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Abstract 

 Asphalt is predominantly used to construct pavements for roads, highways, and 

airports. Both asphalt binder and asphalt – aggregate mixture show temperature and 

time dependent behavior. Rutting or permanent deformation is the leading cause of 

pavement deterioration in temperature and warm climatic regions of the world and 

low – temperature cracking is a common problem in cold regions. As the highway 

pavement infrastructure has aged and deteriorated, more pavements are in need of 

maintenance, rehabilitation, and reconstruction. This is traditionally done by placing  

hot mix asphalt overlay. 

Four contents of crumb rubber, waste plastic, polyvinyl alcohol, and resol are used. 

These are (2.5, 5.5, 8.0, 10.5)% by weight of aggregate, three contents of crumb 

rubber, waste plastic, polyvinyl alcohol, and resol are used as additives to asphalt 

cement represent about 1.3% from the percentage of asphalt cement. It was found 

that the addition of crumb rubber, waste plastic, polyvinyl alcohol, and resol 

increased the Marshall stability retained strength, and air voids.               

Resol and crumb rubber gave rise higher values of Marshall stability than waste 

plastic and polyvinyl alcohol. The study also allowed for the identification of many 

important engineering concerns which must be addressed in future, and more 

extensive, studies in this area. 
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 الخلاصة

يستتددم اسستتمت فتن بنتتاء الطترق والممترات الستتريعة ومتدار، المطتارات، من اتتات كتتل متن اسستتمت التترابط      
الستتيارات والتهتتتو   ودمتتيط ركتتام اسستتتمت تعتمتتتد امتتا درجتتة الحتتترارة والتتتترة ال منيتتة ل ستتتعمال. من م تتتر اجتت ت

الدائم هو السبب المؤدي إلا تمف الطرق المبمطة بهكل متترط فتن المنتاطق الحتارة ومنتاطق التدفء المنتادن فتن 
العالم وان التكسر الناتج من درجة الحرارة الواطئة هو مهتكمة مللوفتة فتن المنتاطق البتاردة. وبمتا إن البنتا التحتيتة 
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اتادة تلهيم تتا لمطترق المبمطتتة الستريعة ماتتبحت قديمتة  وتالتتتة لت لك فقتتد بتر ت الحاجتتة إلتا إدامتتة تبمتيط الطتترق وا 
 وبناءها. واادةً ما يتم  لك بالطرق التقميدية من د ل مكسائ ا بطبقة من دميط اسستمت الحار.

من مربتتتم كميتتتتات متتتن مستتتتحوقن المطتتتتاط المستتتت مك وفاتتتت ت الب ستتتتك  وبتتتتولن فنايتتتتل الكحتتتول والريتتتت ول تتتتتم 
(% متتن و ن الركتام ، وقتد تتتم استتددام    تة كميتتات متن مستتحوقن 58.2،  0.8،  2.2،  5.2)استتددام ا وهتن 

المطتاط المستتت مك وفات ت الب ستتتك  وبتولن فنايتتل الكحتول والريتت ول كمتواد إاتتافة إلتا إستتتمت ا ستمنت وقتتد 
مستتت مك % متتن نستتبة إستتمت ا ستتمنت. وقتتد تتتم التواتتل إلتا من إاتتافة مستتحوق المطتتاط ال5.1م متت بحتتوالن 

 وفا ت الب ستك وبولن فنايل الكحول والري ول ي يد من استقرارية المارهال وقوة ا ستبقاء والتجوات ال وائية.
يعطتتن كتتتل متتتن الريتتت ول ومستتتحوق المطتتتاط المستتتت مك قتتيم االيتتتة متتتن استتتتقرارية المارهتتتال مك تتتر متتتن فاتتت ت 

الك يتر متتن ارمتور ال ندستية الم متة التتن يجتتب الب ستتك وبتولن فنايتل الكحتول.و تواتتا الدراستة اياتاً   تعريتف 
 .ودراسات مك تة فن ه ا المجالالتعرف امي ا فن المستقبل 

 
Introduction 
     Considering both road application and "in 
life" service, asphalt can be subjected to 
temperatures ranging from many degrees below 
zero to about 190-200 

°
C The glass transition 

region of asphalt usually starts at temperatures 
of about -20 

°
C, and the Newtonian region may 

start at temperatures of about70 
°
C. 

