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Abstract. Due to the lack of skid resistance, poor flatness and difficult mainte-

nance of cement concrete pavement in tunnel, it is urgent to carry out the over-

lay project of asphalt mixture. Aiming at the maintenance requirement of "white 

to black" of tunnel cement concrete pavement, the mix ratio design of reactive 

asphalt ultra-thin cover was carried out, and the road performance of SBS 

modified asphalt and its mixture was compared and verified in this article. 

Combined with engineering application, the key construction technology of 

reactive asphalt ultra-thin cover in "white to black" application of tunnel cement 

concrete pavement was summarized. The field test and long-term performance 

tracking confirm that this technology has a good application prospect. 

Keywords: Reactive bitumen; Ultra-thin surface; Process of construction; 

Long-term performance 

1 Introduction 

Due to the advantages of high stiffness, high bearing capacity, long service life and 

low maintenance cost in the early stage, cement concrete pavement is widely used in 

the surface pavement of expressway tunnels. However, with the continuous increase 

of traffic flow, problems such as insufficient anti-skid performance, loud traffic noise, 

poor smoothness and difficult maintenance of tunnel cement pavement [1-2] have be-

come increasingly prominent. The use of ultra-thin asphalt mixture cover to "change 

white to black" on cement concrete pavement has gradually become a development 

trend of tunnel pavement reconstruction [3], but there are also several problems in the 

implementation process. First, the construction temperature required by the high-

viscosity asphalt used in the ultra-thin surface is too high. As a relatively closed 

space, a large amount of smoke can not be discharged in time during the construction 

process, resulting in low construction visibility, which not only affects the construc-

tion quality but also has adverse effects on the health of construction personnel. Sec-

ond, compared with outside the tunnel, the ambient temperature inside the tunnel is  
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lower, and the cooling speed is faster when the ultra-thin coated asphalt mixture is
spread, so the compaction degree of the road is difficult to ensure, resulting in early
diseases such as peeling of the road surface. Third, the stiffness of cement board is
high, and the thin asphalt surface is easy to produce reflection cracks and fatigue
cracks due to stress concentration [4-5].

In this paper, according to the demand characteristics of ultra-thin surface in tunnel
cement pavement maintenance, a reactive asphalt ultra-thin surface technology with
low construction temperature, good skid resistance and excellent fatigue resistance is
designed. Compared with the traditional high-viscosity asphalt ultra-thin overlay
technology, it can effectively solve the problems of smoke emission, insufficient
compaction and cracking of the overlay layer in the construction process. Through
laboratory tests and engineering applications, raw materials, grade optimization de-
sign, road performance, construction technology and project implementation effects
of reactive asphalt ultra-thin surface are verified and evaluated. This will promote the
application of ultra-thin surface technology in the "white to black" maintenance of
tunnel cement pavement.

2 Mix Ratio Design

The reactive asphalt mixture belongs to the warm mix asphalt mixture in terms of
technical type, so the mix ratio design adopts the same mix ratio design method as the
hot mix ultra-thin cover asphalt mixture.

2.1 Preparation of Reactive Bitumen

The asphalt used in this paper is SBS modified asphalt (I-D) produced by an asphalt
factory in Shanxi Province. The modifier is self-developed reactive asphalt modifier,
which is made of plasticizer, epoxy resin, crosslinking agent, surfactant and other
auxiliaries through a certain modification process. First of all, the SBS modified as-
phalt is heated to 150℃-160℃, adding 10% (mass percentage) of reactive asphalt
warm mixing agent, stirring and mixing for 20 minutes, reactive composite modified
asphalt (referred to as reactive asphalt) can be prepared.

2.2 Mix Grading Design

The test materials used in this paper are 10-15mm and 5-10mm basalt, 0-5mm lime-
stone and mineral powder produced in Shanxi Province, and the test results of raw
materials meet the relevant requirements.

In order to ensure that the tunnel pavement has excellent and durable skid re-
sistance while taking into account the high, low temperature and fatigue resistance of
the asphalt mixture, a new skeleton dense ore grading (HiRM-13) is proposed in this
paper. The mineral grading composition is shown in Table 1 and Figure 1.
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Table 1. Sieve pass rate of HiRM-13 ore gradation

Screen size/mm 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Upper limit 100 100 90 50 34 25 19 15 12 9
Median gradation 100 96 85 40 25 18 14 11 9 7
Synthetic gradation 100 95.5 81.8 39.9 27.0 21.3 15.9 10.6 8.2 6.6
Lower limit 100 92 80 30 16 11 9 7 6 5
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Fig. 1. Gradation diagram of HiRM-13

2.3 Determine the Optimal Oil Stone Ratio

Marshall design method was used to determine the optimum oil stone ratio of reactive
asphalt ultra-thin finish mixture. The forming conditions of the specimen are as fol-
lows: mixing temperature is 150℃-160℃, compaction molding temperature is 140℃-
150℃, and double-sided compaction is 75 times. The test results of reactive asphalt
mixture are shown in Table 2.

