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EVALUATION OF ASPHALT MIXES CONTAINING RUBBER
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ABSTRACT

Increasing truck loads on Egyptian road netwerk cause several pavement distresses. The most common distress
fypes occurring In the'Egyptian roads are ruiting and cracking. Several research studies trials were conducted to
conirol pavement distresses by mix enhancement. Several trials were done to eliminate pavement rulting by
using some additives. However, although these additives increase rutling resistance, it increases the propagation
of cracking. One of the cheapest methods for mix enhancement is 10 use wasle materials such as crumb rubber,
This study aims at investigating the effect of using .crumb rubber on the properties of asphalt binder and
evaluating asphait concrete mixtures modified by crumb rubber for increasing pavement resistance to cracking,
To achieve the study objectives, the properties of asphalt binder modified by certain ratios of crumb rubber were
measured. Furthermore, Marshall test was conducted on standard mix without rubber as a reference and on two
groups of asphalt concrete mixtures. In the first group crumb rubber was used instead of fine aggregate by
certain percents. While in the second group, crumb rubber was used instead of certain asphalt percents. Finally,
some special tests were performed to measure the different mix characteristics. These tests included loss of
stability test, modulus of elasticity test, wheel iracking test and indirect tensile strength test. Analyzing the study
results it can be concluded that the use of crumb rubber greatly enhance the pavement resistance to ¢racking.
Finally the study recommended a proposed mix with Y-¥ and ¢% by weight instead of typical percents of sand
and asphalt respectively,
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INTRODUCTION & BACKGROUND

Increasing traffic volumes, heavier loads
and poor performance of bituminous
mixtures under adverse environmental
conditions have led to the increased use and
development of modified bituminous
binders and asphalt mixtures [1]. The types
of modifiers that have been used to improve
the mechanical properties under all service
conditions included sulphur, rubbers,
thermoplastic polymers and thermosetting
resins [2]. Many countries around the world
are facing challenges regarding their wasie
materials. One major area of concern is the
disposal of wast tires. Today's growing
problem has motivated many couniries to
engage in rescarch to find useful and cost-
effective long-term uses for waste tires [3].
In addition to these engineered modifiers
waste materials, such as reclaimed scrap tire
crumb, have been used to produce Crumb
Rubber Modified (CRM) bituminous
materials. Such CRM  have added
environmental benefit of recycling scrap
tires that would otherwise be stockpiled.
The use of recycled scrap tires in asphalt
mixture applications has been used in the
asphalt industry for over 30 years.

Several studies were performed to treat the
severity of rutting distresses on Egyptian
roads. To limit the rutting phenomena many
trials were employed. Theses tnals included
using suitable mix gradation [4], increasing
pavement thickness [6], and using asphalt
additives [5]. It is of a great importance to
notice that, using additives to the mix
components will already increases mix
stiffness and stability which in furn give
higher resistance to rutting [7). On the other
hand increasing mix stiffness will surly
increase pavement cracking especially in
hot climatic conditions [8]. Several studies
recommended to ftreat the problem of
cracking propagation as a result of using
asphalt enhancement regarding rutting.
Some studies tried to use crumb rubber to
discover its ability to resist cracking
distresses. It is believed that using rubber
increases mix flexibility and therefore
minimizes pavement cracking.

Several years ago crumb rubber was used in
asphalt mix in the form of either a wet or
dry process. In the wet process, CRM
binders are produced by mixing finally
ground crumb rubber (ranging in size from
0.075 to 1.2 mm) with bitumen at elevated
temperatures prior to addition of the
aggregate [9]. In the dry process, granulated
or ground rubber and/or crumb rubber is
used as a substitute for a small portion of
the fine aggregate (typically 3 to 4% by
mass of the total aggregate in the mixture).
The rubber particles {ranging in size from
0.4 to 9.5 mm) are blended with the
agpregale prior 1o the addition of the
bitumen.

Chipps et al. [10] reported field
implementation of laboratory research.
Laboratory  work  assessed  several
production metheds for blending ground tire
rubber with asphalt and also the resulting
binder properties, especially as they relate to
Superpave performance specifications and
durability. Fietd work included commercial-
scale production of high-cure crumb-rubber
binders at asphalt supplier sites and
monitoring of contractor placement in Texas
(1998- 2000). Abd El-Raheem {l1]
conducted a laboratory study to evaluate the
effect of adding synthetic rubber (reclaimed
rubber) to asphalt cement on the rutting
resistance of asphalt concrete mixes. [t was
conciuded that 10% rubber was the
optimum rubber percent which exhibited the
greatest improvement for rutting resistance.
However the other two percents exhibited
an-improvement relative to control mix but
to less extent,

Research objectives

This study aims at investigating the effect of
rubber material on the properties of asphalt
binder. It also aims at investigating the use
of crumb rubber in producing asphalt
concrete mixtures and evaluating the
propetties of such mixtures regarding to
cracking resistance,
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METHODOLOGY AND EXPERIMENTAL
WORK