          In relation to the road application, the 
different viscoelastic behavior of asphalt leads 
to different defects in the paved surface

1
. At 

usual summer temperatures of pavement surface 
(60 °C), under traffic load, asphalt is not able to 
maintain the original shape of the pavement, 
thus leading to permanent deformation known as 
rutting. In low temperatures, the asphalt gets 
brittle and tends to crack, because the stiffer 
structure is unable to relax the internal stresses 
originating from traffic load

2
. Both of these 

distresses are not avoidable for neat asphalt, 
resulting in a shorter pavement lifetime. To 
overcome these problems various modification 
of the neat asphalt are studied. For the sake of 
brevity, we will here discuss the polymer 
modification only. The idea of such 
modification is essentially to improve the 
mechanical properties of the binder, which are 
supposed to become similar to the ones of the 
modifying polymer. This is usually obtained by 
adding from 2 to 8%wt of polymer on the total 
mass of the HMA

3
. Polymers can be added, 

which modify the natural viscoelastic behavior 
of the asphalt cement; thus affecting the ideal 
temperature range. There are two main classes 
of polymers used for this purpose: elastomers, 
which enhance strength at high temperatures; as 
well as elasticity at low temperatures; and 
plastomers, which enhance strength but no  
 

elasticity [4]. The large – scale use of these 
polymers may be attributed to their networks, 
which are due to the rheologic properties of the 
modified binder and the interactions of bitumen 

constituent that increase the complex modulus 
and the elastic response[5]. 
The modification has to be done with respect to 
some requirements. First of all, of course, the 
modification has to be cost effective (reduced 
maintenance costs has to be taken in account). 
Secondly, a good compatibility with neat asphalt 
is required, especially in case of road paving, 
where high temperature storage specifications 
define temperature and period of storage during 
which the polymer should not separate from the 
binder [6]. 
This work concentrates on the study of the 
asphalt mixture of surface course for express 
way to achieve specific mixtures from asphalt 
concrete based on different fillers, resol, and 
polymers to optimize the effect of the types and 
variations of various non bituminous materials 
on the Marshall properties, air voids, and index 
of retained strength of asphalt mixture concrete. 
 

Materials and Experimental Techniques 

1. Materials 

1.1 Asphalt Cement 
     In this work, the asphalt cement type was 
used: (60 – 70) penetration grade taken from 
Daurah refinery. The asphalt cement types 
characterized as D67 where the number after 
letter refers to the penetration value of asphalt 
grade. Original asphalt cement types are tested 
to determine their physical properties such as: 
penetration and absolute viscosity (consistency), 
softening point (heating temperature), ductility 
(tensile properties) and mass loss (durability and 
aging). The test used to determine these 
properties are now common and convention and 
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don’t need more description. The physical 
properties of different original asphalt types are 
presented in Table (1). 
 

Table 1: Physical Properties of Asphalt Cement 

Test Unit 

Penetration 

Grade 

(40 – 

50) 

(60 – 

70) 

Penetration on 

(25ºC, 100g, 5 
s),ASTMD5 

1/10 

mm 

40 65 

Absolute 

viscosity at 

60ºC, ASTM 

D2171 

poise 2065 1585 

Kinematics 

viscosity at 

135ºC, 

ASTMD2170 

poise 430 340 

Ductility 

(25ºC, 5 

cm/min), 

ASTM D113 

cm >150 >150 

Softening point 

(R&B),ASTM 

D36 

°
C 52 47.78 

Specific 
gravity at 

25ºC, ASTM 

D70 

Gm/cm
3
 1.045 1.04 

Flash point, 

ASTM D92 

°
C 273 256 

After thin-film 

oven test, 

ASTM D1754 
1/10 
mm 

33 39 Penetration of 

residue(25ºC, 

100g, 5 s), 

ASTM D5 

Ductility of 

residue (25ºC, 

5 cm/min) 

ASTMD113 

cm >100 >100 

Loss in weight 
(163ºC, 50 gm, 

5hrs) 

ASTMD2754 

% 0.183 0.224 

 

 

1.2 Octyl phenolic butyl curing resin 

(vulcaresin) 

Composition: 

      A heat reactive methylol alkylated 
formaldehyde resin specifically formulated for 
curing butyl or halogenated butyl compounds.  

 

General description  
     Available as lumps (up to 5 cm) or 12 

mesh powder (up to 1.5 mm).  

Specific gravity (typical)  g/cm
3
 1.04 

Characteristics units requirements Infrared 

spectrum comparable with standard  

Acid value            mg KOH/g            10 – 30   
Methylol content %  8.5 ± 1 
Loss on heating to 65ºC  % 0.5 

maximum 

Ash at 550ºC            %          0.5 maximum 

Softening point  C
°
             90 – 95  

 

1.3 Crumb Rubber 
Crumb rubber produced from             

whole tyres in which the rubber hydrocarbon 

may be NR, IR, SBR and BR. 

