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Abstract: Based on the engineering background that the
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vehicle exhaust emission forms oil film on the surface of
tunnel asphalt pavement, which leads to the rapid
attenuation of pavement skid-resistance performance, the
attenuation law of asphalt mixture skid-resistance
performance under the combined action of humidity and
tail gas and the formation mechanism of tail gas oil film
are explored. Using constant temperature and humidity
curing box and self-made exhaust gas treatment system,
the combined effect of different humidity and tail gas on
three kinds of asphalt mixture rut plate specimens was
simulated, and the British pendulum number (BPN) was
used to characterize the skid-resistance performance of
the

simulation was carried out on the water (anhydrous) tail

specimens. In addition, molecular dynamics
gas - asphalt interface to explore the micro mechanism of
tail gas oil film formation. The results show that the
British pendulum number of three asphalt mixtures shows
a linear downward trend with the increase of tail gas
treatment time under relatively dry and completely moist
1h under

the attenuation range of

conditions. After tail gas treatment for
completely moist conditions,
skid-resistance performance of OGFC mixture is nearly
30% lower than that of the other two mixtures. OGFC
mixture has better skid-resistance performance, and has
good skid-resistance durability under the combined action
of humidity and tail gas. The skid-resistance performance
of asphalt mixture caused by tail gas oil film is difficult to
dissipate naturally and has cumulative effect. Tail gas oil
film is the main reason for the rapid attenuation of skid-
resistance performance of asphalt mixtures. The tail gas
oil film is mainly formed in the process of cooling after the
tail gas is discharged. Water molecules mainly exist in the
range of 0~5 A near the tail gas molecules, filling the gap
between tail gas molecules. Its strong polarity can attract
tail gas molecules and contribute to the adsorption of tail

gas on the surface of asphalt molecules.
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Tab.1 Basic properties of 70# SBS modified asphalt
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25°CEF A 0. Imm 73.5
5°CHEfE cm 44. 6
A ‘C 63.2
60°Ch JIZERE Paes 8 564
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fdi il AC-13C .SMA-13,OGFC-13 = Fi 2 1 {1y
WEIRARL, =R &R AR A L s AC-
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B L anZR 2 Fiom o
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Tab.2 Mix proportion of asphalt concrete

L) /mm 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15  0.075
AC—13CHIJEIar/ % 100 90~100 68~85  38~68 24~50 15~38 10~28 7~20 5~15  4~8
AC~13C BFrgHE/ % 100 95 75 42 30 22 17 12 8 6
SMA~13 MIFETE I/ ¥ 100 90~100 50~75  20~34 15~26 14~24 12~20 10~16  9~15 8~12
SMA~13 HFrgeHL/ % 100 91.3 67.6 24.2 17.1 14.8 13.6 12.5 11.5 9.7
OGFC~13HJEE [/ % 100 90~100 60~80 12~30 10~22 6~18 4~15 3~12 3~8 2~6
OGFC~13 BARgHe/ % 100 97.3 66. 4 18.3 14.3 11.2 8.9 6.6 5.5 4.6
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Fig.1 Humidity maintenance and BPN measurement
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Fig.2 Tail gas treatment system
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Tab.3 BPN of rut plate specimens under combined

action of humidity and tail gas
TR PRPAEAN ] R A BRI ] (min) A3

e
%1k - 0 15 30 45 60

AC—13C  74.8 74 72.8  72.2 69
T4 SMA—13  75.6 74.8 73.2 71.6 69
OGFC—13 82.2 80.6 77.8 76.2 74.6
AC—13C  63.8 62.8 62.2 57.6 54.2
e SMA—13  66.6 63.6 62.4 60.2 56.6
OGFC—13 71.4 69 67.8 66.6  63.8
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Fig.4 Variation of BPN of three kinds of specimens under different combinations of
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Fig.5 The rut plate specimen after different time
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Fig.6 Recovery of BPN of each specimen after one
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cycle treatment
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Tab.4 BPN and its recovery of three kinds of asphalt mixture under different conditions

p— AC—13C SMA—13 OGFC—13
PEINZ n
A, R,/ % B, A, R,/ % B, A, R,/%
0 73.2 75. 4 80.0
1 67.0 71.2 67. 74 68. 4 70. 6 31.43 73.8 76. 4 41.94
2 65.2 68.4 40. 00 66. 4 69.0 28.89 72.6 73.6 13.51
3 63.8 66.6 29.79 64.6 66.8 20.37 71.0 73.2 24. 44
4 62.6 63.8 11.32 62.8 63.4 4.76 69. 8 71.6 17. 65
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Fig.7 Skid-resistance performance of three kinds of rut plates after cyclic treatment
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Tab.5 Binding energy between tail gas and asphalt

under different conditions

25468 / kealemol ! #5468 / kealemol !

Qéfigiéiff (257) (60°C)
) Tk HK Tk HK
BEEFIRE 694.229  1187.453  704.319 998. 269
T lAERE 154. 686 37.894 164.218 33.004
FHHLRE 539.542  1149.559  540.101 965. 265
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Fig.8 Binding energy between tail gas and
asphalt under different conditions
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Tab.6 Binding energy of components in the model of water tail gas - asphalt interface

#5468 / kealemol ! (25°C)

#5488 / kealemol ! (60°C)

Sl BE T Y
AT R LA K —TH BRI K—REA K—TH RS- K—REA
SR 978.496 208. 959 1015. 608 805. 946 192. 323 982.912
PlER RS 4.747 33.145 25. 830 2.272 30.731 24.201
iR GE 973. 746 175.813 989. 776 803. 674 161. 592 958. 711
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K-S F ‘

60°C| m-4i 7

K-t |

KA P

25 °C| -

K-t

1
J
1000

1 1
400 600 800
254 HE / (kal-mol ™)

B9 HRES-HFREREFRASENESRE
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