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ABSTRACT: Reusing of recycled asphalt pavement material (RAP) as an engineering material for ground
improvement is important for reducing construction or maintenance costs. Reusing of RAP for ground
improvement and ground protection seems available for reduction of construction cost because there are
much stocks of RAP. In this study, it is indicated that the cyclic mechanical properties of the sandy soil
improved by mixing RAP. In order to obtain the fundamental results for the effect of mixing RAP on the
improvement of cyclic behavior, the series of cyclic undrained triaxial tests were conducted. From the test
results, it is shown that the cyclic strength of sandy soil - RAP mixture was greater than the cyclic strength
without RAP case. It is also shown that the accumulation speed of excess pore water pressure at sandy soil -
RAP mixture is slower than that without RAP mixing. In addition, the mechanism for cyclic mechanical

properties of sandy soil - RAP mixture is also suggested.
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1. INTRODUCTION

Recycling of industrial waste materials is
actively promoted in civil engineering work. In
order to progress using recycled asphalt material as
a construction material, many research for the
mechanical properties of recycled asphalt
pavement or recycled asphalt shingle has
conducted and good performance of recycled
asphalt pavement has pointed out by [1-6]. When
the road pavement is restored, recycled asphalt
pavement gravel material and newly gravel
materials are mixed to properly make effective use
of construction materials. Therefore, it is difficult
to secure the storage space for asphalt waste
material because the amount of waste material has
been increased.

On the other hand, it is necessary to realize
constructing the flexible earth structure or
improving seismic mechanical properties of
ground for reducing the ground disasters. In this
study, the fundamental data for mechanical
properties of sandy soil mixed with the recycled
asphalt pavement material (RAP) are obtained
from the series of laboratory tests. The series of
cyclic undrained triaxial tests are conducted. First,
the basic data for the cyclic mechanical properties
of RAP - fine sand mixture are investigated. Next,
the mechanical properties of a mixture of RAP and
volcanic coarse-grained soil are also discussed.
From these results, it is shown that the cyclic
undrained strength of the mixture of RAP - fine
sand or volcanic coarse-grained soil is higher than
those without RAP mixing. In addition, to
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investigate the influence of specimen temperature
on the cyclic strength, the cyclic undrained triaxial
tests are conducted at a temperature of 50 °C. It is
also clarified that the specimen temperature and
the magnitude of the effective confining pressure
affect the cyclic mechanical characteristics of the
mixture of RAP - volcanic coarse-grained soil.

2. FIELD APPLICATION

One example of ground protection works
utilizing the recycled asphalt pavement material is
introduced in this paper. Fig.1 shows one situation
of the ground protection by laying RAP at the site
in Hokkaido, Japan. In order to prevent muddy
ground due to the rainfall or snow melting, the
protection work was performed on June 2009.
RAP material was laid on the ground surface with
a thickness of 100mm. The persons and vehicles
for forestry work can easily pass on the protected
ground surface. Even though water is provided by
heavy rain or snow melting on the ground,
remarkable erosion has not seen for about 9 years.
The temperature of the ground surface at the site is
shown in Fig.2. The ground temperature is
monitored since April 2016. As can be seen from
Fig.2, the temperature reached about 50 °C in the
summer and about -20 °C in the winter. The result
indicates that the temperature change behavior of
RAP is sensitive.

The soil hardness on the protected ground
surface is shown in Fig.3 and Table.1l. The soil
hardness is measured by the handy soil
penetrometer shown in Fig.4. When the soil
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Fig.1 Ground protection by RAP
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Fig.2 Temperature on ground protected by RAP

hardness is measured, the cone of handy soil
penetrometer is inserted in the protected ground.
The penetration length of the cone of penetrometer
is recorded as the soil hardness value. 10 data of
soil hardness at the protected slope surface were
measured at one testing. The average of 10 data is
evaluated as the soil hardness value in this study.
From Fig.3, it is recognized the soil hardness is
slightly lower in the spring season (April 27, 2016,
and March 23, 2017) than the other periods. The
soil hardness did not decrease even under high-
temperature condition such as the summer season.
From the obtained data, it is found that the
protected ground by RAP can keep its stable state
throughout the year.