 The crumb rubber has the following 

characteristics:- 

Specific gravity (typical)      1.15 g/cm
3
  

 Characteristics requirements 

 Bulk density  1.15 

 Carbon black         1.74 

 Polymer base, N/S/B     60/20/20 

 Rubber %  65.82 

 Carbon black, %  28.77 

 Ash, %  5.41 
 Total, %   100.00 

 

1.4 Waste Plastic is indefinite type. 

 

1.5 Polyvinyl Alcohol  
The polyvinyl alcohol is used in this work. 

The properties of polyvinyl alcohol is listed as 

follow: 
 

Density            1.19 – 1.31 g/cm
3
 

M.W. Approximately           14,000 g/mol 

Melting point (decomposes):      200 – 267 C
°
 

Flash point               79 C
°
 

 

 

 

 

 

 

Mixing Procedure 
     The mixing procedure represents the 
procedure used in preparing asphalt mixtures 
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involved in current investigation. The efficiency 
of mixing procedure depends on providing 
homogenous mix and uniform coating of 
aggregate with asphalt. Asphalt mixtures were 
prepared in this investigation as follows: 
The aggregates were first separated in two 
desired sizes as well as filler to achieve grading 
requirements of SCRB

7
 specifications for 

surface course. Each size of aggregates was 
washed and then dried to constant weight in the 
oven at 110 ± 5 

°
C. The weight of each 

aggregate size and filler was determined from 
multiplying its percent by desired weight of final 
mixture. All aggregate sizes and filler were 
placed in mixing bowel. The aggregates and 
filler were then heated to temperature of 160 

°
C

 

before mixing with asphalt cement (60 – 70), 
and penetration grade asphalt cement were 
heated in oven to the temperature of 145 

°
C and 

150 
°
C respectively. The asphalt cement was 

weighed to the desired amount and then added 
to the heated aggregates and filler in the mixing 
bowl. All components were mixed thoroughly 
until all aggregate and filler particles were 
completely coated with asphalt. The mixing 
temperature was maintained within required 
limits (115 – 155) 

°
C for (60 – 70) penetration 

grade asphalt cement respectively. 
 

Preparation of Marshall Specimens 
     This step includes preparation of cylindrical 
specimens which were (101.6 mm) in diameter 
and (63.5 ± 1.27 mm) in height in accordance 
with method ASTMD1559

8
. The procedure used 

in the investigation to prepare Marshall 
Specimens for asphalt concrete mixes can be 
described as follows:  

The Marshall mould assembly (101.6 mm) in 
diameter by (76.2 mm) in height spatula, and 
compaction hammer were heated on hot plate to 
temperature between (90 and 150 

°
C). The 

asphalt mixture was placed in the preheated melt 
and it was then spread vigorously with the 
heated spatula 15 times around the perimeter 
and 10 times in the interior. The temperature of 
the mixture immediately prior to compaction 
was between (140 – 150 

°
C). Then 75 blows on 

the top and bottom of the specimen were applied 
with a compaction hammer of 4.535 kg sliding 
weight, and a free fall in (457. 2 mm). The 
specimen in mold was left to cool at room 
temperature for 24 hours and then it was 
removed from mold. Three Marshall specimens 
were prepared at each asphalt content. Thus, 15 

specimens were prepared for five asphalt 
contents and for each asphalt mixture type. 

Resin Modified Asphalt 
1. In the asphalt – resin mixtures the vulcaresin 
represents about 1.3% of the percent of the 
binder. Blending of vulcaresin with the asphalt 
is expected to take between 45 minutes and one 
hour at 190 

°
C to achieve the reaction necessary 

to provide desirable binder properties. After 
blending of asphalt, with vulcaresin and diluents 
is completed with aggregates can proceed as 
with conventional HMA, however temperature 
of the blending must remain above 190 

°
C 

during the mixing and discharge operation. 
2. In the resin – modified mixtures the 
granulated vulcaresin is hundred like an 
aggregate and fed into the plant through the cold 
feed system. The dry granulated vulcaresin 
particles are mixed with the aggregate prior to 
mixing with asphalt in quantities ranging from 
2.5 to 10.5 percent by weight of the aggregates. 
However temperature must remain above 190 

°
C 

for one hour until a stabile viscosity is achieved. 
The vulcaresin grading is listed in Table 2. 

Table 2: Vulcaresin resin grading 

Sieve size  % passing 

3/4 100 

1/2 90 – 100 

3/8 77 – 93 

No. 4 44 – 74 

No. 8 29 – 58 

No. 16 21 – 46 

No. 30 12 – 33 

No. 50 5 – 21 

No. 100 4 – 15 

 

Rubber Modified Asphalt 
     The procedures follow as resin modified 
asphalt above.  
The crumb rubber grading is listed in Table 3.  

