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Recycling of asphalt concrete isincreasingly used as a major rehabilitation method in Japan because it

can conserve natural resources, reduce costs and save energy. In this study, reclaimed asphalt concrete from

Tokyo International Airport was evaluated for use in four types of base materials. recycled granular

material, recycled cement stabilized material, recycled cement-emulsified asphalt stabilized material and
recycled hot-asphalt stabilized material. The results of laboratory tests indicated: 1) These materials can
satisfy base course and subbase requirements, and 2) they are sensitive to temperature and water.
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1. BACKGROUND

Old asphalt concrete is generated during most
pavement resurfacing and reconstruction projects in
airports and highways. This material can be
economically reused as a good quality paving
material that conserves aggregate and asphalt,
reduces transportation requirements, eliminates
disposal problems, and lowers fuel consumption.
Recycling of old asphalt concrete is not a new idea,
but dates back to World War 1I. It is currently an
important processin several countries that providesa
useful source of aggregate for the construction
industry from old asphalt concrete.

For example, in Canada asphalt concrete
recycling has become a key component of the paving
industry”. Methods and equipment for a range of
cold and hot asphalt concrete recycling processes are
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well developed and widely used across Canada,
particularly in highway projects and urban areas.

In Japan, asphalt concrete has become
increasingly recycled as a major rehabilitation
method since the Law on Recycling of Waste
Materials took effect. Besides reducing costs and
saving energy, the conservation of natural resources
is even more important because Japan is relatively
poor in natural aggregate reserves. For pavement
rehabilitation projects at airports, all of the reclaimed
materials must be used within the same project. A
series of laboratory tests were conducted as a
fundamental study to develop this strategy.

In this study, four types of base materials from
reclaimed asphalt pavement (RAP) were evaluated:
recycled granular material (RGM), recycled cement
stabilized material (RCSM), recycled
cement-emulsified asphalt stabilized material



Table 1 Grain size analysis of aggregates

Sieve (mm) 375 | 265 | 190 [ 132 | 475 | 236 | 060 | 030 | 015 | 0.075
Passing percentage of weight (%)
RAP 20-13mm | 100.0 | 1000 | 94.4 10.0 0.8
13-5mm 100.0 | 93.2 8.6 12 0.6 0.4 0.3 0.1
5-0mm 100.0 | 95.2 51.4 10.4 39 11 0.4
C“(‘g?jro')r“” 40-0mm | 1000 | 908 | 758 | 601 | 199 | 158 | 94 76 6.1 5.0

Table 2 Summary of properties of aggregates

Type RAP Crusher-run (C-40)
Grain size (mm) 20-13 13-5 5-2.36 2.36-0 40-2.36 | 2.36-0
Bulk specific gravity in saturated surface-dry 2.553 2.531 2.407 2.300 2.665 2472
Bulk density (g/cm®) 2.533 2.507 2.358 2.261 2.644 2.370
Apparent density (g/cm’) 2.583 2.567 2.479 2.352 2.701 2.637
Absorption (%) 0.75 0.94 2.06 1.71 0.79 4.27
Liquid limit (%) NP 204
Plastic limit (%) NP 17.3
Plastic index NP 31
L oss percentage in washing test (%) 04
M aximum specific gravity 2.590 2585 | 2472
Maximum dry density (g/cm®) 2.188
Optimum water content (%) 5.7
Modified CBR (%) 89

Table 3 Properties of asphalt emulsion

Testing items Result
Engler viscosity (25 ) 7
Residue-on-sieving (1.18mm) (%) 0
Cement mixing (%) 0.2
Charge of particle Nonionic
Residue by evaporation 60
Residue by Penetration (25 ) 195
evaporation | Solubility in toluene (%) | 99.87
Storage stability (24h) (%) 0
Freezing stability (-5 )

Table 4 Properties of recycling agent

Testing items Result
Kinematic viscosity (60 ) (mm?/s) 244.9
Flash point (COC) ( ) 224
Viscosity ratio after thinfilmoven (60 ) | 1.33
Loss on thin film oven test (%) -1.84
Specific gravity 1.0329
Asphaltene 0.0
Component analyses Saturates 41.3
(mass %) Aromz_;ttlcs 47.5
Resin 6.6
Recovery ratio 95.4

(RCESM) and recycled hot-asphalt stabilized 2. PERFORMANCESOF MATERIALS
material (RHSM). The primary objectives of this

study were as follows.