To achieve the study objectives, research
matenals were collected (rom common
sources in Cgypt. Qualification lests were
conducted on coarse aggregate, finc
aggregate, mineral filler, and asphalt
materials. The gradation of the different mix
matenals are presented in Table (1}). The
propertics of asphalt materials mixed with
. different percents of rubber are preseated in
Table (2). Results of other material
qualification tests are presented elsewhere
[12].
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Marshall Specimens were prepared for
several mixes in two groups. In the first
group crumb rubber was used instead of
some percents of fine aggregate. While in
the second group cerlain percents of crumb
rubber was used as substitution of similar
part of asphalt binder. All the properties of
the investigated specimens were compared
to the original mix without any rubber
additives. Some especial lests were
conducted on all the investigated mixes.
These tests include loss of stability,
plastometer, indirect tensile test and wheel
tracking test,

Table (1): Gradation of Different Mix Materials (Yopassing).

ieve size,
inch ¥4 | 172 | 38 | No4 | No8 | Ne30 | No.5O | No.100 | No.200
Material
Coarse 100 | 945 | 73.2 | 322 | 1
aggregale
100 98.7 57 40.5 12 0.5
sand
. 300 98.5 91.6 81.7
Mineral Filler
Crumb Rubber 100 98.7 57 355 14 0.4

Table (2): Properties of Asphalt Materials Mixed With Cretin Percents of Rubber

Test AASHTQ Results for rubber percent Speceficalion
es
No. Designation no. 0% | 5% 10% 5% limits
[ Penetration,0. ITmm T-4% 64 65 68 69 60-70
2 Softening point, " ¢ T-53 52 52 54 56 45-55
3 Flash point,® ¢ T-48 +270 | +265 | +255 | +250 4250
Kinamatic
4 T-201 +345 | +340 | +330 | +315 +320
viscosity,cst
5 Ductility,cm T-51 130 145 140 125 =95
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Marshall Tcst

Marshall test method, as described in
Egyptian specification was used in this
study to find the optimum asphalt content
and the corresponding characteristics of the
investigated asphalt mixture containing
different rubber percents. The procedure of
the Marshall test as well as the calculations
of all mix properties are presented in
Egyptian code for highway works.

Loss of Stability Test

loss of stability test was conducted on
Marshall specimens as an indicator for
resisting  water action by pavement
constructed with rubber enhancement. In
this test Marshall specimens were placed in
water bath and tested at several times (0,
1day, 2days, and three days) to measure the
loss in mix stability.

Plastometer Test Method

Plastometer apparatus was used to measure
dynamic modulus of elasticity. In this
method asphalt concrete mix samples of
dimensions 4 x 4 x 16 cm was used. These
samples were prepared based on the results
obtained from Marshall test. The oulline of
the method is thoroughly explained by
Mohamady [13]). Deflection of tesied
specimens was recorded each one minute.
Afterthat modulus of elasticity was
determined  through  calculating  the
theological characteristics of asphalt mix
specimens. This modulus represents a
dynamic modulus of elasticity
corresponding to a loading time of 0.02
second for the asphalt concrete mix.

Wheel Tracking Test Resulis

The wheel tracking test was conducted on
some specimens according to the Egyptian
code. Several specimens (3 specimens/ mix)
were prepared and tested to study the effect
of rubber on the pavement capability to
withstand rutting phenomena. Table (3)
presents a summary of the different
variables, number of mixes, rubber percent,
conducted testes and number of specimens
per each mix.

Indirect Tensile ‘Test

The indirect tensile test used in this study
was developed by Carnerio and Barcells
{14] in Brazile and Akazawa [15] in Japan.
Indirect tensife test was carried out by
toading ~ Marshall specimens  with
compressive vertical loads that act paraltel
to and along the vertical diameter plane
until failure using a constant rate of loading
of 0.04 in/mm. A steel loading strip 0.5 in
wide with a curved loading surface was
used to disinbute the load uniformly and to
maintain a constant Joading area. By
continuously monitoring the loads and the
vertical and horizontal deformations of the
specimen until failure, one can eslimate the
mixture tensile characteristics at failure by
using certain theoretical equations [16]. The
simplified relation for estimating the
indirect tensile strength 4 in. diameter
specimen with 0.5 in. wide covered loading
strip is as follows:

Indirect tensile strength, ITS, psi = 0.156 Pf
/H Where:

Plf= Total load at failure, Ib;
H = Height of specimen; in.
RESULTS AND DISCUSSION

Analysis of
properties

asphalt-rubber  mix

The properties of asphalt-rubber mix were
evaluated and discussed comparing with the
corresponding properties of asphalt material
alone. Table (4) summarized the results of
these tests. Based on the data presented in
the table, it can be noticed that as the rubber
content increases penetration of asphalt also
increases reaching 69 mm at [5% rubber
percent, which means that it is still in the
penetration  category  {60-70).Tnerefore
further increase in rubber percent may
change the penetration of asphalt to another
category. Lower variation of softening point
degree was found when using 5% or 10% of
rubber. On the other, hand using 15%
rubber instead of similar percent of asphalt
gives an out of specification value
(>55°).Flashpoint degree decreases with
increasing rubber percent.
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Table (3) conducted test for the investigaled mix

cs
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No. of Tesis
Property ML | M2 | M3 | M4 | MS [ M6 | M7 | M8 | M9 | M10 | M11 | Mi2
Rubber Percent, % 0 10 15 20 25 30 35 40 45 5 10 LS
Asphall Binder, % 56 | 56 [ 55| 55|54 535315252 56| 56|56
Marshall Tesl 21 21 21 21 21 21 21 21 21 21 21 21
Loss of Stability Test 3 3 3 3 3 3 ] 3 3 3 3 3
Wheel Tracking Test 3 3 3 3 3 3 3 3 3 3 3 3
Indirect Tensile Test 3 3 3 3 3 3 3 3 3 3 3 k]

