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ABSTRACT

In this study, the performance of foamed warm-mix recycled asphalt pavement were compared through the accelerated
pavement testing (APT) and Marshall testing. Three test pavement section to compare the long-term performance of foamed
warm-mix recycled asphalt pavement (12.5 m length and 2.1 m width) were constructed for the APT. The results of APT
showed the experimental group is equivalent or superior to the comparison group. Finally, recycled foamed asphalt pavement
and semi-warm mix asphalt pavement presented equivalent long-term performace than Hot recycled asphalt.
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Fig. 1. Test-bed for accelerated pavement test
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Fig. 2. Construction of test bed



Fig. 4. HAPT (Hanyang Accelerated Pavement Tester)
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Fig. 5. Measuring rut-depth of surface using a straightedge (ASTM, 2015)

Table 1. Rutting by repeated ESALs

Rutting depth (mm)
Repated Hot recycled asphalt Recycled foamed apshalt Semi-warm mix asphalt
ESALs (40°C)

1 2 3 1 2 3 1 2 3

25,245 43 4 4 3.1 3.5 2.5 3.2 3.1 33

49,565 5.5 5.2 4.5 3.7 3.7 34 3.8 4.1 4
102,045 6.8 7 6.1 4.7 49 3.8 5 5.2 5.2
136,605 7.5 7.9 6.6 53 5.5 4.4 5.7 6.1 6.1
171,165 8.1 8.5 6.9 5.6 5.6 4.6 6.4 6.5 6.5
213,405 9.1 9.3 8.1 6 6.2 5.3 6.7 6.9 7.4
290,205 10.2 10.2 9 6.3 6.6 5.8 7.3 74 7.8
401,565 12.1 11.7 9.8 7 7.9 6.4 8.1 83 8.6
464,285 124 12.1 10.7 7.5 83 6.8 8.5 8.5 9.4
551,325 13.2 12.9 11.4 7.8 8.5 7 9 8.8 9.6
715,165 14.4 14.6 12.7 8.7 9.4 8 9.9 9.6 10.5
1,003,165 15 15 13 9.5 10 8.5 10.2 10.2 11

Ave.(1,003,165) 143 93 10.5
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Table 2. Rutting by repeated ESALs (only surface layer)
Rutting depth (only suface layer) (mm)
Repated Hot recycled asphalt Recycled foamed apshalt Semi-warm mix asphalt
ESALS (40°C) yeledasp Y P P
1 2 3 1 2 3 1 2 3
25,245 2.8 2.8 34 2.6 3.5 2.7 32 2.9 3.5
102,045 3.6 3.5 43 34 42 33 3.9 3.8 4.5
136,605 3.9 3.6 4.6 3.6 42 3.4 42 3.9 4.7
171,165 4.1 3.9 4.8 3.7 44 3.5 43 4.1 49
213,405 43 4 5 3.8 44 3.6 44 42 5.1
290,205 4.6 43 52 4.1 4.6 3.7 4.5 4.4 53
401,565 4.8 4.8 5.7 43 4.7 39 4.7 4.6 5.4
464,285 5 5 6 44 4.7 4 4.8 4.7 5.5
551,325 52 52 6.1 4.5 4.8 4.1 49 4.7 5.6
715,165 5.9 6.0 6.8 4.7 5.1 44 5 49 5.8
1,003,165 6 6.1 6.9 5.1 52 4.5 52 5 6.1

Avg(1,003,165) 6.4 5.0 5.4
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Table 3. Rutting by repeated ESALs (sub-layer without surface layer)

Rutting depth (only sub-layer without surface layer) (mm)

E SIA{Eza(T(()jQ 0 Hot recycled asphalt Recycled foamed apshalt Semi-warm mix asphalt
1 2 3 1 2 3 1 2 3
25,245 1.5 1.2 0.6 0.5 0 -0.2 0 0.2 -0.2
102,045 32 3.5 1.8 1.3 0.7 0.5 1.1 1.4 0.7
136,605 3.6 43 2 1.7 1.3 1 1.5 2.2 1.4
171,165 4 4.6 2.1 1.9 1.2 1.1 2.1 2.4 1.6
213,405 4.8 53 3.1 22 1.8 1.7 23 2.7 23
290,205 5.6 5.9 3.8 22 2 2.1 2.8 3 2.5
401,565 7.3 6.9 4.1 2.7 32 2.5 34 3.7 32
464,285 7.4 7.1 4.7 3.1 3.6 2.8 3.7 3.8 3.9
551,325 8 7.7 53 33 3.7 2.9 4.1 4.1 4
715,165 8.5 8.6 59 4 43 3.6 4.9 4.7 4.7
1,003,165 9 8.9 6.1 4.4 4.8 4 5 52 4.9
Avg.(1,003,165) 8 4.4 5.0
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(c) Experimental group 2 - Semi-warm mix asphalt
Fig. 7. Surface condition after APT

Hot recycled asphalt 1 i BO Hot recycled asphalt 2 . Hot recycled asphalt 3 i
¢ " \/\A-\\L,// ¢ . ¢ \“"\I/
12.4mm 13.3mm 10.2mm
(a) Control group - Surface layer of hot recycled asphalt (Avg. 12.0mm)
Recycled foamed asphalt 1 Recycled foamed asphalt 2 T Recycled foamed asphalt 3
g = i \ = % T =
~——17 | SO
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(b) Expenmental group 1- Surface Iayer of recycled foamed asphalt (Avg 8. 9mm)
H < ] H T H I J—
= = —
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(c) Experimental group 2 - Surface layer of Semi-warm mix asphalt (Avg. 11.9mm)
Fig. 8. Final rut depth using laser profilometer (1,003,165 ESALs)
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Table 4. Result of marshall test

. . Marshall
Density Porosity flow value stabilit Remarks
(g/em’) (%) (1/100 cm) Y
N)
Standard - 3~6 20~ 40 5000 <
1 2.405 3.5 32.0 10,390 (® Compaction temperature
: 140°C
Hotrecycled 2 2.409 34 29.8 1211 @ wea
asphalt 3 2410 33 311 11250  DAP48%,
@ RA (Regenerative
Avg. 1.605 33 273 8,867 additve) 7.2%
1 2408 3.3 34.8 10,454 ® Compaction temperature
Recycled 2 2414 3.1 33.0 10,161 o v;éSZC
foamed asphalt 3 2415 3.0 312 10317 3 AP4.8%
Avg. 2.142 32 317 987  @DRAT2%
1 2412 32 31.6 11,595
(D Compaction temperature
Semi-warm mix 2 2.409 33 333 11,716 - 105°C
asphalt 3 2414 3.1 34.0 11,880 ~@QWC2
® AP 4.4%

Avg. 2.321 3.2 322 11,046
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