Table 3: Crumb rubber resin grading 

Sieve size  % passing 

3/4 100 

1/2 90 – 100 

3/8 77 – 93 

No. 4 44 – 74 

No. 8 29 – 58 

No. 16 21 – 46 

No. 30 12 – 33 

Plastic Modified Asphalt 
       The procedures follow as resin modified 
asphalt above.  
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The waste plastic rubber grading is listed in 
Table 4. 

 
Table 4: Plastic resin grading 

Sieve size % passing 

3/4 100 

1/2 90 – 100 

3/8 77 – 93 

 

 

Polyvinyl Alcohol Modified Asphalt 
     The procedures follow as resin modified 
asphalt above.  
The waste plastic rubber grading is listed in 
Table 5. 

 
Table 5: Polyvinyl alcohol resin grading 

Sieve size % passing 

3/4 100 

1/2 90 – 100 

3/8 77 – 93 

No. 4 44 – 74 

No. 8 29 – 58 

No. 16 21 – 46 

No. 30 12 – 33 

No. 50 5 – 21 

No. 100 4 – 15 

 

Calculation of the Percentage of Voids in 

Total Mix (VTM) in each Compacted 

Specimen 
This is the volume of the small pockets of 

air between the coated aggregate particles 
throughout the compacted mixture. It is obtained 
by first determining the maximum theoretical 
density of the specimen and then expressing the 
different between this and the bulk density as a 
percentage of the theoretical density. The 
maximum theoretical density can be measured 
for the asphalt mixtures at each asphalt content 
by using the standard method under designation 
of ASTM D2041

8
. The percentage of voids in 

total mix (% VTM) in the compacted specimen 
is obtained from the following equation: 

 

t

mbt

ψ

Gψ
%VTM


  

Where: 
%VTM = voids in total mix, i.e., in the 
specimen (%). 
ψt = maximum theoretical density (g/cm

3
).  

Gmb = average bulk density (g/cm
3
). 

 

Determination of Marshall Stability and 

Flow of each Specimen 
    The Marshall stability and flow test is 

performed on each specimen, which was tested 
for bulk density, in accordance with procedure 
described by ASTMD1559

8
  for “Resistance to 

the plastic flow of bituminous mixtures” using 
Marshall apparatus. It is type of unconfined 
compressive strength test in which the test 
specimen is placed in water bath at 60 

°
C for 30 

to 40 minutes and specimen is then compressed 
radically at a constant rate of strain of 50.8 mm 
per minute. The Marshall stability of test 
specimen is the maximum load, in (KN) 
required to procedure failure while the stability 
test is in progress, a dial gauge is used to 
measure the vertical deformation of the 
specimen; the deformation read at the load 
failure point is the flow volume, in (mm), of the 
specimen. 

 

Index of Retained Strength Test 
Index of retained test is to evaluate moisture 
damage of asphalt pavement. The loss in 
Marshall stability is obtained by divided average 
of three Marshall specimen stability values 
soaking in water bath at 60 

°
C temperature after 

24 hours by average of three Marshall specimen 
stability values soaking in water bath at 60 

°
C 

after 30 to 40 minutes. The Marshall stability 
loss must be not less 25% for surface course 
mixture. 

  

Results and Discussion 

Bulk Specific Gravity 
       Before performing the density – voids 
analysis the bulk specific gravity of the 
specimen must be determined. The specific 
gravity is obtained by dividing the specimen’s 
weight in air by its volume. 
The magnitude of these values achieved during 
compaction in the laboratory is not of great 
importance. The main purpose of calculating 
these values is for their use in the density – 
voids analysis. It should be noted that the 
numbers vary very slightly, decreasing with 
increasing crumb rubber, waste plastic, 
polyvinyl alcohol, and resol.   
 

Density – Voids Analysis 
     Two properties of the compacted are 
determined in the density – voids analysis: the 
air voids percent in the total mixture. The air 
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voids percentage represents the value obtained 
by subtracting the maximum theoretical density 
of the specimen from the average bulk density 
multiplying by 100 and then dividing by 
maximum theoretical density. 
The air void% in a compacted specimen is 
suggested by most agencies to be between 3 and 
5%. Low air void% is important in order to 
minimize the aging of the asphalt cement films 
within the aggregate mass and also minimize the 
possibility that water can get into the mix, 
penetrate the thin asphalt cement off the 
aggregates[9].   
In general the air void% increased with 
increasing contents of crumb rubber, waste 
plastic, polyvinyl alcohol, and resol.  The values 
are presented in Tables (6) to (11). However the 
air voids% of specimens with crumb rubber, 
waste plastic, polyvinyl alcohol, and resol is 
substantially higher than the control value. This 
could be due to the tendency of crumb rubber, 
waste plastic, polyvinyl alcohol, and resol to 
clump together and to lower density of these 
materials. Overall these results were as 
expected. The values are close enough to the 
suggested range to be acceptable and further 
optimization of the mixture design could easily 
bring the value within the specified limits. 