The following materials were used in this study:

1) Evauate the performance of recycled base reclamed asphalt pavement (RAP) from Tokyo

materials from Tokyo International Airport; International Airport, crusher-run C-40, Portland
2) Determine the procedure for preparing these  cement, asphalt emulsion, virgin asphalt (Straight
base materials to meet the specification. asphalt 60/80) and recycling agent. Table 1 and

Table 2 give the grain size analysis and the key
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Table 5 Result of asphalt extraction test

. 375 | 265 | 190 | 132 | 475 | 236 | 060 | 0.30 | 0.15 | 0.075 | ASPhaltcontent
Sieve (mm) (%)
Passing percentage of weight (%
20-13mm | 100.0 | 100.0 | 989 | 554 | 271 | 20.7 | 135 | 103 | 83 4.9 2.3
RAP 13-5mm 1000 | 949 | 314 | 195 13.3 | 10.2 7.9 4.8 2.6
5-0mm 1000 | 981 | 65.0 | 354 | 26.1 | 180 11.9 6.2
20-Omm | 100.0 | 100.0 | 986 | 826 | 524 | 37.7 | 219 | 162 | 12.2 7.7 4.4
Table 7 Combined gradations of RGM
. 375 | 265 | 190 | 132 | 475 | 236 | 060 | 030 | 015 [ 0075
Sieve (mm) - -
Passing percentage of weight (%)
100 100.0 100.0 98.8 7.7 40.2 20.4 4.2 17 0.5 0.2
Ratio of 75 100.0 97.7 93.1 73.3 35.2 19.3 5.6 3.2 19 15
RAP (%) 50 100.0 95.4 87.3 69.0 30.1 18.1 6.8 4.7 3.4 2.6
25 100.0 93.1 81.6 64.5 25.0 17.0 8.2 6.1 4.7 3.9
0 100.0 90.8 75.8 60.1 19.9 15.8 94 7.6 6.1 5.0
Table 8 Results of compaction test and modified CBR test for RGM
Items Ratio of RAP (%)
0 25 50 75 100
Maximum dry density (g/cm®) | 2.188 | 2.121 | 2.090 | 2.010 | 1.943
Optimum water content (%) 57 57 6.2 7.0 5.2
Modified CBR (%) 89.0 | 330 | 130 6.6 4.2
Table 6 Gradation ratio of RAP (1/100cm).
Grainsize(mm) | 20-13 | 13-5 | 50
Welight ratio (%) | 21.8 | 39.5 | 38.7
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Fig.1 Modified CBR test for RGM

performance characteristics of the aggregates,
respectively. Table 3 and Table 4 aso show the
properties of asphalt emulsion and recycling agent,
respectively.

The asphalt extraction test (Soxhlet method)?
was used to evauate the performance of the
reclaimed asphalt pavement. Table 5 shows the
results. The penetration of the recycled asphalt is 23
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3. COMPOSITION DESIGNS AND
PROPERTIES OF BASE MATERIALS

In this study, the properties of the four types
of materials were investigated.

(1) Recycled granular material (RGM)
a) Composition

The simplest use of old asphalt concrete is
uniform blending, a a plant or in-place, of suitably
processed, reclaimed asphalt pavement (RAP) with
conventional granular material for base course or
subbase applications. The recycled granular material
in this study was composed of RAP or/and
crusher-run C-40. The RAP is classified into three
different grain sizes with gradation ratios given in
Table 6. For recycled granular material (RGM), five
combinations of RAP and C-40 weretested at 40 2,
with RAP ratios of 100%, 75%, 50%, 25% and 0%.
Table 7 gives their combined gradations. To obtain
adequate RGM compaction, care must be taken to
avoid segregation.



