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Abstract— Modification of bitumen is one of the alternate 

solutions to improve the deficiencies of conventional 

bitumen. Modified bitumen fulfills many requirements and 

purposes cracking rutting etc are few failures in pavement 

which is due to high intensity of traffic, over loading of 

vehicles and significant variations in daily and seasonal 

temperature of the pavement. Investigations and literature has 

revealed that modifiers can be used to improve the properties 

of conventional bitumen and bituminous mixes to make it 

more suitable for pavement construction. Poly Phospheric 

Acid (PPA) is an example of reactive modifier that can be 

used by itself or in conjugation with suitable polymer. In 

general the concentration of PPA in bitumen is in the range 

from 0.2-1.2 wt% with an optimum 1.0wt%. The Marshall 

Stability test value is found maximum of 32.05KN for 12% 

poly phosphoric acid and 5.4% bitumen content which is 

more than plain bitumen. Mixes at bitumen content of 6% for 

12% modifier and 6.5% for 0% modifier satisfies requirement 

of mix prepared with modified bitumen as per IRC: SP-53-

2010. Modification of bituminous concrete mix has resulted 

in maximum stability with less bitumen content.  
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I. INTRODUCTION 

A. General Introduction: 

Bitumen binder is a thermoplastic liquid which behaves as an 

elastic solid at low service temperatures or during rapid 

loading. At high temperatures or during slow loading, it 

behaves as a viscous liquid. This classical dichotomy creates 

a need to improve the performance of an asphalt binder to 

minimize the stress cracking that occurs at low temperatures 

and plastic deformation at high temperatures.  

Several additives are being used to increase the performance 

of asphalt binders. Polymers are most widely used additives 

in asphalt modification. 

Various types of polymers are used to change 

asphalt binders to achieve wider performance range. Many 

polymer modified asphalt binders tend to behave more as a 

polymer rather than bitumen.  

1) Modified Bitumen  

Certain additives or blend of additives called as bitumen 

modifiers can improve properties of Bitumen and bituminous 

mixes. Bitumen treated with these modifiers is known as 

modified bitumen. 

2) Composition of Bitumen Modifiers  

Modified binders have been divided into the following two 

broad compositional groups: 

1) Homogenous binders which are defined as a blend of 

polymer and bitumen where two distinct phases cannot 

be detected on a microscopic level, or, where the two 

phases are interwoven to such an extent that the material 

behaves as a single-phase material from a small, 

localized viewpoint. Examples of homogenous binders 

are EVA, SBR and SBS polymer modified binders.  

2) Non-homogenous binders are where there are two 

distinct, detectable phases and where there will be 

localized differences in properties depending at what 

stage a test is performed. Bitumen rubber falls into this 

category as it consists of rubber crumbs partially 

dissolved in a bitumen matrix.  

B. Objectives:  

The main objective of the experimental work was 

1) To identify some materials as potential bitumen 

modifiers, so as to address the world oil crisis and 

advantage of modification. 

2) To study the effect of Poly Phosphoric Acid as modifier 

in various proportions in bituminous mixes.  

3) To find out the optimum percentage of Poly Phosphoric 

Acid and binder used in the mix.  

C. Brief review on materials 

1) Bitumen 

Bitumen is a mixture of organic liquids that are highly 

viscous, black, stickly, entirely soluble in carbon disulfide, 

and composed primarily of highly condensed polycyclic 

aromatic hydrocarbons.  Naturally occurring or crude 

bitumen is a sticky, tar like form of petroleum which is so 

thick and heavy that it must be heated or diluted before it will 

flow. At room temperature, it is much like cold molasses. 

Refined bitumen is the residual fraction obtained by frictional 

distillation or crude oil. It is the heaviest fraction and the one 

wtith highest boiling point, boiling at 5250C (9770F). 

2) Desirable Properties of Bitumen 

a) Strength 

The aggregates used in top layers are subjected to (i) Stress 

action due to traffic wheel load, (ii) Wear and tear, (iii) 

crushing. For a high quality pavement, the aggregates should 

posses high resistance to crushing, and to withstand the 

stresses due to traffic wheel load. 

b) Hardness 

The aggregates used in the surface course are subjected to 

constant rubbing or abrasion due to moving traffic. The 

aggregates should be hard enough to resist the abrasive action 

caused by the movements of traffic. The abrasive action is 

severe when steel tyred vehicles moves over the aggregates 

exposed at the top surface. 

c) Toughness 

Resistance of the aggregates to impact is termed as toughness. 