 

Effect of Crumb Rubber Modified 

Mixtures on Asphalt Concrete  
      Introduction of scrap tire rubber into asphalt 
concrete pavement has the potential to solve this 
waste problem. It has been estimated that if only 
10% of all asphalt pavement laid each year in 
United States contained 3% rubber, all the scrap 
tires produced for that year in this country 
would be consumed [10]. 
The dry process uses rubber as aggregate. 
Usually 2% to 3% rubber is added as a solid, 
with coarse and fine aggregates to a pure asphalt 
binder. The most popular mix design for this 
product has been patented under the trade name 
“Plus Ride”

11
. Most of the asphalt – rubber 

research work done in the past concentrated on 
roads with hot mix asphalt (HMA) concrete with 
finely ground rubber, commonly known as 
crumb rubber. This crumb rubber is expensive, 
and would not be cost effective for low volume 
roads. The use of crumb rubber as aggregate 
results in an improvement in asphalt concrete 
such as resistance to rutting, fatigue cracking 
and thermal cracking, in addition to protecting 
the environment and saving resources[12]. 

Four crumb rubber contents are used. These are 
2.5, 5.5, 8.0, and 10.5 percent by weight of 
aggregates. The purpose of this process is to 
examine the influence of crumb rubber with 
different contents on the Marshall properties, 
bulk density and air voids. 
As shown in Table (6), the Marshall stability, 
for two mixtures, increases to a certain point in 
which it starts decreasing with increasing crumb 
rubber content. Bulk density decreases and air 
voids increases as the content of crumb rubber 
increases. 
The idea of such modification is essentially to 
improve the mechanical properties of the asphalt 
concrete, which are supposed to become similar 
to the ones of the modifying rubber. The crumb 
rubber has to be done good compatibility with 
neat asphalt is required, especially in case of 
road paving, where high temperature storage 
specifications [13]. 
On the other hand, the crumb rubber may 
produce a linked network of polymeric 
macromolecules with asphalt. In this case the 
asphalt is trapped within a net of elastic, which 
are linked together with functional groups of 
crumb rubber and therefore lead to an 
elastomeric behavior of the binder providing 
more resistance to damaging effects of water 
and temperature. 

 

Effect of Waste Plastic Modified Mixtures 

on Asphalt Concrete 
      In recent years, plastics have experienced 
substantial growth and acceptance as a 
replacement for many materials. The growth of 
plastics in the bottling and packaging industry 
has been exceptionally steep. Plastics also 
continue to make up an increasingly large share 
of the floor coverings market. 
These two plastics applications, as well as 
others, have produced large quantities of 
consumer post – use and scrap plastic materials. 
There are entire industries whose efforts are 
directed to finding favorable economic and 
ecological uses for these scrap and recycle 
plastic materials. This work is directed, in part, 
to the use of waste plastic material as an additive 
which improves asphalt properties and provides 
an environmentally acceptable method for 
recycle of post consumer carpet and bottles. 
Four waste plastic contents are used. These are 
2.5, 5.5, 8.0, and 10.5 percent by weight of 
aggregates. The purpose of this Process it to 
examine the influence of waste plastic with 
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different contents on the Marshall properties, 
bulk density and air voids. 
As shown in Table (7), the Marshall stability, 
for two mixtures, increases to a certain point in 
which it starts decreasing with increasing waste 
plastic content. Bulk density decreases and air 
void increases as the content of waste plastic 
increases.  
The present work provides an improved 
Polymer additive which may be used to increase 
the high temperature viscosity of asphalt, 
without deleterious affecting the low – 
temperature viscosity of the asphalt. The Waste 
plastic may also used to improve the stiffness of 
certain asphalt.  
 

Effect of Polyvinyl Alcohol Modified 

Mixtures on Asphalt Concrete 
      In order to certify the effect of polyvinyl 
alcohol on Marshall properties of asphalt 
concrete mixture. The following four contents 
are used: 2.5, 5.5, 8.0, and 10.5 percent by 
weight of aggregate. 
As shown in Table (8) the Marshall stability, for 
three mixtures, increasing to a certain point after 
which it starts decreasing with increasing 
polyvinyl alcohol content. Bulk density 
decreases and air void increases as the polyvinyl 
alcohol content increases. 
The use of polyvinyl alcohol as additive, via 
chemical or physical blending has been shown 
to greatly improve the performance of   
conventional asphalt. The nature of polyvinyl 
alcohol has displayed to combine properties of 
elasticity, strength and adhesion to increase road 
life. Improved properties also include greater 
resistance to aging and stability at high 
temperature. 

