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Abstract: The increase in road traffic during the last two decades in combination with an insufficient

degree of maintenance due to shortage in funds has caused an accelerated and continuous deterioration

of the road network in Iran. Research envisaged on areas where the risk appears high. For instance, a

recently completed research project undertaken on dolerites from three quarries, revealed important findings

that would help in making the asphalt mixes more durable. 
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INTRODUCTION

The modification of penetration grade bitumen by

Styrene-Butadiene-Styrene (SBS) has been widely

investigated, and such modified bitumen is in common

use in several countries. In Iran, most modification of

penetration grade bitumen has historically been done

using Styrene-Butadiene-Rubber (SBR) or crumb tire

rubber.  The use of SBS has been limited. There is an

existing specification for SBS modification (SABITA,

1994) which encompasses the lower performance

modified bitumen (softening point minimum of 47-49

ºC, elastic recovery minimum of 60% at 10ºC).  This

research is aimed at high performance SBS modified

bitumen (softening point minimum of 80ºC, elastic

recovery minimum of 75% at 13 ºC).

SBS  is  a block co-polymer. In the case of a

linear polymer, it consists of a block of butadiene

monomer (ranging in length from 10 000 to 100 000

units)  in the center and tipped by two blocks of

styrene monomers at the end. By introducing linkages

during the polymerization process, a branched form of

SBS can be formed; the various forms are shown in

Figure (1).

The  chemical nature of butadiene and styrene

differ markedly, and the block polymerization process

allows the setting up of separate regions of differing

polarity, one being hard and glassy (styrene) and the

other being rubbery in nature (butadiene). The

incompatibility between the regions allows for a phase

separation within the polymer, resulting in a network

of hard polystyrene domains inter-connected by a

rubbery matrix (Figure 2).

SBS modification of bitumen has widely

investigated. It has been reported to be effective in

preventing thermal cracking, delaying fatigue cracking

and reducing permanent deformation in hot mix

asphalts as well reducing or preventing crack reflection

through chip seals . The resultant properties of the[3]

SBS modified binder are strongly dependent on the

properties of the SBS, such as degree of branching,

butadiene/styrene ratio as well as effective molecular

mass (chain length). The SBS concentration in the

bitumen is also critical, with three effective groups

(Table 1).

With the relatively recent increase in legal axle

load in Iran and increasing trend amongst truck

operators to use higher tire pressures, it became quite

a challenge to design a durable pavement structure,

which is at the same time affordable. Thus, although

innovativeness in the contract is a prerequisite it has to

be justified in term of the perceived extra risk

accompanying innovations.

Due to the nature of the traffic, the growth in these

heavy vehicles, which consist mainly of 6 and 7 axle

trucks, relies on the economic growth of the country.

This paper summarizes approaches involving the use of

SBS modified binder and the lessons learnt. The paper

discusses two applications of SBS binder in this

project, namely in asphalt mixes. 



J. Appl. Sci. Res., 4(3): 282-286, 2008

283

MATERIALS AND METHODS

Asphalt Mixes Design and application: As

mentioned earlier the design strategy called for

extensive use of asphalt. However due to competitive

nature of this type of contract, attempts were made at

the early stage of design, to formulate the best asphalt

mix possible without the need of adding modified

binder. In order to make this possible the frictional

resistance of an asphalt mix, which deepens aggregates

characteristics had to be maximized. 

Test1 by Universal Testing M achine: In general, the

criteria that needed to be satisfied for the high-risk

sections were not achievable unless modified binder

was used. One practical advantage of the SBS modified

binder asphalt mix is that its optimum binder content

is the same as when using conventional bitumen. As a

rule of thumb, when penetration grade bitumen is

substituted by SBS binder the temperature of mixing,

laying and compacting was raised by 2.5°C per

percentage of SBS polymer in the binder. This means

that during any contract the asphalt contractor could

switch from a conventional 60/70 penetration to a SBS

modified binder at any time during construction without

affecting the production rate. This is particularly useful

on highway sections where the topography is rolling to

mountainous. By using a premium binder at identified

higher risk areas only, it was possible to cover more

Highway Sections in an efficient and effective manner.

This is fairly difficult if the mode of distress expected

is asphalt deformation. During the asphalt mix design

therefore, more than usual efforts were made at

selecting the best design. In general the designs were

done in the following manner: 

C A range of grading envelopes were evaluated with

laboratory compacted mixes. In some case the most

promising grading were further evaluated though

additional tests before the best grading was

selected. 

C The engineering properties were then checked on

samples compacted in the laboratory but obtained

from the plant.

The problem of the UTM test is that it is a

relatively extensive test and has been calibrated on few

mixes used in Iran. Figure (3), shows a picture of

Universal Testing Machine in Department of Civil

Engineering, Iran Science and Technology University.

Test 2 Evaluation of Storage Stability: Segregation of

SBS-modified asphalt during storage is a phenomenon

in which the SBS phase swelled with molten moves up

and  the  asphalting-rich asphalt phase settles down.

