test equipment and testing materials of hamburg wheel
tracking test
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Fig. 5. Summary of accelerated pavement testing
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Table 6. Results of WC-2 asphalt mixture dynamic modulus

Test condition Value
Temperature(°C) | Frequency (Hz) \E*\(N[Pa) Phase angle(6)
25 14 392 747
10 13 444 6.37
5 13 022 6.99
10 1 11 610 7.54
0.5 10 845 7.88
0.1 9 607 9.06
25 6 953 25.38
10 6 574 26.50
5 5 605 26.33
2 1 3 827 24.90
0.5 3 146 27.75
0.1 2232 31.77
25 1 031 44.63
10 768 31.88
s 5 556 30.04
1 250 33.03
0.5 187 3247
0.1 119 27.71
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Table 7. Results of Slag WC-2(R) asphalt mixture dynamic modulus

Test condition Results
Temperature(°C) | Frequency (Hz) | | E*\(MPa) Phase angle(6)
25 58 833 2.77
10 61 046 6.07
10 5 62 462 6.80
1 56 510 6.94
0.5 55 666 7.28
0.1 51 134 9.06
25 22 846 15.71
10 20 616 19.65
5 18 058 21.28
2 1 13 098 24.11
0.5 11 289 25.61
0.1 7 630 30.84
25 3293 53.15
10 2 510 44.32
s 5 1 825 39.68
1 875 38.43
0.5 679 36.89
0.1 397 33.79
Table 8. Results of fatigue resistance test
Type Indoor test results Stress conversion result
Stress No of loading Stress No of loading
550 149 991 350 197 595
Slag 950 51 891 450 173 786
WC-2(R)
1 150 8 881 550 149 991
350 149 991 350 149 991
WC2 450 40 861 450 40 861
550 15 001 550 15 001
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Number of Cycle

Fig. 9. Results of Slag WC-2(R) fatigue crack test



Ny o0 U ABBUS N8BS 28 ofAZE 28120 &| T8N Tt

715 A ofR 59| Y= BAler it Y8 WC-2 Liit] Slage
L wecsen WC-2(R) ZHEZ BEO| A4HS XMefd0| oF 45% = ZAL
| slotct
g 100
& 00 Table 9. Rutting depth(mm) according to loading
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Average 14.1 13.2

Fig. 10. Results of WC-2 fatigue crack test
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Table 11. Compaction slope of asphalt mixtures

Reic Compaction
Type ESALs |Ndes| Nini | Cdes | Cini Sl‘(’) :
(million) P
<03 50 6 | 94.7% | 84.5% 11.15

WC-2

0.3t0<3.0 | 75 7 | 96.1% | 85.3% 10.44
Slag <03 50 6 | 91.7% | 82.7% 9.80
WC-2(R) | 03t0<3.0 | 75 7 | 93.1% | 83.4% 9.41
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Fig. 12. Level of compaction by gyration compaction
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