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Abstract—Several researchers have been undertake in finding alternative materials in order to be used
as a modifier in asphalt mixture for the purpose of improving its properties. This research presents a
study of laboratory evaluation on the performance of hot-mixed asphalt (HMA) using crumb rubber as
an additive. It is noted that crumb rubber was identified to have potency as a modifier in HMA due to
the elastic behavior exposed by the rubber particles, especially in reducing the rutting potential. This
study fine crumb rubber Shred (2.36-0.85 mm) obtained by ambient-temperature grinding process from
discarded truck tires, was used to modify asphalt concert. The fine crumb rubber with different
contents, i.e. 2.5%, 5%, 7.5% and 10%, was incorporated into the mixture by using dry and wet process
method in differentent temperatures. The Marshal properties, Unconfined Compressive Strength (UCS),
Indirect Tensile Strength test (ITS) and Indirect Tensile Strength Modulus (ITSM), Permeability were
conducted. The result showed that marshal stability, Marshal Quotient, Voids in Mix (VIM) and Voids
in mineral aggregate (VMA) decreased with the increasing crumb rubber modifier. However, Marshal
Flow and Void filled with asphalt (VFWA) increased when crumb rubber modifier was increased. The
crumb rubber asphalt mixture result indicated has increased amount of crumb rubber in asphalt
concrete mixture will decrease the Marshall Stability and permeability test shows that asphalt concrete

without crumb rubber lower than AC with crumb rubber strength compare to other mixture.

Keywords— Asphalt concrete Crumb Rubber modifier Marshall, ITS, ITSM, UCS, and Permeability Test.

LINTRODUCTION

Roadways are important in our daily lives. A lot

of monies are spent annually by governments on
the construction and maintenance of roadways. It
would greatly benefit to the Libyan economy. If we
could extend the service life of the roads. In order
to enhance pavement performance, it is essential to
understand the materials involved in pavement
construction. Therefore, crumb rubber could be an
alternative material in improving the quality of hot
mix asphalt. In the process, most of the steel wires
and reinforcing fibers or fluff of the recycled tired
are removed. The crumb rubber is often served and
separated in categories based on gradation to meet
the requirements of a particular application or
agency. The purpose of this study is to find the
optimum bitumen content in asphalt concrete
modified with crumb rubber by marshal test and get
the maximum amount of crumb rubber tire in
modified asphalt concrete mixture. Most of the
previous researches show a general trend about
Marshall Mixes that the dry process of
incorporating CRM into asphalt mixes reduced the
rutting resistance  while wet process of

incorporating CRM into the mixes enhanced the
rutting resistance[1].The dry process uses rubber as
an aggregate. Typically, 2-3% rubber is pre-
blended with the aggregates prior to charging the
mixture with a pure asphalt binder [2].

The process of mixing the crumb rubber with the
asphalt cement prior mixing to it with aggregates is
known as the ‘wet processes’. Whereas ‘dry
process’ is referred to a method that first blends
crumb rubber with hot aggregates prior to mixing it
with asphalt binder which the end product called
Rubber Modified Asphalt Concrete (RUMAC)
mixes[3]. Development of Modified asphalt
materials to improve the overall performance of
pavements has been the focus of several research
efforts made over the past few decades. Crumb
rubber is the recycled rubber obtained by
mechanical shearing or grinding of tires into small
particles [4]. Waste rubber tires that cannot be
processed for useful applications are numbered in
the millions around the world. The buildup of old
rubber tires in landfills is commonly considered a
major threat to the environment, and it is
unquestionably a burden on landfill space. The test
results showed that asphalt mixtures with
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rubberized bitumen binders are characterized by
high resistance to permanent deformations [5].
Most of the research conducted on CRM mixes is
based on Marshall Mix designed [6]. Available
literature does not offer uniform guidelines for the
conditions of blending crumb rubber with asphalt
cement. Performance of CRM was reported to be
dependent on various factors such as source of
crumb rubber, blending conditions, mixture
variables, aggregate gradation, compaction method
used."""! In this study to make comparison between
the two types (without and with crumb rubber) of
properties of the hot mix asphalt toward the
Marshall properties to get Optimum Asphalt
Content, Indirect Tensile Strength (ITS) at
different test temperature (30 C, 40 °C and 60 0C)
and Unconfined Compressive Strength (UCS) at 30
OC, Indirect Tensile Strength Modulus (ITSM) at 40
°C and permeability Test. Thus, by conducting
study on the CRM asphalt concrete mixes the
performance can be evaluated whether a particular
combination will yield improvements in the desired
properties or vice versa. !