‘Table (4): Results of ali tests for all investipaled mixes

—
Mir Na. T

Mi M1 M2 M4 M5 M6 MY [i3t:] Mo L] M1 Mz
propetty
Density {gmfrm2) 2387 2375 236 2153 2234 2.3} 2M7 2.0 2.287 2.384 23746 2355
Suability (i) 2195 2680 1588 2437 2355 2030 1910 1750 1742 2710 2520 240
Flow, 0.0lin 6.2 18 8.9 .95 114 111 15.4 18 12.% [ & 59
AV 438 4.5 4.1 LX) 36 i 23 .2 1.95 4.1 37 s
YiiA% 143 147 5.1 15.57 16.1 16.25 168 17.5 1825 14.% 152 136
%Loss af sability Valoc(alter 3 days) 1 ¥4.21 1573 17.08 18.1 19.2 19.8 7 Jl 13 ) 15.7 20
Recorded De!'lcclionl. 0.0 Imm{ | 0mia} 39 754 783 31 §5.2 9.3 9.8 101.8 | 1083 A 6.6 813
Modulus of Elasticity{E).kg/om2 10660 | 10596 | 10523 IO«IQZ 10254 | 10140 | 10060 | 9723 | 9626 | 10633 | 103596 | 10466
Recorded Track Depthd.01inch{60min 4.1 4.4 4.9 52 55 75 .07 9.4 99 45 47 38
fndirect Tensile Strength,psi 41 44 47 56 a2 60 50 43 M 43 49 36

This may be related to the higher sensitivity
of rubber to fire. However flash point
degree is still within the specification range
(+250). On the other hand, " kinematic
viscosity decreased with increasing rubber
percent and it goes out specification for
rubber percent of 15% (i.e. <320°c).Finally
analysis of rubber effect on the ductility of
asphalt binder was studied. From the table,
it can be noticed that higher ductilily was
obtained when using 5% rubber percent as a
substitution of asphalt. Increasing rubber to
15% decreases the binder ductility to

125¢m, which is less than that of pure
asphalt although it is still within the
specification range.

Effect of rubber content on Marshall
properties

Effect of Rubber Content on Marshall
Stability

Based on the results in Table (4), It can be
noticed that Marshall mix stability for the
first nine mixes{groupl) decreases as rubber
percent increase, achieving the highest
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INTRODUCTION & BACKGROUND

Increasing traffic volumes, heavier loads
and poor performance of bituminous
mixtures under adverse environmental
conditions have led to the increased use and
development of modified bituminous
binders and asphalt mixtures {1]. The types
of modifiers that have been used to improve
the mechanical properties under all service
conditions included sulphur, rubbers,
thermoplastic polymers and thermosetting
resins [2]. Many countries around the world
are facing challenges regarding their waste
materials. One major area of concern is the
disposal of wast tires. Today's growing
problem has motivated many couniries to
engage in research to find useful and cost-
effective long-term uses for waste tires [3].
In addition to these engineered modifiers
waste maternals, such as reclaimed scrap lire
crumb, have been used to produce Crumb
Rubber Modified (CRM) bituminous
materials. Such CRM have added
environmental benefit of recycling scrap
tires that would otherwise be stockpiled.
The use of recycled scrap tires in asphalt
mixture applications has been used in the
asphalt industry for over 30 years.

Several studies were performed to treat the
severity of rutting distresses on Egyptian
roads. To limit the rutting phenomena many
trials were employed. Theses trials included
using suitable mix gradation [4], increasing
pavement thickness [6], and using asphalt
additives [5]. It is of a great importance to
nolice that, using additives to the mix
components will already increases mix
stiffness and stability which in tum give
higher resistance to rutting {7]. On the other
hand increasing mix stiffness will surly
increase pavement cracking especially in
hot climatic conditions [8]. Several sludies
recommended to treat the problem of
cracking propagation as a result of using
asphalt enhancement regarding rulting,
Some studies tried {0 use crumb rubber 1o
discover its ability lo resist cracking
distresses. 1t is believed that using rubber
increases mix flexibility and therefore
minimizes pavement cracking.

Several years ago crumb rubber was used in
asphalt mix in the form of either a wet or
dry process. In the wet process, CRM
binders are produced by mixing finally
ground crumb rubber (ranging in size from
0.075 to 1.2 mm) with bitumen at elevated
temperatures prior to addition of the
aggregate (9]. In the dry process, granulated
or ground rubber and/or crumb rubber is
used as a substitute for a small portion of
the fine aggregate (typically 3 to 4% by
mass of the total aggregate in the mixture).
The rubber particles (ranging in size from
0.4 to 9.5 mm) are blended with the
aggregate prior to the addition of the
bitumen.