Table 9 Modified CBR targets

Type Modified CBR (%) | Ratio of RAP
Base course 80 3
45 18
30 28
Subbase 20 37

Table 10 Compaction test for RCSM

Ratio of RAP (%)

Type 25 50 75 100
Cement content (%) 4 8 4 8 4 8 4 8
Maximum dry density (g/cm®) | 2.055 | 2.135 | 1.966 | 2.072 | 1.872 | 1.968 | 1.772 | 1.871
Optimum water content (%) 5.9 7.9 6.0 7.7 6.7 7.7 5.5 6.1

® Determined test
®m  Gradation test

Maximum dry density (g/cm®)
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Fig.2 Maximum dry density for RGM

The compaction and modified CBR tests? were
employed for these gradations to determine the
optimum ratio of RAP in RGM. Table 8 summarizes
the results.

Fig.1 shows the relationship between the
modified CBR and the ratio of RAP. The CBR of
RGM decreases significantly for RAP ratios greater
than about 20%. Based on the current specificati on?,
the modified CBR should be over 80% for the base
course and over 30% for the subbase of asphalt
pavements, and over 45% and 20% for the base
course and subbase, respectively, for concrete
pavements. Consequently, when a target modified
CBR isspecified, the corresponding ratio of RAP can
be determined from the figure (seen in Table 9).

The compaction test was aso used to verify the
compositions (Table 10). Figs. 2 and 3 show the
relationship of theratio of RAP to the maximum dry
density and optimum water content, respectively.
These figures confirm the ratios of RAP listed in
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Fig.3 Optimum water content for RGM

Table9. Unfortunately, the use of RAPin RGM does
not have a major advantage for reclaimed asphalt
concrete.
b) Properties

Based on the ratios of RAP in Table 9, the
modified CBR test and the CBR test were conducted
to evaluate the performance of RGM under different
temperatures and curing methods. Fig.4 shows the
effect of temperature on the modified CBR.
Obvioudly, the modified CBR is higher at lower
temperatures. Moreover, the modified CBR increases
with decreasing ratio of RAP. This phenomenon
shows that RGM is sensitive to the temperature.
Therefore, if the materia isused in hot locations, the
ratio of RAP should be strictly controlled.

Fig.5 gives the effects of the temperature and
curing method on CBR. The following findings were
obtained.

(@) For a constant temperature, the CBR of RGM
cured in air is generally greater than that cured in
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water. Therefore, if RGM is used for abase course, a
good drainage system is necessary.

(b) For the same curing method, the CBR of
RGM for a subbase at 20 is greater than that at
40 ; whereasfor a base course with a RAP ratio of
3%, the conclusion is opposite. The case again shows
that RGM with alarge ratio of RAP is very sensitive
to temperature.

(2) Recycled cement stabilized material (RCSM)
a) Composition

The aggregates used were the same as those of
the RGM. However, the portion with a grain size of
26.5 and larger was removed. Four ratios of RAP
(100%, 75%, 50% and 25%) were evaluated with
compaction tests and unconfined compression tests?.
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(b) Subbase
Fig.5 Effect of temperature and curing method on CBR for RGM

The cement content in the samples for the
compaction test was 4% and 8%, while contents of
2%, 4%, 6%, 8% and 10% were used for the
unconfined compression test. Table 10 and Table 11
give the results for the compaction and unconfined
compression tests, respectively. Regardless of the
RAP ratio, the cement content significantly effects
the maximum dry density and optimum water content
of RCSM. Fig.6 indicates the relationship between
the unconfined compression strength and the cement
content. According to the relevant specifications for
airports”, the unconfined compression strength of
RCSM should be not less than 3 N/mm? for the base
course, nor less than 2 N/mm? for the subbase.
Cement contents that satisfy the requirements for
various RAP ratios can be obtained from Fig.6.
Unconfined compression tests were conducted to



Table 11 Unconfined compression test result for RCSM

Ratio of RAP (%)
Cement content (%) Type 25 50 75 100
) Strength (N/mm? | 1.32 | 057 | 031 | 0.25
Dry density (g/em®) | 2.03 [ 1.891 | 1.819 | 1.738
4 Strength (N/mm?) | 323 | 1.97 | 094 | 0.64
Dry density (g/em®) | 2.059 | 1.969 | 1.855 | 1.774
6 Strength (N/mm?) [ 516 | 3.1 | 177 | 1.39
Dry density (g/cm®) | 2.106 | 2.01 | 1.938 | 1.826
8 Strength (N/mm?) | 631 | 424 | 267 | 1.84
Dry density (g/em®) | 2.142 | 2.073 | 1.965 | 1.870
10 Strength (N/mm?) | 897 | 6.36 | 362 | 2.34
Dry density (g/cm®) | 2.178 | 2.139 | 1.985 | 1.892