3. TESTING MATERIALS

In this study, recycled asphalt pavement
material (RAP) and some sandy soils are prepared
for testing materials. RAP is the recycled
aggregate produced from deteriorated asphalt
pavement. RAP is sampled in Sapporo city on
August 2014. Fig.5 shows the appearance of RAP
particles. The black object on the surface of RAP
particle seems as asphalt binder. Toyoura sand (T
sand) and one of the volcanic coarse-grained soil

AP
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Table 1 List of measurement data for soil hardness

Mesuremernt Hapsed time Soi hardness {mm)

date {day)

Average value value Minimun value

27, APR, 2016 0 259 305 200
18, MAY, 2016 2 N7 335 295
22, UN, 2016 56 310 340 285
27, AL, 2016 N 300 275 340
26, AUG, 2016 121 301 350 260
7, 0CT, 2016 163 301 335 25
11, NOV, 2016 198 358 400 310
23, MAR, 2017 330 240 330 165
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Fig.3 Soil hardness on Protected ground
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(Shikotsu pumice flow deposits, Spfl) are also
adapted for the testing materials.

Fig.6 shows the external appearance of Spfl
particles. Many volcanic soils including Spfl have
unigue mechanical characteristics such as the
many cavities in the soil particles and particles
breakage behavior [8, 9]. In order to indicate the
effects of RAP mixing on the cyclic mechanical
behavior of sandy soils, the cyclic undrained
triaxial tests are conducted by using RAP-T sand
mixture (As-T sand) and RAP-Spfl mixture (As-
Spfl). The grain size distribution and the list of
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index properties of the test samples are shown in
Fig.7 and Table.2, respectively. For As-T sand and
As-Spfl, the mixing ratio of RAP, Mas/Ms is 50%.
Mas and Ms are the dry mass of RAP and the dry
total mass of specimen, respectively.

4. TEST PROCEDURE

The specimens for cyclic undrained triaxial
tests are prepared by air pluviation of soil particles
into the mold. The diameter and height of the
specimen are 70 and 150 mm, respectively. Carbon
dioxide is percolated and de-aired water is slowly
permeated from the bottom to the top of the
specimen. Thereafter, backpressure of 200 kPa is
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Table 2 Index properties of testing materials

Ps Fdmax Fdmin Fc MA&-"M.?
(Mg/m®)  (Mg/m®) (Mg/m®) (%) (%)
Recycled asphalt
pavement material 2.366 1.607 1412 -— 100
(RAP)
Volcanic soil (Spfl) 2453 1.005 0778 6.15 0
RAP and Spfl mixture
(As-Spfl) 2.466 1.306 1.038 3N 50
Toyoura sand
(T sand) 2.649 1.636 1.344 - 4]
RAP and T sand
mixture 2,516 1.805 1.462 -— 50
(As-T sand)
Q Cell pressure
gl
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Fig.8 Apparatus for cyclic triaxial test

applied into the specimen. Application of
backpressure is carried out until the pore pressure
coefficient B-value reaches 0.95 or above. The
isotropic consolidation is conducted under the
confining pressure o'c of 50 and 100 kPa. The
isotropic  consolidation is continued until the
volumetric strain rate is less than 1.0x10* %/min.
After isotropic consolidation, the cyclic deviator
stress is applied to the specimen with 0.1 Hz in
frequency.

In order to investigate the effects of specimen
temperature on the cyclic mechanical properties,
the series of cyclic undrained triaxial tests are also
conducted under a high-temperature condition.
Fig.8 illustrates the test apparatus under a high-
temperature condition. Hot water is poured into the
triaxial cell. The specimen temperature is kept by
winding the belt-shaped heater round the triaxial
cell. Furthermore, the heat-insulation sheet is also
wrapped around the triaxial cell. The thermo-
sensor shown in Fig.9 is installed into the center of
the specimen. The example data for the specimen
temperature recorded by the thermo-sensor is
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Fig.10 Specimen temperature (As-Spfl)

shown in Fig.10. The specimen is prepared by As-
Spfl at the dry density pg=1.155Mg/m?. The
temperature of the belt-shaped heater is set to 65
°C. It can be seen the specimen temperature is kept
about 50 °C from start to end. In this study, the
specimen temperature is set to 50 °C by this
heating method.