Chipps et al. [10] reperted field
implementation of laboratory research,
Laboratory  work  assessed  several
production methods for blending ground tire
rubber with asphalt and also the resulting
binder properties, especially as they relate to
Superpave performance specifications and
durability. Field work included commercial-
scale production of high-cure crumb-rubber
binders at asphalt supplier sites and
monitoring of contractor placement in Texas
(1998- 2000). Abd El-Raheem {I11]
conducted a laboratory study to evaluate the
effect of adding synthetic rubber (reclaimed
rubber) to asphalt cement on the rutting
resistance of asphalt concrete mixes. It was
concluded that 10% rubber was the
optimum rubber percent which exhibited the
greatest improvement for rutting resistance.
However the other two percents exhibited
an-improvement relative to control mix but
to less extent.

Research objectives

This study aims at investigating the effect of
rubber material on the properties of asphalt
binder. It also aims at investigating the use
of crumb rubber in producing asphalt
concrete mixfures and evaluating the
properties of such mixtures regarding to
cracking resistance.
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METHODOLOGY AND EXPERIMENTAL
WORK

To achieve the study objectives, research
malerials were collected from common
sources in Egypt. Qualification fests were
conducted on coarse aggregate, fine
aggregate, mineral filler, and asphalt
materials. The gradation of the different mix
materials are presented in Table (1). The
properties of asphalt materials mixed with
. different percents of rubber are presented in
Table (2). Results of other material
qualification tests are presented elsewhere
[12).
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Marshall Specimens were prepared for
several mixes in two groups. In the first
group crumb rubber was used instead of
some percents of fine aggregate. While in
the secand group certain percents of crumb
rubber was used as substitution of similar
part of .asphait binder. All the properties of
the investigated specimens were compared
to the original mix without any rubber
additives. Some especial tests were
conducted on all the investigated mixes.
These tests include loss of stability,
plastometer, indirect tensile test and wheel
tracking test.

Table (1): Gradation of Different Mix Materials (%epassing).

ieve size,
inch 34 | 12 | M8 | Nod | No§ | No30 | NosO | No. 100 | No.200
Material
Coarse 100 | 945 | 73.2 | 322 1.1
aggrepale
100 | 98.7 57 40.5 12 0.5
sand
160 | 985 | 936 1.7
Mineral Filler
Crumb Rubber 100 | 98.7 57 35.5 10 0.4

Table (2): Properties of Asphalt Materials Mixed With Cretin Percents of Rubber

Test AASHTO Results for rubber pereent Specefication
cs
No. Designation no. 0% 504, 10% 15% limits
1 Penetration,0. lmm T-49 64 65 68 59 60-70
2 Softening point, ¢ T-53 52 52 54 56 45-55
3 Flash point,” ¢ T.48 +270 | +265 | +255 | +250 +250
Kinamatic
4 T-201 +345 | +340 | 4330 | +315 +320
viscosity,cst
5 Ductility,em T-51 130 145 140 125 > 95

e
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Marshall Test

Marshall test method, as described in
Egyptian specification was used in this
study to find the oplimum asphalt content
and the corresponding characteristics of the
investigated asphalt mixture containing
different rubber percents. The procedure of
the Marshall test as well as the calculations
of all mix properties are presented in
Egyptian code for highway works.

Loss of Stability Test

loss of stability test was conducted on
Marshall specimens as an indicator for
resisting water action by pavement
constructed with rubber enhancement. In
this test Marshall specimens were placed in
water bath and tested at several times (0,
lday, 2days, and three days) to measure the
loss in mix stability.

Plastometer Test Method

Plastometer apparatus was used to measure
dynamic modulus of elasticity. In this
method asphalt concrete mix samples of
dimensions 4 x 4 x 16 cm was used. These
samples were prepared based on the results
obtained from Marshall test. The outline of
the method is thoroughly explained by
Mohamady [13]. Deflection of tested
specimens was recorded each one minute.
Afterthat modulus of elasticity was
determined  through  calculating  the
rtheological characteristics of asphalt mix
specimens. This modulus represeats a
dynamic modulus of glasticity
corresponding to a Joading time of (.02
second for the asphalt concrete mix.

Wheel Tracking Test Results

The wheel tracking test was conducted on
some specimens according to the Egyptian
code. Several specimens (3 specimens/ mix)
were prepared and tested to study the effect
of rubber on the pavement capability to
withstand rutting phenomena. Table (3)
presents a summary of the different
variables, number of mixes, tubber percent,
conducted testes and number of specimens
per each mix.

Indircet Tensile Test

The indirect tensile test used in this study
was developed by Camnerio and Barcells
[14] in Brazile and Akazawa [15] in Japan.
Indirect tensile test was carried out by
foading  Marshall  specimens  with
compressive vertical loads that act paraliel
to and along the verfical diameter plane
unti} failure using a constant rate of loading
of 0.04 in/mm. A steel Joading strip 0.5 in
wide with a curved loading surface was
used to distmbute the load uniformly and to
maintain a constant loading area. By
continuously monitoring the loads and the
vertical and horizontal defonmations of the
specimen until failure, one can estimate the
mixlure tensile charactenstics at failure by
using ceitain theoretical equations [16]. The
simplified relation for estimating the
indirect tensile strength 4 in. diameter
specimen with 0.5 in. wide covered loading
stnp is as follows:

Indirect tensile strength, ITS, psi = 0.156 Pf
/H Where:

Pf = Total load at failure, Ib;
H = Height of specimen; in.
RESULTS AND DISCUSSION

Analysis of
properties

asphalt-rubber mix

The properties of asphalt-rubber mix were
evaluated and discussed comparing with the
corresponding properties of asphalt matenal
alone. Table (4) summarized the results of
these lests. Based on the data presented in
the table, it can be noticed that as the rubber
content increases penetration of asphalt also
increases reaching 69 mm at 15% rubber
percent, which means that it is still in the
penetration  category  (60-70).Therefore
further 1increase in rubber percent may
change the penetration of asphalt to another
category. Lower variation of softening point
degree was found when using 5% or 10% of
rubber. On the other, hand using 15%
rubber instead of similar percent of asphalt
gives an out of specification value
(>55°%).Flashpoint degree decreases with
increasing rubber percent.
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Table (3) conducted test lor the investigaicd mixes
MixNo. | No. of Tests
Property MI | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | Mio [ M1 | MI2
Rubber Percent, % 0 10 15 20 25 30 35 40 45 5 10 15
Asphalt Binder, % 36 | 56 | 55 | 55| 545335352 52| 56 5.6 5.6
Marshall Test 21 21 21 21 21 21 21 21 21 21 2l 21
Loss of Siability Test 3 3 3 3 3 3 3 3 3 3 3 3
Wheel Tracking Test 3 3 3 3 3 3 3 3 3 3 3 3
Indirect Tensile Test 3 k) 3 3 3 3 k) 3 3 3 3 3

Trable (4): Results of all tesls for all investigaled mixes

Mir Mo

Al Ml M3 M4 S Mg M7 ME n9 b1k MLI Mi2
property
Density (grmfem2} 2387 2095 136 215} M 2.3} 2317 | 2303 | 2.287 | 2384 2.7 2355
Stability (ib) 2795 680 2588 2487 2355 2030 1710 1190 1742 e 2520 21490
Flaw, 0.0Vin 62 73 2.9 295 11.4 13.1 15.4 18 199 6.1 6 33
AVY 48 4.5 4.3 39 16 M 23 22 1.95 41 37 35
YMAY 143 14.3 15.¢ 15.57 16.1 16.25 168 175 18.2% 143 15.2 156
%iLass of stability Value(afier 3 days) 13 14.24 15.73 17.08 18.1 132 198 27 L] 13 I|5.T 10‘
Recorded Dcﬁcction: .01 r0mi{ 10min} 1.9 754 8.3 31 852 89.5 938 IO-LS 108.3 73 164 833
Modulus of Elasticiy({E)kpfem2 10660 | 10596 | 10523 10-;'.!2 10254 | 10140 | 10060 | 9723 9626 10633 | 10596 | 10466
Retorded Track Depth 0 linch{B0min 4.3 44 4.9 5.2 55 7.5 9.07 9.4 9.9 4.5 4.7 58
Indireet Tensile Seength,psl 41 44 49 56 62 60 50 43 3 43 40 36

This may be related to the higher sensitivity
of rubber to fire. However flash point
degree is still within the speciftcation range
(+250). On the other band, kinematic
viscosity decreased with increasing rubber
percent and it goes out specification for
tubber percent of 15% (i.e. <320°).Finally
analysis of rubber effect on the ductility of
asphalt binder was studied. From the table,
it can be noticed that higher ductility was
obtained when using 5% rubber percent as a
substitution of asphalt. Increasing rubber to
15% decreases the binder ductility to

125¢m, which is less than that of pure
asphalt although 1t is still within the
specification range.

Effect of rubber content om Marshall
properties

Effect of Rubber Content on Marshall
Stability

Based on the results in Table (4), It can be
noticed that Marshall mix stability for the
first nine mixes(groupl) decreases as rubber
percent increase, achieving the highest
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Marshall Test

Marshall test method, as described in
Egyptian specification was used in this
study to find the optimum asphalt content
and the corresponding characteristics of the
investigated asphalt mixture conlaining
different rubber percents. The procedure of
the Marshall test as well as the calculations
of all mix properties are presented in
Egyptian code for highway works.

Loss of Stability Test

loss of stability test was conducted on
Marshall specimens as an indicator for
resisting water action by pavement
constructed with rubber enhancement. In
this test Marshall specimens were placed in
water bath and tested at several times (0,
lday, 2days, and three days) to measure the
loss in mix stability.

Plastometer Test Method

Plastometer apparatus was used to measure
dynamic modulus of elasticity. In this
method asphalt concrete mux samples of
dimensions 4 x 4 x 16 cm was used. These
samples were prepared based on the results
obtained from Marshall test. The outline of
the method is thoroughly explained by
Mohamady [13]. Deflection of tested
specimens was recorded each one minute.
Afterthat modulus of elasticity was
determined  through  calculating  the
theological characteristics of asphalt mix
specimens. This modulus represents a
dynamic modulus of elaslicity
cotresponding to a loading time of 0.02
second for the asphalt concrete mix.

Wheel Tracking Test Results

The wheel tracking test was conducied on
some specimens according to the Egyptian
code. Several specimens (3 specimens/ mix)
were prepared and tested to study the effect
of rubber on the pavement capability to
withstand rutting phenomena. Table (3)
presents a summary of the different
variables, number of mixes, rubber percent,
conducted testes and number of specimens
per each mix.