II.THE METHOD RESEARCH

This paper discusses the mix design of asphalt
concrete modified with crumb rubber and several
tests that will be conducted in achieving the
objectives of the study. The laboratory works can
be divided into several stages beginning with the
aggregates preparation and distribution into
different particle sizes through sieve analyses.
Firstly, the quarry aggregates will be dried sieve
and blended meeting the gradation limit. Washed-
sieve analysis that types of mixes will be modified
with crumb rubber which is AC the laboratory
works can be divided into several stages beginning
with the aggregates preparation and distribution in
to different particle sizes through sieve analyses.
Washed-sieve analysis that will be referred
determine the proportion of mineral filler content
required in the aggregates gradation [7]. For this
study, fine crumb rubber (grinding from truck
tyres) will be added in a form of powder where the
size will be between 0.6mm to 0.3mm. The
amount of crumb-rubber modifiers added to the
mixes will be expressed in the percentage. For this
study, fine crumb rubber (grinding from truck
tyres) will be added in a form of powder where the
size will be between 0.6 mm to 0.3 mm. The
amount of crumb-rubber modifiers added to the
mixes will be expressed in the percentage. It
generally occupies 60% to 75% of the concrete
volume. Where fine aggregate is the aggregate
whose size is less than 4.75 mm, for example sand
is used as fine aggregate in the preparation of
concrete and cement mortar. Fine aggregates
generally consist of natural sand or crushed stone
with most particles passing through a 3/8-inch
sieve.In this study, the laboratory works can be

divided into three stages: The First Stage: make
tests in the laboratory on the following mixtures
materials such as:

Asphalt content (5%, 5.5%, 6%, 6.5%, 7%).Coarse
aggregat, Fine aggregat, to know the physical
properties and the possibility of their use in the
mixture.The Second Stage: make Marshall Tests.In
the total of specimens 174 samples with compaton
75 times.In the laboratory on the following mixture
(AC 60/70) without and with Crumb Rubber to
know their Marshall properties to get OBC.The
Third Stage: make UCS test at 30°C, ITS test at
(30°C, 40°C, 60°C), Indirect Tensile Strength
Modulus (ITSM) at 40 °C and Permeability Test.
The objective of that is a comparing the results
between Asphalt concrete (AC 60/70) and asphalt
concrete modified with (2.5%, 5.0%, and 7.5%) to
know the properties if to be used at hot and region.
[II. RESULTS AND DISCUSSIONS

The aim of this study was to achieve the viability of
using CR as the additive material in the hot mix
asphalt with a certain comparison is expected to
improve the quality of the asphalt concrete.

In comparison between the two types (without and
with crumb rubber) of properties of the hot mix
asphalt toward the Marshall properties to get
Optimum Asphalt Content, Indirect Tensile
Strength (ITS) at different test temperature (30°C,
40 °C and 60°C) and Unconfined Compressive
Strength (UCS) at 30°C.

Materials and Properties

The main materials used for this study were:
asphalt AC 60/70, coarse aggregate, fine aggregate.
All properties of the materials used were measured
for further analysis consideration. Several tests
were conducted in order to measure their properties
according to the specifications referred that were
AASHTO and Bina Marga Standard.

1. Aggregate

The aggregate used as the materials for the split
mastic asphalt mix. Base on the properties test of
coarse aggregate and fine aggregate result as Table
1 and Table 2 as folows: "’

Table 1: Result Properties Test Fine Aggregate

Result Fine | Specification

No Properties
aggregate | (Bina Marga |)
1 | Bulk specific gravity of fine aggregate 252 225
2 | SSD specific gravity of fine aggregate 2.59 =15
Apparent specific gravity of fine
3 2713 225
aggregate
4 Water absorption of fine aggregate 2.94 3

Table 2: Result Properties Test Aggregate %!
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Specification
No Properties Result
(Bina Marga)
1 Bulk specific gravity of coarse aggregate 2.64 225
2 SSD specific gravity of coarse aggregate 267 25
3 | Apparent specific gravity of coarse aggregate | 2.714 225
4 Water absorption of coarse aggregate 1.02 =3
5 Abrasion 2131 <40
6 Adhesiveness 99 =95

2. Asphalt

The properties test of asphalt AC60/70 produced by
PT. PERTAMINA. Table 3 presents the results of
properties test asphalt AC60/70. 4!