5. RESULTS AND DISCUSSIONS
5.1 Cyclic Behavior of As-T Sand

Firstly, the cyclic mechanical behavior of RAP
and T sand mixture is mentioned. Fig.11 shows the
relationship between cyclic stress ratio ow/20'c and
the number of loading cycles N: to cause the
double amplitude of axial strain DA of 5 % for As-
T sand, and T sand specimens. The list of test
results is shown in Table.3. In order to get the
reliable results, the cyclic tests were carried out at
least 4 or 5 times per one of the cu/20'c- N¢ curve.
In order to show the mechanical trend of RAP
specimen, the ou/20'c - N¢ curve is drawn by only 3
data is also plotted in Fig.11. oy and o'c are the
amplitude of cyclic deviator stress and effective
confining pressure, respectively. These results are
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Fig.11 Cyclic strength (T sand, As-T sand)

Table 3 List of test result for As-T sand and T sand

MJM, . pm_ D, T W
%) fPay g’y %) "9 pacin) oasion)
1.627 535 010 568 538
1.641 573 015 78 as
50 1.649 598 012 352 369
1.645 584 017 h6 a0
1645 587 029 a0 50
As-T sand 50
1.610 483 010 30.7 320
1.633 550 010 163 184
100 1.647 591 013 158 17.7
1.646 589 015 sl 94
1611 486 017 42 54
1.492 556 01 320 328
1528 674 017 18 29
50 1514 628 012 38 47T
1.484 528 018 13 17
T sand 0 1.535 69.7 013 380 501
1.516 635 012 775 885
100 1.481 517 010 47T 510
1.485 532 [IR)] 2774 2801
1.502 589 0.09 1405 14.80
1.550 734 038 9275 —
RAP 100 50 1.544 702 044 3793 —
1.547 718 0.48 185 —

obtained at ¢'c = 50 and 100 kPa under room
temperature conditions. It is seen that cw/20'c at
As-T sand is higher than that of T sand. The value
of au/20'c for RAP is highest of all. However the
effect of the difference of the grain size
distribution between RAP and As-T sand cannot
be ignored, it is recognized that the cyclic strength
is improved by mixing RAP with T sand particles.
The excess pore water pressure ratio Au/c'c and
Nc relations at ¢'c = 50 and 100 kPa are shown in
Figs.12 (a) and (b). It can be seen that N¢ until
reaching Au/c’c =0.95 for As-T sand specimen is
larger than that at T sand specimen. In addition,
the accumulation speed of the excess pore water
pressure seems to slow down due to mixing RAP.
Such tendency is remarkable at ¢'c = 50 kPa than
the case at o'c = 100 kPa. At ¢'c = 100 kPa case,
the difference of Au/o'c between As-T sand and T
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sand is very small. Despite the similarity of excess
pore water pressure behavior, the difference in
cyclic strength between As-T sand and T sand is
recognized in Fig.11. Contacting between RAP
and T sand particles may cause the change in
cyclic deformation characteristic.

In order to observe the deformation behavior of
specimens after cyclic loading, Figs.13 (a), (b) and
(c) display the photographs of the specimen for
As-T sand, T sand and RAP, respectively. At As-T
sand specimen shown in Fig.13 (a), the specimen
keeps its cylindrical shape after cyclic loading. The
adhesive bonding [10] may lead to this behavior.
From Fig.13 (b), it is seen that T sand specimen
failed to maintain its cylindrical shape and flow
deformation is observed after the cyclic loading.
From Fig.13 (c), the tensile behavior of RAP
specimen is seen after cyclic loading. The pattern
of such deformation behavior seems different from
the As-T sand and T sand specimens.

5.2 Cyclic Behavior of As-Spfl

The cyclic strength for As-Spfl and Spfl
specimens are also verified. The relationships
between ou/20'c and N to cause the DA value of
5 % are shown in Figs.14 (a) and (b). The list of
test results is also shown in Table.4. For each
testing case, the cyclic tests are carried out at least
4 times. In these figures, the test results at the
specimen temperature of 50 °C at As-Spfl
specimen are also included. From these figures, it
is found that ou/20'c of As-Spfl is higher than that
of Spfl. It is also found that the difference of
specimen temperature causes the difference of
cyclic stress ratio ou/20'c for As-Spfl. Based on
these results, it is revealed that mixing of RAP
lead improving the cyclic mechanical properties of
volcanic soil and the confining pressure and
specimen temperature influenced the cyclic
strength.

