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Abstract: Now-a-days a lot of modifications are taking place throughout the world to develop the existing highway materials to fulfill 
the demand of increased vehicles. People are at trend to innovate something new that can do better than it was. Some materials produce 
good effect and enhance the strength as well as qualities of bitumen. On the other hand, some materials are responsible for adverse 
effect on the bitumen. In saline areas like coastal regions, the salts play a significant role on the bituminous pavements. Sea water nearly 
contains 3% sodium chloride and evaporation of intake bodies of water has produced large and extensive deposits of it. We can be 
economically benefited if salt is used as an admixture to bitumen. But we do not even know the impact, good or bad of the mixing of salt 
with bitumen. The main objective of this paper to find out whether it is desirable or not taking various proportion salt with bitumen and 
doing specified test of bitumen. It is observed from the laboratory test that the penetration and ductility values are gradually increased 
with increased of salt content. The flash point, fire point and softening point value are stepwise reduced as percentage of salt content 
increased. Moreover it reduces the stability of roads. Mixing of salt to bitumen upgrades workability and it is beneficial in the 
economical point of view. Finally moisture effect test on the bituminous mix with the inclusion of salts show the degradation of 
strength due to moisture movement. 
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1. Introduction 

Bituminous mixes are most commonly used all over 

the world in pavement construction. Under normal 

circumstances, conventional bituminous materials if 

designed and executed properly perform quite 

satisfactory. But for special applications like 

roundabouts or where the traffic is extremely heavy, 

stiffer mixes are required which can have large fatigue 

life and more resistance permanent deformation. Most 

publications ascribe moisture damage to variables like 

bitumen properties, aggregate characteristics, hot mix 

processing, bituminous mixture characteristics, quality 

control during construction, nature of water at the 

interface, dynamic effect of traffic loading, type and 

properties of anti stripping additives, and others. The 

great diversity of variables and differences in earlier 

research results reported make prediction of moisture 

sensitivity difficult. Most mechanistic design methods 

for bituminous pavements mainly base on fatigue and 
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rutting as the primary design criteria. However, 

SHRP’s mechanistic/analytical approach to pavement 

design proposed the need to consider resistance to 

moisture damage as a key factor in selection and 

proportioning of binders and aggregates [1-3]. 

In coastal area, pavement often comes across with 

saline water. In this area, the salts particularly sodium 

chloride plays an important role in the stability as well 

as durability of roads. In this situation, the effect of 

salts on properties of bitumen is important for proper 

design and maintenance of the pavements. The present 

status of literature, indicates that a little work has been 

conducted to determine the behavioral changes in the 

bituminous pavements in the present of salts. In this 

paper, an attempt has been undertaken to study the 

effect of salts on varies properties of bitumen. 

2. Objective of Study 

In recent years, a significant achievement has been 

made in different fields of engineering. Also various 

causes have been effectively determined to take 

appropriate measures against the determination and 

D 
DAVID  PUBLISHING



Effect of Sodium Chloride on Properties of Bitumen 

  

86

detrimental effect. In general, the presence alkalis and 

salts produce harmful effect on the behavioral aspects 

of binding materials. In this study, an attempt has  

been made to quantify the adverse effects in term of 

some specific standard tests. The objectives of this 

study are: 

 To find the effect of salts on the properties of 

bitumen; 

 To determine the variation of strength with the 

inclusion of salts; 

 To observe the effect of water on the strength of 

bituminous mixes with inclusion of salts in bitumen; 

 To carefully examine the use of salts in the 

bitumen in terms of various properties such as 

penetration, solubility, ductility etc. 

3. Tested on Bitumen 

To determine its behavior and its suitability a variety 

of tests have been specified by institutions like ASTM, 

I.S.I, Asphalt Institute, and B.S.I. The various tests of 

bitumen are as follows: 

(1) Penetration Test 

Penetration value test on bitumen is a measure of 

hardness or consistency of bituminous material. 