Table 3: Result Properties Test of Asphalt AC 60/70

Specification
No Characteristics Result
(Bina Marga |)

1 Specific gravity of asphalt 1.045 Min .1

2 Penetration (mm) 635 60-79

3 Duetility (cm) 164 Min. 100

4 Flash point and fire point © 320-326 Min. 200

5  Softening point (¢ ) 4835 48-58

6 Asphalt solubility in TCE (tri chlore 99.59 MIN .99

enthelyn )/CCL

3. Marshall Test of Asphalt concrete (AC
60/70)

The Marshall method uses standard test specimens
of 64mm thick x 100mm diameter. These were
prepared using a specified procedure for heating,
mixing and compacting the asphalt aggregate mixes
Marshall Test for the asphalt concrete (AC 60/70
without crumb rubber) within the range given (5%,
5.5%, 6.0%, 6.5% and 7.0%). The optimum
bitumen content (OBC) has been determined in this
study based on the maximum stability according to
the Marshall Stability (MS). Table 4 shows some
properties of the 60/70 (Asphalt concrete without
crumb rubber) with differt tempterure 300C, 40 oC
and 600C. After that will get rsult of
stablaity,Flow, Void Filled With Asphalt (VFWA)
and Marshall quotient (MQ) , Void in the aggregate
(VMA) and air void .

Table 4: Properties of asphalt concrete without crumb

rubber (60/70)
Bitumen :
No Content Sm';;'g'"“ (Fn']';‘) VEWA ‘Ao'l; MQ Demsity VMA
(*0)
1 50 103533 280 6144 691 36985 220 1792
255 133690 322 6689 614 41572 229 1826
360 141280 340 7031 559 41502 229 1879
4 65 132801 317 7592 465 41829 230 1900
5 70 116602 267 8060 373 44171 230 1922

This relationship between the stability and the
asphalt content is shown in Figure 1.
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Figure 1: Ccorrelation between Stability and
Asphalt Content (%) without CR

The following observations obtained that the
stability value of asphalt concrete without crumb
rubber is optimum with asphalt content 6.0% by
1412.80 kg. Thus it can be concluded that the
higher the asphalt content decreases stability. The
addition of asphalt content will give the higher
penetration or softer. As a result, the mixture
becomes more flaccid to contribute to the decrease
in the value of stability. As a result, the mixture
becomes more flaccid so as to contribute to the
decrease in the value of stability.

This relationship between the flows and the asphalt
content is shown in Figure 2.
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Figure 2: Correlation between MQ and Asphalt
Content(%) without CR

The following observations obtained that the flow
value of asphalt concrete without crumb rubber is
optimum with asphalt content 6% by 3.40 mm.
Asphalt content increases flow. With The addition
of the asphalt content will affect the mixes become
more flexible and the resistance to deformation
decreases resulting in a high flow value.!"”

This relationship between the Marshall quotients
and asphalt content is shown in Figure 3. toward
asphalt content.

Through the review of the marshal quotient test
result in Table 4. and Figure (2) were obtained the
following observations that the marshal quotient
value of asphalt concrete without crumb rubber is
highest with asphalt content 6.0% by 423.06
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kg/mm and is smallest with asphalt content 5% by
369.85 kg/mm. Thus it can be concluded that the
higher the asphalt content decreases marshal
quotient.

The Influence of CR Additive on the Properties
of AC

Marshall Test for the asphalt concrete with crumb
rubber within the range given 2.5%, 5.0%, 7.5%,
and 10%. The OBC has been determined in the
study based on the maximum stability according to
the MS. It generally occupies 60% to 75% of the
concrete volume

Properties of Asphalt Concrete With 2.5%
Crumb Rubber

Table 5: shows some properties of asphalt concrete
modified with crumb rubber 2.5%

Table 5: Properties of asphalt concrete with 2.5% crumb

rubber (60/70)
Asphalt Air
L, W) Dewsy VIO
) KK mm
0 06n 30 9% 13 MBI 0S
560 3% 69 ST Ml 20 1y
B UHK M0 TSR M 0 I
R
WO I B8 3B 4 B

This relationship between the stability and the
asphalt content with CR 2.5% is shown in Figure
3.
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Figure 3: Correlation stability and Asphalt Content(%)
with 2.5% CR toward asphalt content

Through the review of the stability test results in
Table 3: and Figure 3: were obtained the following
observations that the highest stability value of
asphalt concrete without crumb rubber is asphalt
content 6.0% by 1412.80 kg and the smallest
stability is asphalt content 5.0% by 1035.33 and
7.0% by 1166.02 kg. Thus it can be concluded that
the higher percent and smaller percent of the
asphalt content decreases stability. Thus addition of
asphalt content will give the higher penetration or
softer. As a result, the mixture becomes more
flaccid so as to contribute to the decrease in the
value of stability.!"”’