Table 2. Test results of reactive asphalt mixture

Serial
num-
ber

Qil
stone
ratio

Relative densi-
ty of gross

volume

Voidage Voids of
Mineral

Aggregate

Asphalt
saturation

Marshall
stability

Flow
value

1 4.0 2.519 5.5 14.7 62.8 10.8 3.5
2 4.5 2.551 4.1 14.1 71.2 12.2 4.2
3 5.0 2.536 3.3 15.0 78.0 11.7 4.9
4 5.5 2.528 2.8 15.8 82.4 10.3 5.8

In this study, 4% was used as the target voidage of HiRM-13 reactive asphalt mix-
ture, and 4.7% was selected as the best oil-stone ratio of HiRM-13 reactive asphalt
mixture by analyzing the variation of Marshall test parameters with the oil-stone ratio.
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3 Performance Test

In order to verify the performance of reactive asphalt and asphalt mixture, the paper
compares the performance indexes of SBS modified asphalt and reactive asphalt and
the road performance of the mixture.

3.1 Properties of Modified Asphalt

The performance indexes of SBS modified asphalt and reactive asphalt are shown in
Table 3. Compared with SBS modified asphalt, the addition of reactive warm mixing
agent can greatly improve the penetration and ductility of asphalt and reduce the Bri-
nell viscosity of asphalt, thus effectively reducing the construction temperature of
asphalt mixture, but the softening point is slightly reduced. The reason is that the
reactive warm mix agent contains a large amount of organic plasticizer and a certain
amount of active groups. The organic plasticizer softens and reduces the viscosity of
asphalt, while the active groups chemically react with SBS modified asphalt to form a
three-dimensional network structure [6-7], which makes up for the mechanical proper-
ties of modified asphalt to a certain extent, so the softening point reduction is relative-
ly limited.

Table 3. Test results of two kinds of modified asphalt

Test item Unit SBS modified
asphalt

Reactive
bitumen

Test method

Penetration (25℃) 0.1mm 60.6 120.3 T0604-2011
Softening point ℃ 84.5 80.5 T0606-2011
Ductility (5℃) cm 32.6 58.7 T0605-2011
Brookfield viscosity (135℃) Pa•s 2.8 1.3 T0625-2011
Elastic recovery (25℃) % 97 99 T0662-2011

3.2 Properties of Asphalt Mixture

In order to verify the rationality of the design of the reactive asphalt mixture, the high
temperature stability, low temperature cracking resistance and water stability of the
asphalt mixture produced under the above optimized gradation and the optimal oil
stone ratio were verified. The performance test data of HiRM-13 asphalt mixture are
shown in Table 4.

Table 4. Road performance of two modified asphalt mixtures

Test item Dynamic stabil-
ity(Times /mm)

Bending strain
(-10℃, με)

Residual
stability (%)

Ratio of freeze-thaw
splitting strength (%)

SBS modified
asphalt mixture

6428 2805 91.3 82.5

Reactive asphalt
mixture

5824 4522 95.7 89.6
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In order to further verify the ability of asphalt mixture to resist fatigue cracking
under heavy traffic environment, the fatigue properties of two kinds of asphalt mix-
ture under large strain were tested, and the results are shown in Figure 2.
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Fig. 2. Bending fatigue life test results of four point beam with two asphalt mixtures at 15℃
and 10Hz

It can be seen from the test results in Table 4 and Figure 2 that, compared with
SBS modified asphalt mixture, reactive asphalt mixture has better low-temperature
cracking resistance, water damage resistance and fatigue resistance, so that the ultra-
thin surface of reactive asphalt can effectively reduce the temperature shrinkage
cracking and fatigue cracking caused by temperature stress and load stress of the
pavement, and achieve the effect of stress absorption. The high temperature stability
is slightly lower than the SBS modified asphalt mixture, but the nominal maximum
particle size and maximum aggregate particle size of the reactive asphalt ultra-thin
finish mixture are 13.2mm and 16mm, respectively, and the compacting thickness of
the cover layer is generally about 2 cm, so the reactive asphalt ultra-thin finish will
not cause rutting or pushing phenomenon due to heavy traffic.

4 Engineering Application

In order to verify the feasibility of reactive asphalt ultra-thin cladding technology, a
demonstration application was carried out in 2018 in the "white to black" project of
cement concrete pavement in a heavy-duty traffic tunnel in Shanxi Province, and the
implementation effect of the project was tested on site and long-term performance
tracking evaluation was carried out.