Table 12 Determining cement content

. Cement content (%)
0,
Ratio of RAP (%) Target strength: 3N/mm? (base course) | Target strength: 2N/mm? (subbase)

25 3.9 2.8

50 5.7 4.2

75 8.8 6.4

100 12.4 8.7

Table 13 Verification test result of RCSM
Target strength (N/mm?) 3 (base course) 2 (subbase)
Ratio of reclaimed asphalt pavement (%) | 100 75 50 25 100 75 50 25
Cement content (%) 124 | 88 | 57 | 39 | 87 | 64 | 42 | 28
Actua strength (N/mm?) 303 | 319 | 297 | 276 | 1.74 | 202 | 210 | 201
Dry density (g/cm®) 1.888 | 2.015 [ 2.048 | 2.062 | 1.873 | 1.955 | 2.012 | 2.046
0 Table 14 gives the test conditions for the
o] ' RaniOw unconfined compression test. Table 15 showsthe test
A RAP:S50% i
81 % RApamy results. The temperature, period and method of
—~ 71 curing have agreat effect on the properties of RCSM.
E 61 > When other conditions are same, the strength at 20
< 5 is higher than that at 40 , showing that RCSM is
% N also sengitive to temperature. The strength of RCSM
—_ 3' . . . . . . . .
& ] increases with the curing period, which is similar to
1] its effect on cement concrete. Although the strength
0 : , : : : : when cured in water is less than that in air, the
0 2 4 6 8 10 12 14

Cement content (%)

Fig.6 Strength and cement content for RCSM

verify the specified compoasitions. The results shown
in Table 13 indicate that the cement contents in
Table 12 can satisfy the strength requirement for a
base course in an airport. The gradation of RCSM
was thus determined.
b) Properties

This study incorporated the unconfined
compression test, the freeze-thaw test and the
dry-wet repeated test.
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properties of RCSM can satisfy the specified
requirement with a suitable cement content.

The freeze-thaw test and the dry-wet repeated test
were conducted to evaluate the durability of RCSM.
The results, shown in Table 16 and Table 17,
indicate that RCSM has good durability, so it can be
used in areas with severe climate conditions.

(3) Recycled cement-emulsified asphalt stabilized
material (RCESM)
a) Composition

The aggregates and other components were the
same as those used in the recycled cement stabilized