This relationship between the flows and the asphalt
content is shown in Figure.4:
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Figure 4: Correlation flows and Asphalt Content(%)
without CR toward asphalt content

Through the review of the flow test results in Table
(4.5) and Figure (4.10) were obtained the following
observations that flow value of asphalt concrete
with crumb rubber 2.5% is highest with asphalt
content 6.0% by 3.80 mm and smallest with asphalt
content 7.0% by 2.8 mm. Thus it can be concluded
that the higher the asphalt content increases flow.
With the addition of the asphalt content will affect
the mixes become less flexible and the resistance to
deformation decreases resulting in a high flow
value.!""

This relationship between the Marshall quotients
and the asphalt content with CR 2.5% is shown in
Figure 5:

400
y=9311x" -75.34x + 43394
350 . " e
o -

300 .--"""
o
=
o 230 % i
= +123%CR

200

150

100

43 30 i3 6.0 6.3 10 13
Asphalt Content(%0)

Figure 5: Correlation MQ(kg/mm) and Asphalt Content
(%) without CR toward asphalt content

Comparison of Marshall Test
A. Stability

Table.6. Stability (kg) of AC modified with and without
crumb rubber

Asphalt ~ Stability  Stability  Stability  Stability Stabiity
Cotent  0%CR 23%CR 30%CR 73%CR 10%(CR

500 0533 MR T WAL B
530 %090 1030 84 N TR
6.00 4280 18126 %20 LB TH4
6.30 BR0C LN L WA 7RIS
100 16602 12930 p48  S9I1 64050
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Figure .6.Comparison of flow test for Asphalt
Content(%) with and without CR

Through the comparison of the stability test results
in Table 6 and Figure 6 it was obtained that the
asphalt concrete without crumb rubber with asphalt
content 6% has optimum stability value of 1412.80
kg. On the other hand, AC modified with 2.5% CR
has optimum stability value of 1181.26 kg at 6.0%
asphalt content; AC modified with 5% CR has
optimum stability value of 962.0 kg at 6.5% asphalt
content. AC modified with 7.5% CR has optimum
stability value of 901.33 kg at 6.0% asphalt
content. AC modified with 10% CR has optimum
stability value of 769.38 kg at 5.5% asphalt
content. Thus it can be concluded that the higher
crumb rubber percent decreases stability. Further
injection of crumb rubber into the mixture led to a
decrease in the value of stability because
application of excessive crumb rubber decreases
the coarse aggregate contact point within the
mixture.. As a result, the mixture becomes more
flaccid so as to contribute to the decrease in the
value of stability ). Low stability suggests low
quality of aggregates. The stability of aggregates
decreases with an increase in crumb rubber content
(221 Tt was found that increasing the crumb rubber
reduces the stability of AC, with higher percent of
crumb rubber yielding in lowest stability value.
However, it was reported that crumb rubber has
more effect on performance of asphalt mixture by
increasing the Marshal Stability and Flow "',
Flows

Table.7. Flow(mm) of AC modified with crumb rubber

Asphalt Flow Flow  Flow5.0% Flow7.5% Flow 10%

Content 0%CR 2.5%CR CR CR CR
5.00 2.80 3.00 4.00 437 5.03
5.50 322 3.53 4.13 4.30 5.03
.00 3.40 3.80 3.97 5.17 535
6.50 317 347 3.60 4.61 513

7.00 2.67 2.80 2.80 3.73 6.13

y=-0.380s% + 6.400% - 1374 y= 1 013x% + 1186 -2968 | _ 5 gs7.2 4 26.54
FROAR 40IE -1 §= 060w+ T8 1939 =087 +10.16x - 2634
h 4 fow
6.00 0%CR.
500
E B flow
Sam 235%CR
=
3.00
flows 0
200 %CR
100
0.00 A flow
7.5%CR
430 5.00 530 6.00 6.30 7.00 750 7
Asphalt Content %o

Figure .7.Comparison of flow test for Asphalt Content(%) with
and without CR

Through the comparison of the Flows test results in
Table 7 Figure 7 it was found that flow test value
of asphalt concrete increased as the crumb rubber
content increased from 0% to 7 CRM in the
mixture, which leads to a more flexible mixture.
Thus it can be concluded that the higher the crumb
rubber content increased flow but higher asphalt
content decreases flow. With the addition of the
asphalt content the mixes become more flexible
and the resistance to deformation decreases
resulting in a high flow value. rubber content is
reached.

