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Abstract. Bending test of rubber asphalt mixture was studied, This paper selected 5 groups with
different aggregate gradation, to figure out rubber asphalt mix properties at low temperature. A
comprehensive indicator was considered by comparing the test results, included flexural tensile
strength, failure strain, bending stiffness modulus index. In reference to the results of test, the rubber
asphalt mixture with the median grade was recommended. On the basis, more experimental research
was conducted further. In view of the available situation, the small beam bend test at low temperature
was carried out, consisted of 20 mesh and 40 mesh rubber powder respectively. Our findings
demonstrate that at the same level of asphalt-aggregate ratio and gradation, the 40 mesh rubber
asphalt mixture has better performance at low temperature.

Introduction

Asphalt mixture cracking at low temperature brought a variety of diseases on asphalt pavement,
asphalt pavement, especially in temperature decreasing abrupt or large temperature difference region,
due to the effects of temperature and stress, asphalt pavement caused various cracks, which did
serious harm to the life and quality of the road. For the sake of crack reduction on asphalt pavement,
domestic and overseas scholars had taken up large-scale research on rubber additives in asphalt
mixture. According to test data from trial pavement section, we found that the addition of rubber
particles could improve low temperature performance of the road significantly, and reduce the
occurrence of crazes. However, with technology development, numerous experimental facts showed
rubber asphalt mixture low temperature properties related to not only cementing materials but also
rubber fitness and gradation closely.

Based on the analysis of rubber asphalt mixture low temperature cracking mechanism, the article
adopted low temperature failure strain, flexural tensile strength and stiffness modulus as the indexes
in the performance evaluation of rubber asphalt mixture at low temperatures, rational gradation for
rubber asphalt was given through test and analysis, and took this as a base, effect of rubber fitness on
asphalt mixture performance at low temperature was probed into.

Experimental

Materials

Select 90# petroleum asphalt was from Pinjin, which with needle penetration of (25°C, 5S, 100g)
85.57, softening point of 50.6°C, and density of 1.009g/cm®. The scrap rubber particle of 4 mesh
ranged in size from 2.36 to 4.75mm, with apparent density of 1.18g/cm®, 20 mesh particle ranged
from 0.15 to 0.6mm, with apparent density of 1.21g/cm?, 40 mesh particle ranged from 0.15 to 0.3mm,
with apparent density of 1.21g/cm?®, Basalt gravel aggregate content’s apparent relative density were
given in table 1 below, mineral powder as fillers was demanded without agglomeration apparent.
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Table 1 Relative density

Sieve size (mm) 0-3 | 5-10 | 10-20 | Mineral powder
Apparent relative density (g/cm3) | 2.774 | 2.805 | 2.803 2.705
Bulk volume relative desity(g/cm®) | 2.640 | 2.746 | 2.776 2.705

Mix design

Reference to the relevant literature, continuous gradation asphalt mixture with AC-16 was
selected, rubber granule of (volume fraction) 4%, to form a flat type S grading curve. When the
gradation was adjusted, proportion of coarse aggregates closing to maximum grain size and fine
aggregates were reduced appropriately, coarse aggregates of middle (e.g. 5 ~ 10mm, 10 ~ 20mm)
were increased. Five series (the 1, 3, 5 represented upper limit, median, and lower limit respectively,

the 2 was between upper limit and median, the 4 was between lower limit and median.) of AC-16
gradation were showed in Fig.1
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Fig. 1 Aggregate gradation
Table 2 showed that gradation rubber asphalt mixture with the type of the corresponding optimum
asphalt content, which generated by computation method.

Table 2 Optimum asphalt content

Series 1 2 3 4 5
Optimum asphalt content (%) 4.67 4.64 4,57 453 4.49

Low temperature bend experiment
In this paper, track plate with different gradations of 300mm X 350mm X 250mm, was rolled by
LCX-2 asphalt mixture hydraulic wheel mill, then cut into small prismatic beam of 250mm=2mm

(length), 30mm=2mm (width), 35mm=2mm (height). The temperature was set at -10 ‘C, whereas
loading rate was 50mm/min.

Results and analysis

Mineral aggregate was skeleton and main body of rubber asphalt mixture. Different asphalt
content, particles size and distribution, and gradations affected a series of characters of asphalt
mixture. Considering rubber asphalt mixture properties at low temperature. 5 series of gradations of
rubber asphalt mixture test results were given in below from Fig. 2 to Fig. 4.
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Fig. 2 Flexural tensile strength of different series
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Fig. 3 Failure strain of different series
From Fig.2, flexural tensile strength was listed in descending order: series 3> series 2> series 1>
series 4> series 5, with the overall trend of going up firstly and going down secondly, the series 3 was
as a dividing line. In other words, the flexural tensile strength of median gradation reached the
maximum. As Fig.3 showed that failure strain of different series had a similar regulation, there was a
slight difference that series 5 had higher value than series 4.
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Fig. 4 Failure stiffness modulus of different series

There was another matter entirely, to the two figures above, Fig.4 revealed almost the opposite
result. The datum was sorted by descending order: series 5> series 2> series 4> series 1> series 3. The
two series adjoined to lower limit possessed higher values than others.

In conclusion, series 3 was higher than the other series, when selecting flexural tensile strength
and failure strain as evaluation indexes, and had lower failure stiffness modulus. Due to the grading
curve of series 3 was more close to a flat S type. Considering relationship between evaluation index
and rubber asphalt mixture at low temperature performance, we can conclude that series 3 had better
property at low temperature. Herein, follow up low-temperature bend experiment were performed
based on gradation of series 3 rubber asphalt mixture.

Table 3 Test results

Fitness | Flexural tensile strength(MPa) | Failure strain(u,) | Failure stiffness modulus(MPa)
20 mesh 7.58 3301 393.5
40 mesh 9.20 3412 300.4

As table 3 showed that 40 mesh rubber asphalt mixture had higher flexural tensile strength and
failure strain value, and lower Failure stiffness modulus than 20 mesh asphalt mixture. Because of
rubber powder mesh got bigger, the particle size got smaller. The larger contact area of rubber
powder and asphalt, more asphalt oil easily absorbed by powder tended to expansion, the rubber
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asphalt mixture void fraction reached its optimal, the rubber powder and asphalt were easy to achieve
better dispersion state.

Summary and conclusions

Series 3 rubber asphalt mixture has better properties at low temperature, according to three
indexes revealed, as gradation curve was close to S type, had more advantages in practical. For
different fitness of rubber asphalt mixture, the smaller particle fineness of rubber powder it was, the
better the performance of asphalt mixture had at low temperature, the 40 mesh rubber powder asphalt
mixture has good structure homogeneous and performance, which could maintain stability in a long
time. 40 to recommend the use of rubber powder in asphalt rubber mixture, the use of 40 mesh
powder was Recommended as incorporation for rubber asphalt mixture.
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