The storage stability was evaluated in the following

ways :[5]

Put a sample of dissolved SBS-modified asphalt in

a 300 ml tall beaker in which a sampling wire is

placed. Cover the top of the beaker with an aluminum

foil and store the sample in a 170 °C oven for 7 days.

After completing storage, allow the sample to cool

at room temperature for 24 hours, heat the periphery of

the beaker with a burner or the like and remove the

sample together with the wire. Disconnect the wire

from the sample and allow the sample to stand on its

side at room temperature (15-25°C). When segregation

occurs, the material is separated into the SBS and

asphalt phases.

The degree of segregation was evaluated by

defining as the "segregation rate" the quotient obtained

1by dividing L  (length of the portion the SBS phase

occupies) by L (depth of the binder) in the beaker.

         (1)

The segregation conditions can be classified into

three types:

C Type that causes segregation, the SBS phase has

rubber elasticity and maintains its shape in the

solid state without causing elastic deformation,

while the asphalt phase elastically deforms and

extends in the horizontal direction.

C Type that does not cause segregation, in the As-

network type, asphalt forms a continuous phase, so

the plasticity of asphalt becomes dominant.

Therefore, the material flows as a whole in the

horizontal direction, resulting in plastic deformation

(SBS concentration: 5-7%). As Figure 4. in the

SBS-network type such as the high-viscosity type,

SBS forms a continuous phase, so the material

maintains a cylindrical form as a whole and does

n o t  u n d e r g o  p la s t ic  d e fo rm a t io n  (S B S

concentration: 9-12%).

C Type that shows ambiguous segregation in either of

the networks, segregation may occur with an

indistinct boundary between SBS and asphalt

phases. In this case, the          portion cannot be

cleanly determined, so it was measured with

reference to the intermediate position between the

portions subjected and not subjected to plastic

deformation.

1L  Becomes greater with higher SBS concentration

and reaches about 100% at an SBS concentration of

12%. From this, the meaning of creating the condition

in which segregation does not occur can be considered

as follows:
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Table 1: SBS concentration levels found in practice[4 ]

SBS Polymer level Use

below 3% Bitumen dominates properties, limited modification benefit (benefits similar to SBR)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 - 8% Distinct  network  formation. Both bitumen and SBS influence properties. Usual range for modification of

seal and asphalt bitum en

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

above 8% SBS dominates properties. Typical levels for crack sealant

Table 2: M aterial Properties for SBS concentration[4] 

M aterial Type (SBS %) M arshal Test (kN) Resilient M odules

below 3% 640 6749

3 - 8% 780 8373

above 8% 684 5437

Table 3: M aterial Properties for SBS concentration 

M aterial Type (SBS %) M arshal Flow (0.1m m) Voides%

below 3% 14 4.7

3 - 8% 16 5.7

above 8% 25 6.4

Fig. 1: Leaner and branched SBS [1 ,2]

Fig. 2: SBS phase structure[1 ,2]

In the case of the As-network type, a group of

1SBS particles that form the L  portion are uniformly

dispersed into St As that forms the network. In the

case of the SBS-network, St As that corresponds to the

1L -L portion is uniformly dispersed into the SBS-

network.

Therefore, the condition in which the As-network

type does not undergo segregation is defined as 0% in

1segregation rate because it means reducing the L  

portion to zero. The condition in which the SBS-

network type does not undergo segregation is defined

as 100% in segregation rate because it means

1 1incorporating all into the L  portion L

RESULTS AND DISCUSSION 

It should be noted that the amount of shoving is

also measured with this test and is included in the

calculation to determine the maximum average resilient

modules. On the unmodified surface the shoving was

much more than with the modified surface. Typical

mix design results obtained with the unmodified (60/70

penetration bitumen) and modified (with 4 percent

Kraton) asphalt mixes are shown in Table 2. In theory,

with these engineering properties, both modified and

unmodified asphalt mixes, should be able to withhold

a reasonable amount of traffic before failure. After all,

asphalt one of the most rigidly control in the road

industry. 

It became more and more evident as the work

progressed that almost no problems were encountered

on sections that we are modified with SBS. With the

severity of loading and the amount of design variables

that can have a negative effect on the asphalt

performance, the extra cost of using modified binder is

more than justified. While the principles of building up

bearing capacity with thin asphalt overlays stay

unchanged, the strategy suggested for future design

options are listed below: 

C Designing for the current loading scenario and not

based on an assumed loading scenario according to

the contract. This means that it is accepted that the

designers shall design for overloading and high tire

pressures. 

C Use of modified binder asphalt on all climbing

lane and slow lanes becomes the norms.

C Research envisaged on areas where the risk

appears high. For instance, a recently completed

research project undertaken on dolerites from three

quarries, revealed important findings that would

help in making the asphalt mixes more durable.

C Investigations into proper solutions on how to

maintain skid resistance on highly trafficked roads.
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Fig. 3: A picture of Universal Testing Machine[4]

Fig. 4: SBS Concentration vs. Segregation Rate Results[5]
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Table 3, Summary of Material property and results

done on coarse continuously graded from samples were

prepared in the laboratory. 
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