Aggregates used in the pavement should be able to resist the 

effect caused by the jumping of the steel tyred wheels from 

one particle to another at different levels causes severe impact 

on the aggregates. 

d) Shape of aggregates 

Aggregates which happen to fall in a particular size range 

may have rounded, cubical, angular, flaky or elongated 

particles. It is evident that the flaky and elongated particles 
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will have less strength and durability when compared with 

cubical, angular or rounded particles of the same aggregate. 

Hence too flaky and too much elongated aggregates should 

be avoided as far as possible. 

e) Adhesion with bitumen 

The aggregates used in bituminous pavements should have 

less affinity with water when compared with bituminous 

materials, otherwise the bituminous coating on the aggregate 

will be stripped off in presence of water. 

f) Bitumen adhesion test  

Bitumen adheres well to all normal types of road aggregates 

provided they are dry and free from dust. In the absence of 

water there is practically no adhesion problem of bituminous 

construction. Adhesion problem occurs when the aggregate is 

wet and cold. This problem can be dealt with by removing 

moisture from the aggregate by drying and increasing the 

mixing temperature the principle of the test is by immersing 

aggregate fully coated with binder in water maintained 

at 400C temperature for 24 hours. IRC has specified 

maximum stripping value of aggregates should not exceed 

5%. 

g) Durability 

The property of aggregates to withstand adverse action of 

weather is called soundness. The aggregates are subjected to 

the physical and chemical action of rain and bottom water, 

impurities there-in and that of atmosphere, hence it is 

desirable that the road aggregates used in the construction 

should be sound enough to withstand the weathering action. 

3) Types of Bitumen 

a) Cutback bitumen 

Normal practice is to heat bitumen to reduce its viscosity. In 

some situations preference is given to use liquid binders such 

as cutback bitumen. In cutback bitumen suitable solvent is 

used to lower the viscosity of the bitumen. From the 

environmental point of view also cutback bitumen is 

preferred. The solvent from the bituminous material will 

evaporate and the bitumen will bind the aggregate. Cutback 

bitumen is used for cold weather bituminous road 

construction and maintenance. The distillates used for 

preparation of cutback bitumen are naphtha, kerosene, diesel 

oil, and furnace oil.  

b) Bitumen Emulsion 

Bitumen emulsion is a liquid product in which bitumen is 

suspended in a finely divided condition in an aqueous 

medium and stabilised by suitable material. Normally 

cationic type emulsions are used in India. The bitumen 

content in the emulsion is around 60% and the remaining is 

water. When the emulsion is applied on the road it breaks 

down resulting in release of water and the mix starts to set. 

The time of setting depends upon the grade of bitumen. The 

viscosity of bituminous emulsions can be measured as per IS: 

8887-1995.  

c) Bituminous primers 

In bituminous primer the distillate is absorbed by the road 

surface on which it is spread. The absorption therefore 

depends on the porosity of the surface. Bitumen primers are 

useful on the stabilized surfaces and water bound macadam 

base courses. Bituminous primers are generally prepared on 

road sites by mixing penetration bitumen with petroleum 

distillate. 

II. EXPERIMENTAL PROGRAMME 

A. General:  

The aim of the experimental program is to compare the 

properties of concrete made with and without Polyphosphoric 

acid when subjected to Marshall Test. 

B. Constituent material 

1) Bitumen 

2) Aggregate. 

C. Tests on Bitumen  

There are a number of tests to assess the properties of 

bituminous materials. The following tests are usually 

conducted to evaluate different properties of bituminous 

materials. 