[ndirect Tensile Test

‘T'he indirect tensile test used in this study
was developed by Carmnerio and Barcells
[14] in Brazile and Akazawa [15] in Japan.
Indirect tensile test was carried out by
loading ~ Marshall  specimens  with
compressive vertical Joads that act parallel
10 and along the vertical diameter plane
until failure using a constant rate of loading
of 0.04 in/mm. A steel loading strip 0.5 in
wide with a curved loading surface was
used to distribute the load uniformly and to
maintain a constant loading area. By
continuously monitoring the loads and the
vertical and horizontal deformations of the
specimen until failure, one can estimate the
mixture tensile characteristics at failure by
using certain theoretical equations [16]. The
simplified relation for estimating the
indirect tensile strength 4 in. diameter
specimen with 0.5 tn. wide covered loading
stoip is as follows:

Indirect tensile strength, ITS, psi =0.156 Pf
/H Where:

Pf = Total load at failure, Tb;
H = Height of specimen; in.
RESULTS AND DISCUSSION

Analysis of
properties

aspbalt-rubber mix

The properties of asphalt-rubber mix were
evaluated and discussed comparing with the
corresponding properties of asphalt material
alone. Table (4) summarized the results of
these tests. Based on the data presented in
the table, it can be noticed that as the rubber
content increases penetration of asphalt also
increases reaching 69 mm at 15% rubber
percent, which means that it is still in the
penetration  category  (00-70).Therefore
further increase in rubber percent may
change the penctration of asphalt to another
category. Lower variation of softening point
degree was found when using 5% or 10% of
rubber. On the other, hand using 15%
rubber instead of similar percent of asphalt
gives an out of specification value
(»55°).Flashpoint degree decreases with
increasing rubber percent.
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Table (4): Results of all tesls for all investigaled mixes

Mix No. MNo. of Tests
Property MI | M2 | M3 [ M4 [ MS | M6 | M7 | M8 | M9 | M10
Rubber Percent, % 0 10 15 20 25 30 35 40 45 5
Asphalt Binder, % 56 56 5555|5453 5352|5256
Marshall Test 21 21 21 21 21 21 21 21 2] 21
Loss of Slabilily Test 3 3 3 i) 3 3 3 3 3 3
Wheel Tracking Test k) 3 3 3 3 3 3 3 3 3
Indirect Tensile Test 3 3 3 3 3 3 3 k! 3 3

Mix No.
M1 M2 MY M4 M5 M6 o MB M2 MIQ M1 M2
property
Density (gmfom?) 22387 | 2378 2.3 1,333 134 233 237 | 2203 | 2.287 | 2384 | 2376 | 2355
. Stability (ib) 2795 1680 2588 2437 2355 2030 1910 1990 | 742 2710 2520 1140
Flow, 0.01in &2 18 8.9 995 1.4 131 15.4 18 199 6.1 6 . 59
AV 4% 4.5 4.3 19 36 3.3 23 2.2 1.95 4.1 37 L}
VMAY 143 14.7 15.% V557 16.1 16.25 16.2 175 18.25 14.5 15.2 156
%Loss of stability Value{afler 3 days) i b4.21 1572 17.08 18.1 122 198 27 n 13 JS,? 0
Recorded D:ﬂccfionl, 0.0 v | Dmin) 139 75.4 3 i) 852 89,; 938 1018 | 1083 13 6.6 833
Modulus of Elasticity{E)kg/cm2 10660 | 10596 | 10523 IU-;H 10254 | 10140 | 10060 | 9723 | 9626 | 10633 | 10596 | 10466
Recorded Track Depihiy. 01 inch{60min 4.3 4.4 4.9 5.2 55 1.5 2.07 9.4 99 4.5 4.7 58
Indircet Tensile Strengih,pst 41 44 49 56 62 &0 50 43 M 43 40 16

This may be related to the higher sensitivity
of rubber to fire. However flash peint
degree is still within the specification range
(+250). On the other hand, kinematic
viscosity decreased with increasing rubber
percent and it goes out specification for
rubber percent of 15% (i.e. <320°c).Finally
analysis of rubber effect on the ductility of
asphalt binder was studied. From the table,
it can be noticed that higher ductility was
obtained when using 5% rubber percent as a
substitution of asphalt. Increasing rubber to
15% decreases fhe binder ductility to

125cm, which is less than that of pure
asphait although it is still within the
specification range.

Effect of rubber content on Marshall
properties

Effect of Rubber Content on Marshall
Stability

Based on the results in Table (4), It can be
noticed that Marshall mix stability for the
first nine mixes(groupl) decreases as rubber
percent increase, achieving the highest
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stability value of 2795 lbs at zero rubber
percent (M) The lowest stability value
reached 1742 Ibs al 45% rubber and 55%
fine aggregate (M9). This means that
substituting 45% of sand in the mixes by
rubber decrease Marshall stability by about
1053 Tbs, ie, 40%of the original mix
stability. Moreover, mixes M8 and M9
given out of specifications stability values
(less than 1800 Ib) according to Egyptian
code. These results indicate that the
maximum rubber percent that can be used is
35% of the fine part of asphalt mix to ensure
acceptable mix stability. For the thrce mixes
M10, Mlland M12, as rubber percent
increase mix stability decreases. However
the stability was 2140 Ibs at 15% rubber
compared with original mix stability (M1)
of 2795 Ibs with no rubber. This means that
increasing rubber percent up to 15% of
asphalt binder decreases the mix stability
value by about 23.4 %. Based on these
results, it can be concluded that the
replacement of asphalt binder by rubber has
a pronounced effect on mix stability at
replacement percent of 15% or more.