4.1 Process of Construction

The construction process of this project mainly includes the following points:
(1) After the local disease treatment of the original cement concrete pavement, the

milling machine is used to carry out 1cm fine milling treatment, which not only en-
hances the interlayer bonding, but also improves the pavement smoothness [8].
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(2) For the horizontal and longitudinal joints of the cement concrete panel, polyu-
rethane flexible joint filling glue at room temperature is first used to fill the joints, and
then a certain amount of gravel is scattered to delay the reflection cracks of the ce-
ment concrete panel.

(3) For the construction of viscous layer oil, after the road is cleaned and washed, a
layer of ordinary emulsified asphalt viscous layer oil with low solid content
(30%~40%) is sprinkled first, and after the emulsion is broken and formed, the traffic
is opened for a period of time, and the cement floating slurry in the depth of the road
surface structure is cleared by driving action. Then spread a layer of SBS modified
emulsified asphalt with 65% solid content.

(4) The mixing temperature of reactive asphalt mixture is 150~160℃, the spread-
ing temperature is 140~150℃, and the final pressure temperature is 80~90℃.

(5) The paver is automatically levelled for paving, the paving speed is 3~5m/min,
the virtual paving thickness is 2.5cm, the compaction thickness is 2.0cm.

(6) Rolling according to the initial pressure, repressing, final pressure three stages,
the initial pressure and final pressure using double steel wheel roller, repressing using
more than 26 tons of rubber wheel roller rolling 6 to 8 times.

4.2 Field Test

After the construction of the ultra-thin reactive asphalt surface, the appearance, com-
paction degree, structural depth and friction coefficient of the road surface were tested
on site, and the results were shown in Table 5.

Table 5. Field test results of reactive ultra-thin asphalt mixture surface

Field test item Unit Test result
Pavement appearance - Flat, compact, no segregation and no drag marks
Degree of compaction % 99.3%

Structural depth mm 1.1mm
Friction coefficient BPN 68

The test results show that the ultra-thin surface of reactive asphalt can still main-
tain good construction workability at a lower construction temperature (more than
30℃ lower than the high viscosity asphalt mixture), and the dense skeleton type
HiRM-13 grading has good micro and macro structure and good skid resistance.

4.3 Long-term Performance Tracking

The long-term performance of reactive asphalt ultra-thin surface was evaluated by
tracking the technical condition test results of the road before and after the implemen-
tation of the ultra-thin surface year by year, and the test results of the road damage
condition index and driving quality index were shown in Figure 3.
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Fig. 3. Test results of pavement technical condition before and after the implementation of
reactive asphalt ultra-thin surface

As can be seen from Figure 3, compared with the original road surface (2017), road
surface damage and driving quality have been significantly improved after the imple-
mentation of the reactive asphalt ultra-thin finish. Except for the rest of the road sec-
tions, the road damage and smoothness have changed very little in the past six years
after opening to traffic, and the road condition rating is excellent. On the one hand, it
is due to the different calculation methods of the road condition index of cement con-
crete pavement and asphalt pavement [9], and on the other hand, it is due to the inade-
quate treatment of the transverse and longitudinal joints of the cement panel before
the ultra-thin cladding within the pile number range of this road section, resulting in
reflection cracks after opening to traffic. However, the pavement damage index is still
above 90 points, indicating that the damage area is small.

In addition, compared with the ultra-thin surface of reactive asphalt, the traffic ac-
cident rate of this section after opening to traffic is obviously reduced due to the im-
provement of flatness and anti-skid performance of the road surface. In general, the
ultra-thin surface of reactive asphalt has achieved the expected effect.

5 Conclusions

The results of this study show that the addition of reactive asphalt modifier can great-
ly improve the penetration and ductility of asphalt, reduce the construction viscosity
of asphalt, effectively reduce the construction temperature of asphalt mixture, reduce
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smoke emission, and improve the compaction degree of pavement. Compared with
SBS modified asphalt mixture, reactive asphalt mixture has better low temperature
crack resistance, water damage resistance and fatigue resistance, and achieves the
effect of stress absorption. The application of reactive asphalt ultra-thin surface in the
"white to black" project of tunnel cement road surface has good technical feasibility,
and the expected service life can reach more than 8 years, which has a good prospect
of popularization and application. In view of the application of the ultra-thin cover
technology of reactive asphalt mixture in tunnel maintenance, the next step will focus
on lower construction temperature, better anti-slip and noise reduction performance,
and better driving comfort, so as to provide better driving experience for the public
travel.
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