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Study on the Long-term Performance of Warm Mix
Asphalt by Accelerated Loading Test
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Abstract ; The purpose of this paper is to study the long-term performance of warm mix asphalt
mixture which added with Alpha-min, Sasobit and DAT respectively. The routine performance tests
and MMLS3 accelerated loading test were used to evaluate the pavement performance of three
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kinds of warm mix asphalt mixture ( WMA ) , and the long-term rutting resistance of WMA was
estimated by rutting depth prediction method based on rutting test. The results show that the
performances of the three WMA could basically reach the technical level of HMA. However the
water stability of WMA is poor after adding Alpha-min and Sasobit, so some improvement
measures should be taken when it is used in rainy areas, especially in rainy and cold areas. It's
found that there are two stages of rutting deformation curve of asphalt mixture;the rapid increase
of compaction stage and the steady increase of creep stage,by MMLS3 accelerated loading test.
And the rutting depth has a good logarithmic relationship with the number of loading times, while
the regression coefficient “a” could better represent the rutting resistance of asphalt mixture. When
MMLS3 accelerated loading test is used to evaluate the rutting resistance of asphalt mixture, the
standard loading times can be selected as 200 000-300 000 times. In general, the rutting resistance
and fatigue resistance of WMA can basically reach or even exceed the technical level of HMA.

Key words :road engineering ; warm mix asphalt;accelerated loading test;long-term performance
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Table 3 Technical specification of warm mix agent
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Table 2 Technical specification of asphalt

25 CHFAJE/0. 1 mm L¢id-vae 5 CIEJE/cm

59.8 83.3 46. 1

ek IES FHE 5 A%
Aspha-Min BR—BRARRER 0.3% , 5 F R IMASER, N ZAE KPR 6]
Sasobit BHE—BCAITE SRR RN 1% ~3% , ] R ESGRIE AN, 75 Z58 23000 P mhn) . gk
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Table 4 Gradation of AC-13

RS AC-13 UMD RS BRI AL
Table 5 The optimum asphalt content of AC-13 HMA

LT /mm WA/ %

16 100
13.2 97.0
9.5 79.3
4.75 49.4
2.36 39.9
1. 18 29.4
0.6 19.6
0.3 13.1
0.15 10. 4
0. 075 7.9
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Table 6 The pavement performances test results of HMA and WMA

RE KA BKIRBAIERE /%  REEFRGRIEZIL/ % e/ (Semm ") BoRBERE RN AE/10 -6
HMA 96. 4 94.8 4 689 6 253
Aspha-min WMA 100. 9 69.7 4525 5930
Sasobit WMA 96. 4 83.5 4508 6 207
EvothermDAT WMA 96.2 85.7 4523 5304

1 MMLS3 %% 4%
Fig.1 MMLS3 test equipment
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Fig. 3 Condition of 4 cm thick specimen after 490 000 times of loading
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Table 7 Rutting deformation of 4 cm thick specimen during loading
; , ZERR E /mm

RAR% — — " o - - -
5w 105k 15K 20 IR 25 Tk 30 AR 35 Ik 40 K

HMA 1.63 1.77 1. 84 1.89 — 1.95 — 2.04

Evotherm DAT WMA 1. 67 1.74 1.77 1. 86 1.83 1.91 1.96 1.95

Aspha-min WMA 1.30 1.38 1.46 1.56 1.61 1.53 1. 64 1.63

Sasobit WMA 1.50 1. 80 1.96 2.04 2.00 2.06 2.15 2.19
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Fig.4 Condition of 5 cm thick specimen after 690 000 times of loading
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Table 8 Rutting deformation of 5 cm thick specimen during loading
R SHW 108 15Tk 20 iﬁi\m;g;ﬁ 30 Sk 405 50 TR
HMA 1.63 1.78 1.92 1.96 — 2.06 2.16 —

Evotherm DAT WMA 1. 84 2.30 2.19 2.34 2.44 2.43 2.51 2.50
Aspha-min WMA 1.76 1.95 1.90 2.20 2.29 2.30 2.34 2.34
Sasobit WMA 1.77 1.89 2.09 2.06 2.16 2.21 2.25 2.35
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Table 9 Parameters of accelerated loading test

g/ Mm

Ay TPl t,/C po/MPa No/TT IR vo/ %

4 cm iR 5 em R A
HMA 2.04 2.16 55 0.7 40 4.0
Evotherm DAT WMA 1.95 2.51 55 0.7 40 4.0
Aspha-min WMA 1.63 2.34 55 0.7 40 4.0
Sasobit WMA 2.19 2.25 55 0.7 40 4.0

R0 FRGRE B TS

Table 10 Parameters for rutting depth calculation

t/C p/MPa N/ TR v/ %

60 0.7 1200 4.0
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Table 11 Results of rutting depth estimation

Rp/mm
IR D
ik Evotherm Aspha-min  Sasobit
DAT WMA WMA WMA
4 3.45 3.29 2.75 3.70
5 3.65 4.24 3.95 3.80
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Fig.5 Regression curve of rutting depth and load times
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Table 12 Regression coefficient of rutting depth and load times
4 cm &M 5 cm {4
e
a b R? a b R?
HMA 0.188 6 1.328 1 0.993 0 0.251 6 1.217 7 0.9929
Evotherm DAT WMA 0.142 3 1.418 6 0.927 9 0.270 0 1.514 3 0.853 4
Aspha-min WMA 0. 168 6 1.0190 0.914 6 0.2856 1.284 2 0.886 3
Sasobit WMA 0.307 5 1.059 9 0.951 7 0.248 1 1.358 3 0.968 3
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(b) Aspha-min WMA
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Fig. 6 Fatigue cracking of different specimens during accelerated loading test
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Table 13 Results of rutting depth estimation

) ) ZERR S/ mm
TRA R Y%/ VIR - -
4 cm i 5 em iR
HMA 1 200 2.67 3.00
Evotherm DAT WMA 1200 2.43 3.43
Aspha-min WMA 1200 2.21 3.31
Sasobit WMA 1200 3.24 3.12
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