C.Void Filled With Asphalt (VFWA)

The analysis of the VFWA test results in Figure 8
showed that modified with 0%, 2.5%, 5.0%, 7.5%
and 10% CR have maximum VFWA values of
80.60,82.82,73.37,93.10, and 56.94%, respectively.
Thus it can be concluded that increase in percent of
crumb rubber content increases the VFWA. The
reason is that voids provide spaces for the
movement of the asphalt cement or asphalt rubber
binder within the compacted mix. Mix design of
asphalt and rubberized AC asphalt paving mixes is
a trade-off between high binder content to enhance
long term durability and performance, and
sufficient in-place void space to avoid rutting,
instability, flushing and bleeding, as it is clearly
shown in Table 4.11 the VFWA.

Table 8. VFWA(%) of AC modified with crumb rubber

Asphalt  VFWA  VFWA VFWA  VFWA  VFWA
Content  0%CR  2.5%CR 5.0%CR 7.5%CR 10%CR

5.00 61.44 39.96 34.60 3844 46.82
550 66.89 67.97 59.63 64.05 4994
6.00 70.31 7141 63.84 70.79 5641

6.0 75.92 74.99 70.68 719.92 57.26
7.00 80.60 82.42 7337 93.10 56.94
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Figure. 8 Comparison of VFWE(%) test for Asphalt
Content(%) AC with and without CR

D.Voids in Mix (VIM) Test

Through the comparison of the Voids In Mix test
results in Table.12 Figure 9it was found that the
Voids in Mix value of asphalt concrete without
crumb rubbers is 6.91 at asphalt content 5%, while
AC modified with 2.5%, 5.0%, 7.5%, and 10% CR
have maximum Voids In Mix value of 7.37, 8.96,
7.78 and 11.84%, respectively asphalt content 5%.
Thus it can be concluded that higher crumb rubber
and asphalt content increase Voids in Mix. This is
supported previous study that found that crumb
rubber particle size can affect the optimum binder
content for open graded friction course. The
durability of HMA is a function of the VIM or
porosity. In general, the higher the porosity, the
less permeable will be the mixture and vice versa.
Too much voids in the mix (high porosity) will
provide passageways through the mix for the
entrance of damaging air and water. Too low
porosity could lead to flushing where the excess
bitumen squeezes out of the mix to the surface.!'>'”

Table .9.VIM(%) of AC modified with crumb rubber

Aphat VDM VIM VIM VIM VM 10%
Content  0%CR 25%CR S0%CR 75%CR (R
5.00 631 737 8% 178 IL§4
550 614 ST 8 679 1146
6.00 559 53 6% 46 9T
650 465 479 598 354 1040
700 i3 33 53 18 1

This relationship between VIM of the asphalt
concrete AC and asphalt concrete modified with
crumb rubber is shown in figure 9

v=0.003x7 - 1.887x + 16.50 y=-0.196x% +0.786x + 7.851 y= L.321x" - 16.45x + 6133
y=-0978x% + 8475x - 10.17 §=0372% - 6.251x + 30,97
14.00 *  VIMO%CR
12.00 '
\_._/ B VIM25%CR
10.00 7
= 500 :‘ “““““““ VIMS5.0%CR.
— e
. - _—
= 600 e gy Al
= T e - VIM7.5%
400 C CR
L T
200 ~ VIM10% CR.
0.00 = = - - Poly. (VIM
4.50 5.00 5.50 6.00 6.50 7.00 7.50 0%CR)
asphalt content

Figure 9. Comparison of VIM test for Asphalt
Content(%) with and without CR

3. Indirect Tensile Strength Test (ITS)

The strength test was used to determine tensile
strength and strain of the mixture specimens.
Specimens were monotonically loaded to failure
along the vertical diametric axis at the constant rate
of 3 in/min (76.2 mm/min)

The indirect tensile strength test is one type of
tensile strength test wused for stabilized
materials.(CRMA) This test involves loading a
cylindrical specimen with a compressive load along
two opposite generators. This results in a relatively
uniform tensile stress acting perpendicular to and
along the demurral plan of the applied load this
result in splitting failure generally occurring along
the diametric plans three samples for each type of
asphalt concrete without and with CR were tested
at temperatures 30°C, 40°C and 60°C.!"*"!