1) Penetration test 

2) Ductility test 

3) Softening point test 

4) Specific gravity test 

5) Viscosity test 

6) Flash and Fire point test 

7) Float test 

8) Water content test 

9) Loss on heating test 

Tests VG 10 
IS : 73-

2006 
VG 30 

IS : 73-

2006 

Flash point, 
0C 

2200C 
Min 

2200C 
2600C 

Min 

2200C 

Fire Point, 
0C 

2500C  2900C  

Ductility 

Value 
93  cm 

Min 75 

cm 
72 cm 

Min 40 

cm 

Viscosity 

Test 

5.92 

sec 
 

7.32 

sec 
 

Penetration 

Test (1/10) 

mm 

97 80-100 69 60-70 

Specific 

Gravity 

(at 270 C) 

0.990C 
Min 

0.90C 
1.00C 

Min 

0.90C 

Softening 

Point, 0C 
45.80C 400C 47.60C 470C 

Elastic 

Recovery, % 
16  19  

Table 2.1: Experimental Results of Tests of Bitumen 

D. Aggregate Tests 

In order to decide the suitability of the aggregate for use in 

pavement construction, following tests are carried out: 

1) Crushing test 

2) Abrasion test 

3) Impact test 

4) Soundness test 

5) Shape test 

6) Specific gravity and water absorption test 

7) Bitumen adhesion test 
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PROPERTIE

S 

OBSERVATION

S 

MORTH 

SPECIFICATION

S 

OF TABLE 500-

17 

Aggregate 

crushing 

value, % 

26.61 Max 30 

Aggregate 

impact value, 

% 

20.6 Max 24 

SG and water 

absorption 

test for 

Coarse 

aggregates 

2.63 & 0.28%  

SG for fine 

aggregates 

SG for filler 

material 

2.6 

2.6 
 

Shape tests 

Flakiness 

index, % 

Elongation 

index, % 

Combined 

flakiness and 

Elongation 

index, % 

13.25 

20.24 

29.05 

Max 30 

Los Angles 

Abrasion test, 

% 

27.79 Max 30 

Table 2.2: Results on aggregates (without adding poly 

phosphoric acid) 

Stone 

aggregates 

% of 

PPA 

Aggregate 

impact 

Value, % 

Aggregate 

Crushing 

Value, % 

Without PPA 0 20.5 26.6 

With PPA 

2 20.3 26.2 

4 19.3 25.5 

6 18 24.9 

8 16.7 24 

10 15.7 22.9 

Table 2.3: Variation in properties of coarse aggregate (with 

addition of ppa) 

Stone 

aggregates 

% of 

PPA 

Aggregate 

impact 

Value, % 

Aggregate 

Crushing 

Value, % 

Without PPA 0 20.5 26.6 

With PPA 

2 20.3 26.2 

4 19.3 25.5 

6 18 24.9 

8 16.7 24 

10 15.7 22.9 

Table 2.4: Gradiation of the material of the mix 

1) Proportioning of the materials 

Siev

e 

size 

in 

mm 

% 

Passi

ng 

Mid 

Point

20 

(A) 

20 

(A

) 

12.5 

(B) 

6.3 

(C) 

Dus

t 

(D) 

((0.

3 * 

A) 

+ 

(0.1

5 * 

B) + 

(0.2

6 * 

C) + 

(0.2

9 * 

D) 

26.5 100 100 
10

0 
100 100 100 100 

19 
79-

100 
89.5 78 100 100 100 96.7 

13.2 59-79 69 12 80 100 100 76 

9.5 52-72 62 
0.

3 
40.8 100 100 

61.2

1 

4.75 35-55 45 
0.

1 
0.37 48 100 41.5 

2.36 28-44 36 
0.

1 

0.29

1 

19.2

1 
94 32.3 

1.18 20-34 27 
0.

1 
0.25 8.1 

73.1

9 

23.3

9 

0.6 15-27 21 
0.

1 
0.23 2.74 62.9 

19.0

1 

0.3 10-20 51 
0.

5 

0.28

7 
2.33 40 

12.3

9 

0.15 5-13 9 0 0.16 0.69 25 7.45 

0.07

5 
2-8 5 0 0.75 0 10 3 

E. Determination of Marshall Stability of Bituminous 

Mixure 

This test is done to determine the Marshall stability of 

bituminous mixture as per ASTM D 1559. 

1) Principle 

The principle of this study is that Marshall Stability is the 

resistance to plastic flow of cylindrical specimens of 

bituminous mixture loaded on lateral surface. 

2) Apparatus 

1) Marshall stability apparatus 

2) Water bath 

3) Weighing balance 

4) Thermometer 

3) Materials Used 

1) Bitumen from the kottarki construction,Benaknalli. 

2) Poly phosphoric acid which is commercially available to 

modify the bitumen. 

3) Cement as a filler. 

4) Aggregates from the same kottarki construction, 

Benaknalli. 