Effect of Rubber Percent on Marshall Flow

~ The data presented in the Table (4) show
that the flow values of investigated mixes
increase as the rubber percent increase
substituting certain percent of fine aggregate
part of the mix., The rubber-sand
replacement give suitable flow values up to
about 30% rubber percent. On the other
hand, the use of rubber percent instead of
similac percent of asphalt binder mixes
(M10 through M12) has little effect on the
mix flow. This result may be due to the
similar nature of both rubber and asphalt as
bonding materials. The increase in the mix
flow already increases mix flexibility and
therefore enhances the pavement ability to
resist different types of cracking

Analysis of loss of stability test results

Loss of stability test was performed to
measure the ability of asphalt mix to serve

with time. The percent Joss of stability was
used as an indicalor to mix durability under
different conditions. Table (4) shows that
the loss of stability percent increases as
immersion fime increase with decreasing
rate. The first seven mixes suffer loss of
stability with the acceptable range
(<20%).Based on these results it can be
concluded that the use of rubber percent up
lo 30% inslecad of finc aggregatc may be
achieved. In mixes MJ0, through M12, the
loss of stability increases with increasing
immersion  time  with  monotonically
decreasing rate. It must be noted that the
loss of stability percents are in the allowable
range, in spite of the mix M12 in which the
rubber reaches 15% of asphait binder which
can be accepted by the mix durability and
hence the pavement performance with time
will be acceptable.

Analysis of plastometer test results

The data presented in Table(4) show that the
modulus of elasticity decreases as rubber
percent increase from 0% to 30% by weight
of sand (i.e. from the mix Mt to mix
M7).The values of modulus of elasticity are
10660 kg/em2 and 10060 kg/cm2 for the
mixes M1 and M7, respectively. This means
that the value of the modulus of elasticity
was decreased only by about 5.5% as the
rubber percent increased from zero
to30%.Afterthat, the values of the modulus
of elasticity are sharply decreased as the
rubber percent increases. It is of a great
importance {o state that the elastic modulus
values were decreased by 4.5% as the
rubber percent increased only from 30% to
40% by weight of sand { from the mix M7
to the mix M9).

Relationship between stability and modulus
of elasticity

Figure (1) shows the measured values for
both the stability measured by Marshall test
and modulus of elasticity measured by the
Plastomelter test. It can be easily nofed that
both measurements have almost the same
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trend for all  mixes. Sincc  DLoth
measurements represent lhe pavement
strength. This would provide some validily
of the results from both tests. Figure (2)
shows the relationship between the stability
and modulus of elasticity. There is a good
correlation between the two properties (The
R-squired value is 0.86).The cormelation
between the stability and modulus of
elasticity is given by the following equation:

E=0.8766 8 + 8281.3

Where:
E= Modulus of elasticity,kg/em2
S=Marshall stability,ib

Analysis of wheel tracking test results

To study the effect of rubber on the
pavement capability to withstand rutting
phenomena, several specimens  were
prepared and tested Table (4) shows that the
rut depth is of higher values in the last four
mixes [from the mix M6 to the mix M9].
The mix M3 achieved rut depth {.28 times
of the original mix M1, whereas the mix M9
achieve 2.3 times that of the mix M. Based
on this analysis, it can be seen that the use
of rubber percent up to 20% of fine
aggregate does not greatly affect the
pavement resistance to rutting. Mixes M10,
and M11 are of nearly equal values of rut
depth at the end of test time ranges between
4.3(0.005 inch) and 4.7(0.005inch).

On the other hand, the mix M12 achieved
higher rut depth value of 1.34 times that of
the mix M1.

Based on these results it can be concluded
that the use of rubber instead of asphalt
binder dges not affect mix resistance to
rufting up to 10% rubber percent.
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Aualysis of indircct tensile strength test
results

The indirect tensile strenglh test was
conducted on all the investigated mixes. The
main purpose of performing this test is to
measure the ability of asphalt mixtures
modified by rubber to resist cracking. The
test specimens were of dimensions exactly
as Marshall samples. Table (4) shows that
the indirect tensile strength was increased
with increasing rubber percent (group I) up
to the mix M5, in which the rubber percent
reaches 20% by weight of the fine
aggregate. It can be discovered that,
increasing rubber percent from zero to 20%
Jeads to increase in the indirect tensile
strength by about 51% of the corresponding
value at the original mix M1. This may
attribuled to flexible behavior of the rubber
material. However, increasing rubber
percent more than 20% leads to a decrease
in the indirect tensile strength achieving a
decrease by 17% for the mix M9 than that
of the original mix MIl.Noting that this
percent reaches about 45% as compared by
the best mix M5.