Figure 10 and Table 10 shows the summarized
result of indirect tensile strength test each type of
asphalt concrete without and with crumb rubber in
OBC.

Table .10 Results of indirect tensile strength test(Mpa) at

OBC
ACthpe  TS@NCOG) TTSEAC(H) TTS@6IC Nl
vl (R 4 11741 04
yilCRAS 144 () 1731
wihCRSM% 1910 5144 1055
yilCR78% 10021 45 0%

This relationship between the ITS and the different
temperatures is shown in Figure 10.
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y=-6.248x + 4049 s
2000 Je A 051y + 1505 0%CR)
w000 4 T = . y=-3.674+2235 = . = Linear,
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- Se. . y=-2820x+ 1734 25%C
k. Y R}
.l * R — « ~Linear
0000 £7 = 2T S (I
el TR DS Se. 5054
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7.5%C
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Figure .10 Results of ITS each and asphalt concrete modified
without and with CR

3.Unconfined Compressive Strength Test (UCS)
This test used to determine the resistance to
permanent deformation of bitumen mixture at 30°C
and loads. It is conducted by applying a static load
to a specimen using optimum bitumen content
(OBC) and then measuring the maximum load.
This test used to determine the permanent
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deformation of asphalt concrete without crumb
rubber and asphalt concrete with three type crumb
rubber is done using UTM (Universal Testing
Machine) to obtained strong push by the unit KN,
and then a strong press is made to the calculation
unit Kpa®”. The unconfined compression test is by
far the most popular method of shear testing
because it is one of the fastest and cheapest
methods of measuring shear strength>!. The results
of the unconfined compressive strength test give at
Table 11and Figure 11.

Table. 11: Results of(UCS )Kpa Unconfined compressive
strength test at at 30°C

Stiffness modulus of the mixtures is shown in
Table 12 Figure 12.
This relationship between the ITSM and the CR is
shown in Figure 12

Crumb Rubber Load Kpa @ 30°C 0BC
0 5220.707633 6.4

13 4097.285707 6473

5 234877943 645

13 2619.054288 6.375

This relationship between the UCS and the CR is
shown in Figure 11.
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Figure 11 Results of UCS each and Asphalt concrete
modified without and with CR at 30° C

Indirect Tensile Strength Modulus (ITSM)
ITSM test was performed both on samples of thin
normal and modified AC using UMMATTA. Tests
were conducted at a temperature of 40°C and the
results can be seen in Table 12 and Figure 12.

Table.12. Indirect Tensile Strength Modulus test at 40°C

CR% ITSM (MPa) at 40'C Average (MPa)
0% 633 103 669 669
150% 63 586 599.5 599.3
500% 363 349 356 356
130% 194 134 14 24

Three samples were tested for each unmodified and
modified mixture. To obtain a stiffness modulus for
a mixture, each sample was tested in three different
conditions and the average value was adopted.

TTSM (MPa) at 40C
800
700 3, y=-29000x1-4259x+682.7
=
600 ~. ¢ ITSM(MPz)at
~ 40c
500 ~
S - = ~Paly. (ITSM
400 R (MP2)at400)
300 ~
~ ~+— Log (ITSM
200 A (MPa)at40C)
100
0

0% 3% 3% 3% 10%

ACR

Figure 12: results of ITSM each and Asphalt concrete
modified without and with CR

Permeability Test (M)

Permeability testing is important because one of the
primary assumptions is structural pavement design
for conventional pavement is flexible (asphalt
concrete) and the pavement must be impermeable.
The basis for this design approach is to minimize
moisture infiltration and thus maintain adequate
support  from  the  underlying  unbound
materials.***

Table 13 shows the result of permeability test at
OBC and Figure 13 and Figure 14 shows the
summarized results for the each type of asphalt
concrete at OBC.