Table 14 Test conditions for RCSM

Curing period (days) 7 28 91
Curing method Inair Inair Inair | 28dinair, 63d in water
Curingtemp.( ) | 20]40|20]40] 20] 40 20 | 40
Table 15 Test results for RCSM
a) Base course
Curing period Testtemp. () 20 40
and method Ratio of RAP (%) 25 50 75 100 25 50 75 100
Cement content (%) | 3.9 5.7 8.8 124 3.9 5.7 8.8 12.4
7d inair Strength (N/mm?) 291 | 346 | 3.04 | 367 | 257 | 268 | 2.67 | 264
' Dry density (g/em’) | 2.057 | 2.037 | 2.026 | 1.970 | 2.052 | 2.045 | 2.025 | 1.976
28d. in air Strength (N/mm?) 335 | 351 | 385 | 438 | 404 | 314 | 333 | 329
' Dry density (g/em®) | 2.071 | 2.027 | 2.010 | 1.986 | 2.077 [ 2.021 | 2.009 | 1.997
91d. in air Strength (N/mm?) 478 | 492 | 566 | 543 | 409 | 398 | 358 | 4.33
' Dry density (g/om’) | 2.082 | 2.033 | 2.022 [ 1.997 | 2.080 | 2.034 | 2.019 | 2.000
91d. in water Strength (N/mm?) 354 | 381 | 408 | 531 | 279 | 299 | 3.04 | 3.06
' Dry density (g/em’®) | 2.088 | 2.030 | 2.009 | 1.960 | 2.078 | 2.033 | 2.011 | 1.958
b) Subbase
Curing period Testtemp. () 20 40
and method Ratio of RAP (%) 25 50 75 100 25 50 75 100
Cement content (%) | 2.8 4.2 6.4 8.7 2.8 4.2 6.4 8.7
7d inair Strength (N/mm?) 226 | 204 | 187 | 222 | 190 | 1.90 | 158 | 145
' Dry density (g/om’®) | 2.040 | 1.998 | 1.924 | 1.900 | 2.030 | 2.002 | 1.927 | 1.912
28d. in air Strength (N/mm?) 273 | 234 | 223 | 209 | 299 | 205 | 181 | 161
’ Dry density (g/om®) | 2.046 | 1.974 | 1.946 | 1.886 | 2.044 [ 1.983 | 1.946 | 1.877
91d. in air Strength (N/mm?) 339 | 279 | 311 | 312 | 293 | 243 | 212 | 197
' Dry density (g/em®) | 2.053 | 1.986 | 1.939 | 1.905 | 2.050 | 1.989 | 1.942 | 1.916
91d. in water Strength (N/mm?) 244 | 248 | 259 | 250 | 231 | 2.02 | 186 | 1.69
' Dry density (g/om’) | 2.058 | 1.990 | 1.949 [ 1.890 | 2.066 | 1.999 | 1.941 | 1.894
Table 16 Freeze-thaw test results for RCSM
Type Base course Subbase Specified value
Ratio of RAP (%) 25 50 75 | 100 | 25 50 75 | 100
Cement content (%) 39 | 57 | 88 | 124 | 28 | 42 | 64 | 87
Lost weight (g) 440 | 168 | 132 | 115 | 540 | 216 | 168 | 169
Lost ratio (%) 121 ]-015| 080 | -011 | 0.84 | 0.63 | 1.22 | 0.37 Below 14
Maximum volume variation (%) | 0.40 | 0.35 | 0.35 | 0.28 | 0.36 | 0.48 | 0.28 | 0.59 Below 2
Table 17 Dry-wet repeated test results for RCSM
Type Base course Subbase Specified value
Ratio of RAP (%) 25 50 75 | 100 | 25 50 75 | 100
Cement content (%) 39 | 57 | 88 |124| 28 | 42 | 64 | 87
Lost weight (g) 287 94 | 60 | 71 | 497|191]| 87 | 87
Lost ratio (%) 119 | 050 | 147 | 024 | 1.80 | 059 | 0.28 | 0.36 Below 14
Maximum volume variation (%) | 0.60 | 0.28 | 0.48 | 0.31 | 0.56 | 0.48 | 0.40 | 0.35 Below 2

material. Two RAP contents were evaluated: 100%
and 75%. The emulsion content was determined
based on the Technical Guiddinesfor Recycled Base
Course Method?. Table 18 and Table 19 give the
results of the compaction and unconfined
compression tests, respectively. The cement content
has a clear effect on RCESM. Fig.7 easily provides
the cement content for a given unconfined
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compression strength under different ratios of RAP,
Consequently, Table 20 shows the determined
gradation of RCESM that satisfies the base
requirement.
b) Properties

The unconfined compression test was conducted
to investigate the effect of temperature and curing
method on the properties of RCESM. Table 21



Table 18 Compaction test for RCESM

Ratio of RAP (%)
0

Type Cement content (%) 75 100
_ ] 3 4 1.910 1.835
Maximum dry density (g/cm”) 3 2.000 | 1.892