 

Effect of Asphalt Polymer Modified 

Types (Crumb Rubber, Waste Plastic, 

and Polyvinyl Alcohol) Mixes on Asphalt 

Concrete 
     In the asphalt – polymer mixtures three types 
of polymers (Crumb rubber waste plastic and 
poly vinyl alcohol) are used as additives in this 
work to investigate the influence of polymer 
modified type asphalt on asphalt concrete. The 
polymer represents about 1.3% of the binder 
percentage (asphalt cement). 
As shown in Table (9) the Marshall stability of 
crumb rubber is higher than waste plastic and 
polyvinyl alcohol. Bulk density of waste plastic 
is higher than polyvinyl alcohol and crumb 

rubber, while air voids of polyvinyl alcohol is 
higher than waste plastic and crumb rubber. 
Polymers are the most common modifiers 
currently being used to improve asphalt cement 
viscoelastic  properties. The polymers increase 
the temperature range over which a binder 
resists both rutting and thermal cracking as well 
as lengthening the time before fatigue failure

15
. 

Polymer – modified binders typically are more 
viscous (thicker) than unmodified binders, and 
tend to show improved adhesive bonding to 
aggregate particles (sticker). These properties 
result in a thicker binder coating on the 
aggregate particles that does a better job of 
holding the particles together. The better 
adhesion helps to minimize drain down at the 
time of construction, and also helps to reduce 
the tendency of the pavement to revel once it has 
aged.  

 

Effect of Vulcaresin (Resol) Modified 

Mixture on Asphalt Concrete 
      Resols are usually made from phenol – 
formaldehyde resin which is a molar excess of 
the aldehyde. They differ from novolaks in that 
they contain methylol groups, dibenzyl 
hemiformal or dibenzyl ether groups instead of 
the simple methylene bridges between the 
benzene rings

16
. 

 
OH

CH2

R

CH2XH2C

OH

CH2X

R

OH

R

n

 

    n = 0, 1, 2 

   X = OH, Halogen 

   R = Hydrocarbon residue 
 
Four vulcaresin contents are used. These are 2.5, 
5.5, 8.0, and 10.5 percent by weight of the 
aggregate. The purpose of this process is to 
examine the influence of vulcaresin with 
different contents on Marshall properties, bulk 
density, and air voids. 
As shown in Table (10) the Marshall stability, 
for these mixes, increases to a certain point after 
which it start decreasing with increasing 
vulcaresin content. Bulk density decreases and 
air voids increases as the content of vulcaresin 
increases.  
Heating causes the reactive molecules of 
vulcaresin in to condense, through the reaction 
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of methylol groups with asphalt, to stable 
methylene links. Water is eliminated during this 
reaction. The rate of reaction depend on 
temperature, resol acidity, structure, free phenol, 
formaldehyde contents and resol moisture 
content. Improved properties also include 
greater resistance to aging and stability at high 
temperatures to increase road life. 

 

Effect of asphalt vulcaresin mixture on 

the asphalt mixture concrete 
   The resol modified asphalt is a new 
technology which provides many of the 
performance characteristics of asphalt cement 
with the economy and ease of construction of an 
asphalt concrete pavement.  
In the asphalt vulcaresin mixture, one type of 
resol is used as additive in this work to 
investigate the influence of vulcaresin modified 
on asphalt concrete. The vulcaresin represents 
about 1.3% of the binder percentage (asphalt 
cement). 
As shown in Table (11) the Marshall stability of 
vulcaresin is higher than polymers asphalt mixes 
which provides fuel – resistance and rut – 
resistance requires little to no maintenance, and 
requires much less cost and effort to construct 
when compared to ordinary asphalt concrete 
mixture. 

 

Comparison of Index of Retained 

Strength 
The average stability values of the three 
specimen immersed in water bath at 60ºC for 24 
hours divided by average stability values of 
three Marshall specimens immersed in water 
bath at 60ºC for (30 – 40 min.) is referred to 
index of retained strength (I.R.S). The Marshall 
stability loss must be not less than 25% for 
surface course mixture as shown in Tables (12) 
and (13). 
 

Conclusions 
The following conclusions are derived from this 
study: 
1- Improving low temperature flexibility 

exhibited by increased elongation that 
allows the pavement to yield without 
fracturing. 

2- Better resistance to flow or creep at elevated 
temperatures and greater resistance to 
oxidative hardening due to the presence of 
rubber antioxidants. 

3- Improved polymer additive which may be 
used to increase the high temperature 
viscosity of asphalt, without deleteriously 
affecting the low – temperature viscosity of 
the asphalt.  

4- Marshall stabilities 0f crumb rubber, waste 
plastic, polyvinyl alcohol, and resol 
mixtures, increases to a certain point which 
it starts decreasing with increasing  
polymers and resol contents.  