Through the review of the permeability test results
in Table 13 and Figure 13 and 4.42° Were obtained
the following observations that the coefficient of
permeability (K) value of AC with crumb rubber
7.5% is higher than asphalt concrete without crumb
rubber (original) and with crumb rubber 2.5% and
5.0% by 9.24E-07 dyen/cm’ at water pressure
10000 dyen/cm® and by 9.2.57E-06 dyen/cm® at
water pressure 20000 dyne/cm”

The results of permeability test shows that asphalt
concrete without crumb rubber lower than AC with
crumb rubber. Since the mixture has the lowest
coefficient of permeability the higher quality,
because, when water leaks into the soil layer (base
course), causing deformities, cracks, and holes
observed.'***!

That the relationship between the coefficient of
permeability and water pressure to be an inverse
relationship, because the increase of water pressure
leads to a decrease in permeability coefficient.
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Table 13: Results of Permeability Test at OBC.

Crumb | Asphalt | Height | Area (A) | Pressure Water 10000 Pressure Water
Rubber | Content | (L) (cm2) dyne/cm 20000 dyne/cm
% (cm) Time (T) | Permeability | Time | Permeability
sec (K) cm/sec | (T)sec | (K)cm/sec
0 6.4 6.127 | 79.756 194 3.96E-07| 60.2 6.38E-08
6.4 | 6.131 | 75.736 207 JTIE07| T3 5.27TE-08
6.4 | 6.129 | 75.756 201 3.82E-07| 75 5.12E-08
Average 3.83E-07 5.59E-08
25 6475 | 6.383 | 79.756 202 3.96E-07| 61 6.56E-08
6475 | 6.41 | 79.756 106 7.58E-07| 35 1.15E-07
6.475 |6.3965| 79.756 135 5.94E-07| 60.2 6.66E-08
Average 5.83E-07 8.23E-08
5 6.45 | 6.408 | 79.756 160 5.02E-07| 31 1.3E-07
6.45 | 6.544 | 79.736 113 7.26E-07| 38 7.07E-08
6.45 | 6.476 | 759.736 143 5.68E-07| 46 8.83E-08
Average 5.99E-07 9.62E-08
75 6.375 | 6.621 | 79.756 81 1.02E-06 | 30 1.38E-07
6.375 | 6.36 | 79.756 97 8.48E-07| 32 1.29E-07
6.375 | 6.5905| 79.756 92 8.98E-07| 35 1.18E-07
Average 9.24E-07 1.28E-07

Figure 13: The results of permeability test at 10000
dyen/cm 2
(% 02.50% 5.00% 7.50%

=z o000 7 - A

£ o000

22 o000+
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%’Q 0.000000 ~ 7
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Figure 14: The results of permeability test at 20000 dyen/cm?

This relationship between the Permeability of the asphalt

concrete AC and asphalt concrete modified with crumb rubber is

shown figure 13,14.

V. CONCLUSION

On the basis of the results of the laboratory test in
this study, the conclusion as follows: 1.AC was
modified with 0%, 2.5%, 5.0%, 7.5%, and 10%
crumb rubber, which could be used as aggregate
substitute for flexible asphalt concrete at hot and
arid region because it is temperature tolerant. The
increase amount of crumb rubber in asphalt
concrete mixture will decrease the Marshall
stability. Unmodified asphalt concrete was more
sensitive to temperature changes compared asphalt
concrete modified with crumb rubber mixtures. The
ITS, ITSM, and UCS are affected by temperature.
They decrease as the temperature increases and
also affected by crumb rubber composition.

2. The increase amount of crumb rubber in asphalt
concrete mixture will decrease the Marshall
stability. However, this was not always followed by
sufficient flow; therefore, it resulted in less

flexibility, as represented by Marshall Quotient
parameter. In this study, the use of 2.5%, 5.0%, and
7.5% crumb rubber in CRM asphalt can show the
best result in terms of load deformation in OBC
When compared with the constants. But 10% CRM
failed result in terms of load deformation in OBC
When compared with the standard and Bina Marga,
(Indonesian Standard).

3. Unmodified asphalt concrete was more sensitive
to temperature changes compared asphalt concrete
modified with crumb rubber mixtures. The ITS,
ITSM, and UCS are affected by temperature. They
decrease as the temperature increases. The ITS,
ITSM, and UCS are affected by crumb rubber
composition. The reasons why some differences in
values of ITS, ITSM, and UCS tests as compared to
other research results are due to the differences in:
Aggregate gradation, OBC, Asphalt type, Mix
conditions, machine type, and binder content. The
results of permeability test shows that the asphalt
60/70 pen without CR was less than asphalt
concrete with CR.
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