4) Procedure  

1) The amount of aggregates are weighed as per the mix 

design and kept it on the heater for heating till the 

thermometer shows a temperature of 155. 
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2) Aggregates of about 1200 gms are to be weighed 

according to the mix design. Firstly aggregates are sieved 

and put in a pan for heating. 

3) Simultaneously on the other heater the amount bitumen 

calculated by the mix design is kept for heating till the 

temperature reaches to 155.                                                                          

4) Now the required % of ppa is added to the bitumen at the 

temperature of 155 and mixed well. The mixing of the 

aggregate and bitumen is continued until we get a dark 

black colour of the material heating to a temperature of 

about 155degree.  

5) Pour the bitumen into the aggregates heated at a 

temperature 155 and mixed thoroughly at the mixing 

temperature of 135.  Materials are heated up to 

temperature 155 and then kept it for cooling to a 

temperature 135. 

6) Now this mix is filled in the oiled mould and specimens 

were prepared by compacting the specimen in the mould 

is kept for 24 hours and demoulded .Specimen is tested 

in the Marshall Stability apparatus and the stability of the 

specimen is noted down. 

7) Same procedure is repeated to until we get the optimum 

percentage of PPA used in the mix with 75 blows on each 

side of the specimen in accordance with ASTMD. 

III. RESULTS AND DISCUSSIONS 

Sl.no

. 

%.OF 

BITUME

N IN 

GMS 

% 

OF 

PP

A  

IN 

ML 

REVOLUTIO

NS 

STABILIT

Y OF 

BITUMEN 

1 64.8 0 2.5 15.17 

2 64.8 0 2.6 15.78 

3 64.8 0 2.5 15.17 

4 64.8 3 2.9 17.603 

5 64.8 3 3.2 19.42 

6 64.8 3 3.3 20.03 

7 64.8 6 4.18 25.37 

8 64.8 6 8.1 6.17 

9 64.8 6 4.17 25.37 

10 64.8 9 4.8 26.10 

11 64.8 9 4.9 29.74 

12 64.8 9 5.0 30.35 

13 64.8 12 5.10 30.95 

14 64.8 12 5.45 33.09 

15 64.8 12 5.15 32.20 

16 64.8 15 5.11 30.10 

17 64.8 15 5.10 30.12 

18 64.8 15 5.08 29.80 

19 64.8 18 5.01 28.75 

20 64.8 18 4.98 28.65 

Table 3.1: Result and Discussion 

A. Calculations 

STABALITY OF BITUMEN = NO. OF REVOLUTIONS * 

MARSHALL STABALITY CALIBRATION 

1) Stability = 2.5*6.07 

=15.17 KN 

2) Stability= 2.6*6.07 

=15.78 KN 

3) Stability= 2.5*6.07 

=15.17 KN 

4) Stability= 2.9*6.07 

=17.60 KN 

5) Stability= 5.0*6.07 

=30.35 KN 

6) Stability= 5.10*6.07 

=30.12 KN 

7) Stability= 5.08*6.07 

=30.10 KN 

8) Stability= 5.01*6.07 

=30.0 KN 

9) Stability= 4.98*6.07 

=29.98 KN 

 
Graph 1: 

IV. CONCLUSIONS 

On the basis of observation and analysis of Marshall Test 

properties using Poly Phosphoric Acid, the following 

conclusions are drawn. 

1) The Marshall Stability value is found maximum of 

32.05KN for 12% Poly Phosphoric Acid at 5.4% bitumen 

content which is more than plain bitumen. 

2) The Marshall Stability value is found decrerase of 

28.08KN for 15% Poly Phosphoric Acid at 5.4% bitumen 

content which is more than plain bitumen. 

3) As per MoRTH, Optimum Binder and modifier content 

is found to be 5% and 6% respectively.  

4) Mixes at Bitumen content of 6% for 12% modifier and 

6.5% for 0% modifier satisfy the requirements of mix 

prepared with modified bitumen as per IRC: SP-53-2010. 

5) Addition of polyphosphoric acid at 12% saves bitumen 

around 0.5% which fulfill the properties like Marshall 

Stability, flow and quotient as per IRC: SP: 53-2010. 

6) Modification of Bituminous concrete mix has resulted in 

maximum stability with less bitumen content, which 

solves the world oil crisis.  
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