_ 4 3.8 35

0,
Optimum water content (%) 8 53 4.3

Table 19 Unconfined compression test for RCESM

Cement content (%)
Ratio of RAP (%) Type 2 4 6 8 10
s Strength (N/mm?®) | 0.31 [ 094 [ 1.77 | 267 | 362
Dry density (g/om®) | 1.819 | 1.855 | 1.938 | 1.965 | 1.985
100 Strength (N/mm?®) | 0.25 | 064 | 1.39 | 1.84 | 234
Dry density (g/em®) | 1.738 | 1.774 | 1.826 | 1.870 [ 1.892
Table 20 Determined gradation for RCESM
Target strength (N/mm?) 3 (basecourse) | 2 (subbase)
Ratio of RAP (%) 75 100 | 75 | 100
Cement content (%) 8.1 111 6.4 8.6
Measured strength (N/mm?) | 2.89 298 | 188 | 1.73
Dry density (g/cm®) 1.991 [ 1.946 | 1.926 | 1.867
Table 21 Properties of RCESM
Target strength 3N/mm? (base course) 2N/mm? (subbase)
Curing Test temperature 20 40 20 40
Ratio of RAP 75% | 100% | 75% | 100% | 75% | 100% | 75% | 100%
Cement content (%) 81 | 111 | 81 | 111 | 64 | 86 | 64 | 86
Measured strength
o1din air (N/mm?) 485 | 442 | 329 | 243 | 291 | 257 | 208 | 152
Dry density (g/cm®) 2.014 | 1.947 [ 2.026 | 1.946 | 1.960 | 1.897 | 1.974 | 1.910
Measured strength
23d in air, 63d in weter (N/mmd) 418 | 314 | 285 | 1.89 | 245 | 165 | 1.66 | 111
Dry density (g/cm®) 2.026 | 1.952 | 2.028 | 1.941 | 1.974 | 1.908 | 1.977 | 1.903
40 1o inair is better than in water. (c) The required strength
L] . b . . . .
351 4 RAP75h may not be achieved if the temperature is high and
3.0- theratio of RAPislarge.
Ng 251
= 201 (4) Recycled hot-asphalt stabilized material
15 (RHASM)
j 10 Hot-mix recycling of asphalt concrete is used
0 +Y7 . . . - .
05 increasingly as a primary rehabilitation method by
' pavement agencies throughout Japan. However, it is
00 ; ; ; ; ; ; : .
0 2 4 6 8 10 12 14 a complex process that will be researched in another

Cement content (%)

Fig.7 Strength and cement content (for RCESM)

shows the results, which suggest the following
conclusions: (a) Strength decreases with increasing
temperature, which indicates that RCESM is aso
sensitive to the temperature. (b) The curing method
has a significant influence on the properties. Curing
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special study. Therefore, in this study, only the
RHASM composition with a 100% RAP ratio was
analyzed.

Table 22 gives the combined gradation of
RHASM, which iswithin the standard range of grain
size. As discussed previously, penetration of the
recycled asphalt is 23 (1/100cm), which does not
satisfy the target design penetration of 70 (1/100cm).



Table 22 Combined gradation of RHASM

Sieve (mm) 190 | 132 | 475 | 2.36 | 0.60 | 0.30 | 0.15 | 0.075 | Asphalt content (%)
assing percentage | g9g | g9q | 563 | 374 | 21.7 | 162 | 1.7 | 75 4.29
of weight (%)
Gradation range (%) | 50-100 20-60 0-10

Table 23 Marshall test result for RHASM

Asphalt content (%) | Compactiontime | Stability (kN) F(Igvgl\:: ?lnl;e Airvoid (%) | Saturation (%)
457 50 114 31 4.5 70.2
75 14.6 30 3.9 73.3
5.0 50 11.9 35 3.2 78.5
75 13.6 30 3.0 79.6
55 50 11.3 39 2.0 86.6
75 14.2 33 2.0 86.6
6.0 50 110 38 17 89.2
) 75 11.8 38 15 90.3
6.5 50 9.6 42 15 91.0
' 75 11.6 44 1.2 92.6
Specified value >7.35 20-40 3-6 70-85

Consequently, a recycling agent is required with a
content determined by the weight of the recycled
asphalt. In this test, the content was 11.7%.

The Marshall test? was conducted to evaluate the
gradation. Table 23 summarizes the results for
compaction times of 50 and 75. This table suggests
that RHASM can satisfy the gradation requirement as
abase even if theratio of RAP is 100%.

4. CONCLUSIONS

The followings are the main conclusions of this
study to conduct to use reclaimed asphalt concretes
fully.

1) All types of recycled materials that contain

reclaimed asphalt concrete can satisfy the
reguirements for a base course and a subbase.
2) Recycled materids are sensitive to

temperature and water. Thus, it is very important to
decide the ratio of RAP for the recycled materials
based on the local environmental conditions.
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3) RCSM, RCESM and RHASM are more
suitable than RGM for using large amounts of
recycled asphalt concrete.
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