5- Adding the scrap plastic may actually 
improve the quality of the paving. 

Utilization of waste plastic in bituminous 
concrete mixtures provides increasing 
resistance to rutting and water damages    

6- Incorporation of crumb rubber to 
bituminous mixes requires a slight increase 
in the optimum binder content. 

7- Improved strength retention when wet that 
may result from the effects of rubber 
additives (sulfur accelerators and zinc 
compounds) which may promote better 
adhesion with the aggregate through slow 
migration of surface active components to 
the interface. 

8- Use of polyvinyl alcohol improves the 
performance of conventional asphalt, greater 
resistance to aging and stability at high 
temperature. 

9- Utilization of polyvinyl alcohol in asphalt 
cement reduces the tendency of the 
pavement to reveal once it has aged. 

10- Methylol groups of vulcaresin reacts with 
asphalt to form methylene linkages leads to 
increase in resistance to aging and stability 
at high temperature.   

11- Marshall stability of vulcaresin modified 
mixture is higher than polymer modified 
mixtures. 

12- sphalt vulcaresin mixture provides fuel – 
resistance, rutting – resistance, and requires 
much less cost and effort to construct when 
compared to ordinary asphalt concrete 
mixture. 

An important consideration is the effect of 
incorporation such as crumb rubber, waste 
plastic, polyvinyl alcohol, and resol on the 
quality and performance of the hot mixture 
asphalt pavement of course it would not be 
economically feasible to complicate the 
production of asphalt pavements if the result 
was a pavement with shorter life and higher 
maintenance costs. The results of this study 
show that addition of these materials does not 



Al-Essa et.al.                                                       Iraqi Journal of Science, Vol.51, No.1, 2010, PP.18-27  

 26 

have any significant adverse effects on the 
properties of asphalt pavement specimens, and 
in many cases the additives improve important 
properties. 

 

Table 6: Crumb rubber modified mixture test 

results at different crumb rubber contents . 

crumb 

rubber 

content 

%  

Bulk 

density 

gm/cm
3
 

Air 

voids 

%  

Marshall 

stability 

(kN) 

Marshall 

flow 

(mm) 

2.5 2.24 3.7 48 3.8 

5.5 2.23 4.2 52 3.6 

8.0 2.21 4.8 36.5 3.9 

10.5 2.20 5.2 27.3 2.7 

 

Table 7: Waste Plastic modified mixture test 

results at different waste plastic contents . 

Waste 

Plastic 

content 

%  

Bulk 

density 

gm/cm
3
 

Air 

voids 

%  

Marshall 

stability 

(kN) 

Marshall 

flow 

(mm) 

2.5 2.12 3.6 23.8 2.9 

5.5 2.11 3.9 37.9 2.5 

8.0 2.10 4.6 18.8 3.6 

10.5 2.09 5.5 14.4 3.8 

 

Table 8: Polyvinyl alcohol modified mixture test 

results at different polyvinyl alcohol contents. 

polyvinyl 

alcohol 

content % 

Bulk 

density 

gm/cm
3
 

Air 

voids 

%  

Marshall 

stability 

(kN) 

Marshall 

flow 

(mm) 

2.5 2.29 3.9 13.21 3.8 

5.5 2.25 4.3 16.34 3.6 

8.0 2.23 4.8 18.72 3.3 

10.5 2.20 5.4 9.85 4.8 

 

Table 9: Asphalt polymer mixtures test results at 

different polymer types. 

 

 

 

 

 

 
 

 

 

 

 

 
Table 10: Vulcaresin modified mixture test results  

at different vulcaresin contents. 

Vulcaresi Bulk Air Marshal Marshal

n content 

%  

density 

gm/cm
3
 

void

s %  

l 

stability 

(kN) 

l flow 

(mm) 

2.5 2.26 3.4 61.9 3.8 

5.5 2.24 3.9 63.2 3.3 

8.0 2.19 4.4 76.7 3.7 

10.5 2.15 4.8 50.5 4.8 

 
Table 11: Asphalt vulcaresin mixture test results 

at vulcaresin content. 

