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Performance of Asphalt Mixture under Repeated Ice

TAN Yi-qiu', ZHAO Li-dong'., LAN Bi-wu®?, CHEN Ke-qun’
(1. School of Transportation Science and Engineering, Harbin Institute of Technology, Harbin 150090, China; 2. Guangdong
Highway Design Institute Co. , Ltd, Guangzhou 510630, China; 3. Highway Administration Bureau of Guizhou
Province, Guiyang 550003, China)

Abstract: The influence of repeated ice cycles on volume indexes, mechanical properties, high and low tem-
perature performance and water stability of asphalt mixture were analyzed through related experiments.
For southern plateau wet pavement, the dense gradation AC-16 mixture was adopted in experiments,
which was used to be the top layer of local asphalt pavement. The experimental condition was established
according to related references and actual condition; and kinds of performance experiments were executed
with specimens under different ice cycles. The results showed that the initial void plays major role on the
void of mixture during repeated ice cycles. The high temperature stability of mixture decreased with the in-
crease of repeated ice cycles . The mechanical properties, water stability, and low temperature properties
of mixture have greater degree of attenuation after repeated ice cycles, which decay rapidly at about first 8
cycles, then decay tended to be stable.

Key words: asphalt mixture; repeated ice cycles; volume parameter; mechanical property; road perform-
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Fig. 1 Asphalt mixture loose and net-shaped crack

resulted from icing process
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Table 1 Conventional performance of 70 Asphalt
Test Technical
Ttem s e(f mea Test method
result requirement
Penetrati 100 g,5 s,
ene_r: ion( g,5s 68 60~80 JTJ T 0604
25°C)>/0.1 mm
Ductility (5 in,
ucti 1,}:(\) cm/min ~140 =100 JTJ T 0605
15°C)/cm
Softening point/C 49 =45 JTJ T 0606
Relative density(15 ‘C)
clative lef / 1.009 Actual measure JTJ T 0603
(g+cem ?)

1.2 SRR A
A S T P SRR R () ) 9 B 4
42,3 . M7 2.3 W UL BT I S BURE ()
B S5 19 S B H A B R
®2 HERNFER

Table 2 Mechanical index of coarse aggregate

Test result Technical

Index .
10~30 mm 10~20 mm 5~10 mm redquirement

Crushing value

10.5 11.2 — <26
(by mass)/ % 7 -
Water absorption
0. 35 0.48 0.51 <2.0
(by mass)/ % 7 ’ B
A t densit
pparent censt ' g ss7 2.896 2.885  =2.60
(g+cm )
Adhesion 5 =4
Flat grain content 9.2 8.5 8.6 <15

(by mass)/ %

R3I THHRARIER

Table 3 Technical properties of the mineral powder

. Technical
Ttem Mineral powder . °
requirement

Apparent density/(g+ cm *) 2.740 =2.45
<0. 6 mm 100 100

Size range/ % <<0.15 mm 95.0 90~100

<20. 075 mm 89.0 75~100
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AR SORE RS R B R i 43 8 TG F40-—2004
(O B 7 I T e T R R ) i AC-16 {9 e
HATRL G ik it & Bl A it 45 th s Al A T
H 4. 9% R 4y B0 HAR A R WL 3R 4, Ko i
VMA i ] B8 VEA g il FEE .
F4 BRERSENHE
Table 4 Mixture properties

Void ratio VMA (by
(by volume) /% volume)/%

VFA(by Marshall Flow
volume) /% stability/kN value/mm

3.6 15.3 74.71 12.58 3. 60
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Table 5 Meteorological data of Majiang , Guizhou Province in

January, 2008 C
Date Highest Lowest Date Highest Lowest
temperature temperature temperature temperature
1 7.5 0.8 16 1.4 —4.2
2 6.4 —1.7 17 0.4 —3.8
3 6.7 3.1 18 1.2 —3.2
4 7.1 4.2 19 2.4 —3.8
5 11.0 4.3 20 2.3 —3.4
6 16.5 3.6 21 3.4 —4.3
7 14.1 3.5 22 —2.6 —4.2
8 15.1 8.7 23 —3.2 —3.9
9 18.5 4 24 —3.7 -5
10 18.7 13.1 25 —4.2 —5.3
11 21.8 14.3 26 —4.2 —5.5
12 15.5 —0.7 27 —5.3 —6.9
13 0.6 —2.6 28 —3 —5.6
14 2.6 —4.2 29 —1.6 —4
15 2.2 —4.8 30 —2.9 —4
31 —2.9 —4.8
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Fig. 2 Mass change of mixture in water
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Fig. 3 Cumulative percentage of mixture mass
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change in water
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Table 6 Compressive strength and modulus of samples after repeated icing process

Number of repeated Maximum load/

Compressive strength/

Modulus

Modulus/MPa Strength degradation/ %

ice kN MPa degradation/ %
0 34. 8 4.4 1485. 3 0 0

4 30. 3 3.9 1197.1 13.0 19.4

8 29.5 3.8 852.0 15.2 42.6

12 20.5 2.6 728.0 41.0 51.0

16 18.9 2.4 723.3 45.7 51.3

20 17.9 2.3 696. 7 48.5 53.1
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Table 7 Splitting tensile strength of samples at room temperature

after repeated icing process

Number of Maximum  Splitting tensile Splitting
repeated ice load/kN strength/MPa  strength ratio/ %
0 10. 04 0.98 100
4 8.59 0.82 83.7
8 8. 36 0. 81 82.6
12 7.91 0.76 77.6
16 7.84 0.76 77.4

20 7.74 0.74 76.1
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Table 8 Splitting tensile strength and stiffness modulus of samples at low temperature after repeated icing process
Number of . . . A Splitting tensile Stiffness Splitting strength Stiffness
M load/kN  Tensile strainX 10 °

repeated ice aximum load/ enstie straim strength/MPa modulus/MPa degradation/ % degradation/ %
0 52.5 2526 5.3 3632.9 100 100
4 47. 2 2 859 4.7 2 844.8 88.7 78.3
8 42.0 2707 4.3 2737.7 80.9 75.4
12 41.4 2936 4.3 2497.5 80. 1 68. 8
16 39.9 2979 4.1 2 350.4 76. 4 64.7
20 35.6 3119 3.6 2000.7 68. 1 55.1

Note: The Poisson’s ratio p is 0. 25(—10 C).
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