Figs.15 (@) and (b) show the relationships
between Aul/c'c and N for As-Spfl and Spfl
specimens at ¢'c = 50 and 100 kPa, respectively. In
these figures, the relative density after isotropic
consolidation Dy is 47 to 62 %, and the cyclic
stress ratio is about 0.22. 1t is found that the Adu/o'c
is accumulated rapidly for Spfl specimen from
Fig.15 (a). On the other hand, there is no
noticeable difference of Au/c'c between As-Spfl
and Spfl specimens in Fig.15 (b). These results
denote that the mixing of RAP makes the
liquefaction resistance higher.

5.3 Mechanism for Cyclic Behavior of Sandy
Soil - RAP Mixture

The mechanism of cyclic deformation for the
sandy soil - RAP mixture is expressed in Fig.16.
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Fig.16 illustrates the p'-q relationships for the
sandy soil. Where, p' and q are effective mean
principal stress and deviator stress, respectively.
For sandy soil, the effective stress decreased

Table 4 List of test results for As-Spfl and Spfl

MM, o FPec [ o 25 N N
%) Fa)  (Mghn*) %) DA% [DA=1I%)
1162 5210 o 13 55
1146 461 b18 13 105
50 1123 370 o 195 27
1183 98 o020 94 126
As Spl, H'C 50 1168 1 [ 91 137
1186 609 [ 86 nr
11% (1) 015 %9 17
100
1167 M0 [ Fa) 81 116
114 413 [ ¥ 17 70
1141 438 [ 85 137
115 492 016 s 26
50
1155 493 012 676 —
115 476 oM 45 i1
AsSpl, 50°C 50 1157 50 015 26 378
1162 519 016 s 406
100 1150 474 (¥} 137 189
1142 444 [ ] 17 34
1142 444 23 54 a8
084 574 o7 A0 51
0893 572 012 170 189
50 [ 1iT3 498 [t} 17 27
087 55 [ Fa) 19 55
Spll 2rC [ 0883 528 010 1153 110
0885 535 LA ™2 788
0885 534 b13 Mna M7
10
0906 624 [ ] 31 5.2
0858 590 o7 86 115
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quickly due to the accumulation of the excess pore
water pressure by cyclic undrained loading. The
sandy soil behaves the cyclic mobility when the
effective stress reaches to zero. On the other hand,
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the effective stress is not decreasing so much at
RAP specimen. Additionally, the effective stress
does not reach zero due to cyclic loading. Finally,
the sandy soil — RAP mixture shows the
intermediate behavior between sandy soil and RAP
specimen. Many numbers of loading cycles are
required until the effective stress reaches zero. The
effective stress decreases slowly due to cyclic
loading. One of the reasons for delaying effective
stress reduction seems the bonding effect between
RAP and sandy soil particles.

6. SUMMARY AND CONCLUSIONS

Improvement of cyclic undrained mechanical
properties for sandy soils by RAP mixing is
denoted in this study. It is indicated that the cyclic
strength of As-T sand and As-Spfl is about 1.3
times to T sand and Spfl, respectively. For As-T
sand specimen, the shape-keeping effect is
recognized after the cyclic loading as like as
adhesion bonding effect shown in the sandy soil.

The effect of specimen temperature on the
cyclic undrained strength for As-Spfl specimen is
also discussed. At the confining pressure in 50 kPa,
the cyclic strength at 50 °C condition is smaller
than that at room temperature condition. On the
other hand, at the confining pressure of 100 kPa,
the cyclic strength at 50 °C condition is slightly
higher than that at room temperature. These
experimental results show the cyclic strength for
As-Spfl is affected by both confining pressure and
specimen temperature.

Accumulation of excess pore water pressure
ratio for As-T sand and As-Spfl specimens are
slower than T sand and Spfl specimens. Such slow
accumulation of excess pore water pressure may
be led by interaction between RAP and sandy soil
particles.
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