Penetration value is the vertical distance traversed or 

penetrated by the point of a standard needle into the 

bituminous material under specific conditions of load, 

time and temperature. This distance is measured in one 

tenth of a millimeter. 

(2) Softening Point Test 

The softening point of bitumen or tar is the 

temperature at which the substance attains particular 

degree of softening. As per IS: 334-1982, ASTM 

E28-67 or ASTM D36 or ASTM D6493-11, it is the 

temperature in ºC at which a standard ball passes 

through a sample of bitumen in a mould and falls 

through a height of 2.5 cm, when heated under water or 

glycerin at specified conditions of test. 

(3) Flash and Fire Point Test 

Flash and Fire point test is conducted on bitumen to 

know the safe mixing and application temperature 

values of particular bitumen grade. 

The flash point of a material is the lowest 

temperature in which vapor of substance quickly 

catches fire in the form of flash under definite 

conditions of the test. So, at this point fire will not last 

longer, just a flash will appear for a fraction of second. 

The fire point of a material is the lowest temperature 

at which material catches fire and burns under definite 

conditions of test. The presence of combustible 

materials in a bituminous material can be indicated by 

the fire point. 

(4) Ductility Test 

The flexible pavement construction where the 

bitumen binders are used, is of significant importance 

that binders from ductile thin film around the 

aggregates. This serves as a satisfactory binder in 

improving physical interlocking of the aggregates. The 

binder material which does not possess sufficient 

ductility would crack and thus provide previous 

pavement surface. It has been started by some agencies 

that the penetration and ductility properties go together, 

but depending upon the chemical composition and the 

type of crude source of the bitumen, sometimes it has 

been observed that the above statement is incorrect. It 

may hence be mentioned that the bitumen may satisfy 

the penetration value, but may fail to satisfy the 

ductility requirements. Bitumen paving engineer 

would however want that both test requirements be 

satisfied in field jobs. Penetration or ductility can not 

in any case replace each other. The ductility is 

expressed as the distance in centimeters to which a 

standard briquette of bitumen can be stretched before 

the thread cracks. The test is conducted at 27 ± 0.5 °C 

and a rate of pull of 50 ± 2.5 mm per minute. The test 

has been standardized by the ISI. 

(5) Specific Gravity Test 

The density of a bituminous binder is a fundamental 

property frequently used as an aid in classifying the 

binders used in paving jobs. In most applications, the  
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5. Results and Discussions 

5.1 Effect of Salt on Properties of Bitumen  

 

 
(a)                                              (b) 

Fig. 6  (a) variation of penetration value and (b) specific gravity with respect to salt content. 

 

 
(c)                                              (d) 

Fig. 7  (c) variation of ductility and (d) softening value with respect to salt content. 

 

 
(e)                                              (f) 

Fig. 8  (e) variation of flash point value and (f) fire point value with respect to salt content.  
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(g) 

Fig. 9  (g) variation of solubility with respect to salt content.  
 

6. Conclusion 

Sodium chloride has played a crucial role in 

improvement of the different properties of the bitumen. 

But sometimes it has adverse effects as reducing the 

strength of the bituminous mixes. From the test results, 

we conclude that the stability value of the bituminous 

mixes decreases gradually with increase in salt content 

in bitumen. On the basis of the test results and 

subsequent discussions, it was concluded that the 

penetration value and specific gravity increases and 

softening point, flush & fire point, solubility and 

ductility of bitumen decreases with increasing salt in 

pure bitumen which indicated that the adhesion and 

cohesion properties of bitumen were reduced with 

increasing the percentage of salt in bitumen .From the 

Marshall test regarding the consideration, the salt 

tolerable limit varying from 0% to 5%. 
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Fig. 12  Variation of stability value with respect to bitumen content.  

 
 

 
Fig. 13  Variation of flow value with respect to bitumen content percentage.  
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Fig. 14  Variation of percentage of total mix (Vv) with respect to bitumen content percentage. 

 

 
Fig. 15  Variation of percentage void of mineral aggregate with respect to bitumen content. 
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