Since the main goal of using rubber in the
asphalt mixtures is to increase pavement
flexibility and therefore pavement resistance
to cracking, the mix MS is the most
preferable mix. Thus, the rubber percent of
20% by weight of fine aggregate 15
considered the optimum alternative. In the
group (II), it can be noted that the indirect
tensile strength is increased by about 5%
only of the original mix Ml when using
replacement ratio of 5% by weight of
asphalt binder. Afier that, further increase in
rubber percent leads to a decrease in tensile
strength achieving lower values than those
of mix M1. Based on this analysis, it can be
concluded that the use of rubber percent
instead of asphalt binder is not effective in
the mix propertics. However replacement
5% by weight of asphalt cement with rubber
can be recommended.
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Figure (2): Correlation between the stability and the modulus of elasticity

VALIDITY OF STUDY RESULTS

Based on the previous analysis for the
different conducted laboratory tests shown
in Table (4), it can be said that the optimum
mix properties may be achieved with 20%
rubber percent instead of similar percent of
fine aggregate as well as 5% rubber percent
as a replacement ratio of asphalt binder.
Based on the previous rubber content, a
proposed mix was prepared to evaluate the
different mix characteristics. The main goal
of this step is to check the validity of study

results. Several samples of proposed mix
were prepared to conduct all tests used
through the research. The results of the
proposed mix are shown in Table (5). From
the table it can be noted that the stability of
the proposed mix (2570ibs) is greater than
that of the mix M35 by about 10%.However
stability of the proposed mix is less than
that of the onginal pux M1 by about §%
only. From the table it can also noted that
the loss of stability i1s 16.2%.after three
dayes immersion time, This means that it is
of acceptable range (<20%).
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Table (5): Resulis of the proposed mix
*

| opery | e |

Density (gmfcm2) 2.33
Stabslity {ib) 2570

Flow 0.01in 11.7

AV% 3.3

VMAY% 15.7

%Loss of stability 162

Value(afier 3 days)
Deflecti oi:i)c.?)ridni(:n(l Omin) 805
Elaslri\::i()ifl(]l]ilfkg(:mZ 10460
Recarded Track

Depth0.01inch{60min)

Indirect Tensile Strength,psl 64

La

The modulus of elasticity of the proposed
mix is increased by 2% than that of mix M5
and decreased by about 2% also than that of
mix M1.The indirect tensile strength of the
proposed mix is 64 psi. This value is greater
than that of all investigated mixes. This
agrees with the main target of this study
which is enhancing the ability of the asphalt
pavement to resist pavement cracking.
Based on this analysis it can finally
recommend to use the proposed asphalt mix.
In this mix 20% of fine aggregate can be
replaced by rubber and 5% of asphalt binder
can also replaced by rubber at the same
time.

CONCLUSIONS

Based on the previous analysis as well as
the results of the proposed mix the
following conclusion can be said:

1. Marshall stability decrease as rubber
percent increase. The stability reduction
is of lower values up to 25% rubber
instead of fine aggregate.

2. Replacement of asphalt binder by rubber
has unpronounced effect on mix stability
values up to percent 10% rubber.
However, sudden decrease of mix
stability was noticed for 15% rubber.
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3. Mix flow increases as rubber percent
increases, which may enhance pavement
resistance {o cracking.

4. The loss of stability was in the
acceptable range (<20%) when using
rubber percent up to 30% of fine sand.
However, more increase in rubber
percent leads to higher stability loss,
which may be out of specifications and
leads to unfavorable performance with
time.

LA

. The use of rubber instead of asphalt
binder has a little effect on stability
losses with time, and it remains in the
accepted range dunng study values
(15%rubber).

The modulus of elasticity values are not
greatly affected by using rubber instead
of sand up to 30% rubber, On the other
hand, using rubber percent up to 10% by
weight of asphalt has a very little effect
on modulus of elasticity values.

>

7. Good correlation was found between
Marshall stability (S, ib)and modulus of
elasticity (E, kgfem2) for asphalt mix
tures in the form:

E=0.8766 8 + 8281.3
R-squired value is 0.86

8. The use of rubber percent up to 20% by
weight of sand or 5% by weight of
asphalt has a great effect on pavement
resistance to ruiting (whee] tracking
test).

9. Increasing rubber percent from zero (o
20% by weight of sand increase the
indirect tensile strength by about 51% of
the original mix (without rubber). This
greatly  enhances the pavement
resistance to cracking.

10, The use of rubber instead of asphalt
binder has unpronounced effect on the
tensile strength values. However, the use
of 5% rubber by weight of asphalt gives
favorable results.

11. Based on the study resulis, a proposed
mix was prepared with 20% rubber by
weight of sand and 5% rubber by weight
of asphalt. The proposed mix gave a
suitable mix property for almost all
properties and it is recommended.
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Recommendations

Based on the study results and the drawn

conclusions,

the following

recommendations are suggested:

L.

Using of rubber material in
manufacturing asphalt concrete mixtures
is recommended to enhance cracking
resistance of the pavement.

Using rubber percent of 20% by weight
of fine aggregate as well as 5% by
weight of asphalt give satisfaclory
properties of asphalt mix, which in turn
would  provide  optimum field
performance  and  limit  pavement
cracking by a considerable extent.

Other materials should be investipated
in production of asphalt mix to
overcome some dangerous pavement
distresses. Elimination of pavement
cracking is considered as a vital goal in
these investipations.
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