Resol 

type 

Vulcaresi

n%  by 

weight of 

asphalt 

cement 

Bulk 

densi

ty 

gm/c

m
3
 

Air 

voi

ds 

%  

Marsh

all 

stabili

ty 

(kN) 

Marsh

all 

flow 

(mm) 

Vulcare

sin 

1.3 2.30 3.7 49.5 3.5 

 
Table 12: Asphalt nonbituminous mixtures test 

results at different nonbituminous types. 

nonbitumin

ous 

materials 

types 

Nonbituminou

s%  by weight 

of asphalt 

cement 

Marsh

all 

stabilit

y at 

60ºC 

for 24 

hours 

in 

water 

Marsh

all 

stabilit

y at 

60ºC 

for (30 

- 40 

min) in 

water 

Crumb 

rubber 

1.3 18 21.4 

Waste 

plastic 

1.3 13.24 16.32 

Polyvinyl 

alcohol 

1.3 10.8 12.92 

Vulcaresin 1.3 44.52 49.5 

 

Table 13: Nonbituminous modified mixtures test 

results at different nonbituminous types and 

contents. 

nonbituminou

s materials 

 types 

Conten

t %  

Marshal

l 

stability 

at 60ºC 

for 24 

hours in 

water 

Marshal

l 

stability 

at 60ºC 

for (30 - 

40 min) 

in water 

Crumb rubber 5.5 43 52 

Waste plastic 5.5 31 37.9 

Polyvinyl 

alcohol 

8.0 16 18.72 

Vulcaresin 8.0 63 76.7 
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polymer 

modified 
types 

Polymers% 

by weight 
of asphalt 

cement 

Bulk 

density 
gm/cm

3
 

Air 

voids 
% 

Marshall 

stability 
(kN) 

Marshall 

flow 
(mm) 

Crumb 
rubber 

1.3 2.00 3.8 21.4 2.4 

Waste 

plastic 

1.3 2.16 4.0 16.32 2.0 

Polyvinyl 
alcohol 

1.3 2.12 4.9 12.92 2.7 

 



Al-Essa et.al.                                                       Iraqi Journal of Science, Vol.51, No.1, 2010, PP.18-27  

 27 

1. Xiaohu, L., Isacson, U., 2001. Polymer 
Testing, 20:77 – 86. 

2. Wen, G., Zhang, Y., Sun, Y., Fun, K., 
2002.Polymer Testing, 21:295 – 302.   

3.  Heitzman, M. S., May 1992. State of the 
Practice – Design and Construction of 
Asphalt Paving Materials with Crumb 
Rubber Modifier, Report F H W A – S A 92 
- O22, Federal High way Administration.  

4. Isacsson,U.,Xiaohu, L., 1997. Construction 
Building Material, V. 11, P. 23 – 29. 

5. Xiaohu, L., Isacson, U., 1997, Fuel, 76: 
1353–1359. 

6. Green, J. B., Yu, S. K. T., Pearson, C. D., 
Reynolds, J. W., 1993, Energy and Fuels, 
7:119 – 126. 

7. SCRB: State Commission of Roads and 
Bridges (SCRB), 2004. "General 
specification for roads and bridges", 
Republic of Iraq, Ministry of Housing and 
Construction Department of Planning and 
Studies, Baghdad, Revised Edition, 
Addendum No. 3. 

8.  Manual Book of ASTM Standards, 1988, 
Section 4, Vol. (04 – 03).  

9.  “The Asphalt Handbook”, Asphalt Institute, 
1989. MS – 4, Lexington, KY.  

10. Nelson, R. and Hossain, M., September, 
1994. A state wide plan for utilization of 
Scrap Tires in Kansas, Draft Final Report to 
Kansas Department of Transportion 
(KDOT). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11. M. Heitzman, January, 1992, An Overview 
of Design and Construction of Asphalt 
paving Materials with Crumb Rubber 
Additives, paper presented at the 71

st
 

Annual Meeting of Transportation Research 
Board, Washington, D.C.  

12. Dantas Neto, S. A., Farias, M. M., Pais, J. 
C., Pereira, P. A., and Picado Santos,  L., 
2003, Behavior of Asphalt – Rubber Hot 
Mixes Obtained with High Crumb Rubber 
Contents, Proceedings of the Asphalt 
Rubber 2003, Conference, Brasilia, Brazil.  

13. Pounder, T. J., 1993, A study to Incorporate 
Recycled Rubber into the Cold In – Place 
Asphalt Recycling Process, M S O 
Construction Ltd. And T. J. Pounder 
(Ontario) Ltd. 

14. Eliassaf, J., 1972, Detection of small 
quantity of Poly (vinyl alcohol) in Poly 
(vinyl chloride) resin, Polym. Lett, 16: 225 
– 235. 

15. Leite, L. M., 1999, Ph. D. Dissertation, 
Instituto de Macromoleculas professor a 
Eloisa Mano da Universidade Federal do 
Rio de Janeiro. 

16. Follensbee, R. A., Koutsky, J. A., 
Christiansen, A. W., Myers, G. E., and 
Geimer, R. L., 1993, Development of 
Dynamic Mechanical Methods to 
Characterize the Cure State of Phenolic 
Resol Resins. J. Appl. Polym. Sci. 47:1481 – 
1496.  

 


