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Better Roads, Better Life



The Quarterly Newsletter of   
Hindustan Colas Limited, aimed 
at strengthening exchange of      
information and sharing of expe-
riences with its customers. The  
success of this communiqué is 
largely   dependent on feedback 
andand information inflow from our 
customers and we thank them for 
their continued   support.

CUSTOMER CONNECTTESTS ON BITUMINOUS BINDERS
Petroleum Bitumen has been actively used for 
road construction for more than 100 years 
now.  The methods of testing and evaluation 
of this material have evolved over this 100 
year period.  It would not be inappropriate to 
state that these test methods are still evolving 
even today.  It all started 100 years ago with 
thethe discovery that some Bitumens were harder 
than others.  This saw the emergence of       
professional chewers who would chew          
Bitumen and classify them as hard or soft.

The specification and test methods have       
undergone a lot of changes since then.  The real 
challenge for the specification making       
agencies has been to identify the parameters 
that need to be evaluated.  These parameters 
have evolved with the continuous built-up in 
the repository of knowledge and experience in 
thisthis field.  If we look at the present day      
flexible pavement and also the present day   
Bitumen with a dispassionate view, we will 
be able to identify the broad parameters that 
need to be evaluated.  These broad parameters 
are as follows:

   1) It should be easy to handle
   2) It should not fail under varying               
atmospheric conditions, varying traffic 
volume and varying traffic speed for a 
long time
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Bitumen is a visco-elastic material and does not 
have a distinct melting point.  It gradually softens 
when heated.  At relatively lower temperatures it  
behaves more like a solid and at higher tempera-
tures it behaves more like a liquid.  In the intermedi-
ate range of temperature Bitumen exhibits the  
properties of a liquid as well as a solid.
For quite some time some additives or external 
agents are being added to alter some specific  
property or behaviour of Bitumen.  Whenever such 
additives are added it is very important that we 
clearly establish the improvement in these specific 
properties or behaviours.  Apart from that it is neces-
sary to establish the stability and compatibility of 
suchsuch modified systems. Bitumen Emulsions is the first 
example in this field.   In this case water is used to    
facilitate the handling of Bitumen at ambient       
temperatures.  Increasing traffic on the roads has 
been putting greater demands on Bitumen and the 
need to have Bitumens with superior performance 
properties has resulted in the development of     
ModifiedModified Bitumens. In Modified Bitumens we                
incorporate external additives to improve the perfor-
mance of these materials.  Since Bitumen Emulsions 
and Modified Bitumens involve addition of a foreign 
material into Bitumen it is necessary that suitable 
tests are developed to ensure compatibility and   
stability of such mixtures.

1) Penetration Test

TheThe Penetration test is an arbitrary empirical test 
which represents the hardness of the bitumen 
sample on an arbitrary scale.  A Bitumen sample 
is taken in a standard size cup and the sample is 
maintained in a water bath at 25ΟC for some 
time so that the sample is uniformly at 25ΟC.  A 
standard size needle is allowed to penetrate the 
samplesample for a standard duration of time with stan-
dard weight of 10 grams fixed on it.  The depth 
upto which the needle penetrates in 5 seconds, 
measured in 0.1mm units is called the Penetra-
tion Number of that grade.  From the point of 
view of performance properties of Bitumen    
Penetration Test is an indicator of the stiffness of 
the material.  The relative simplicity of the test 
makes it useful in classifying various grades of    
Bitumens.  It also helps in traceability of the 
sample.

2) Softening Point

The Softening Point is also an empirical test and      
denotes the temperature above which Bitumen 
would behave more like a liquid and less like a solid 
under standard conditions of heating and loading. 
TheThe Softening Point test is done in a standard Ring 
and Ball Apparatus.  The sample is taken in a        
standard mould and standard weights (in the form 
of steel balls) are placed on it.  The system is then 
heated in a water bath at a standard rate.  The   
temperature at which the Bitumen coated steel ball 
touches the bottom of the beaker is called the     
Softening Point temperature.Softening Point temperature.
Softening Point test is a very important test as it is a 
fair indicator of melting properties of Bitumen.           
Bitumens with lower softening point tend to melt on 
the road in summer and start flowing under the 
impact of temperature and traffic.  This results in      
rut formation on pavement surface.  Softening Point       
is therefore one of the more important test                
parameters.parameters.

Different types of tests done on Bituminous     
Binders are as follows:

3) Penetration Index

Penetration Index is a measure of the temperature 
susceptibility of Bitumen. Penetration Index is a        
derived property and can be arrived at by measur-
ing the Penetration at two different temperatures 
using the following formula:

Penetration Index =
Log (Pen @ T1) – Log (pen @T2)

T1 – T2
Penetration Index can also be derived from the  
Penetration and Softening Point using the following 
formula:

Penetration Index =
1952 – 500Log (pen) – 20SP1952 – 500Log (pen) – 20SP
50 Log (Pen) – SP - 120

The Penetration Index ranges from -3 for highly     
temperature susceptible Bitumens to +7 for highly 
Blown Bitumens which have very low temperature 
susceptibility.

4) Penetration Ratio

PenetrationPenetration ratio is also a measure of the tempera-
ture susceptibility of Bitumen.  Unlike Penetration 
Index, Penetration Ratio is not a derived property.  It 
is the ratio of Bitumen Penetration at 4ΟC with a 200 
gram load applied for 60 Seconds to the Penetration 
at 25ΟC with 100 grams of load applied for                       
5 seconds. This ratio is expressed in percentage and  
BitumensBitumens with a Penetration Ratio of more than 25% 
are considered suitable for paving applications. 
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5) Ductility Test

TheThe Ductility test is again an empirical test which 
measures the cohesive strength of Bitumen.  In this 
test a standard size Bitumen sample is maintained at 
a constant temperature.  The sample is pulled at a 
constant rate at constant temperature.  The length 
at which the sample breaks is called the ductility of 
the sample.  One unique feature of ductility test is 
thatthat the test temperature at times varies from    
country to country and also from grade to grade.  
The test temperature is largely dependent on the   
climatic conditions prevailing in the country.  The 
testing temperature varies from 5ΟC to 27ΟC             
depending upon the local climatic conditions.  
Ductility test is an indicator of the fatigue strength of 
Bitumen.  However some of the countries have  
completely discarded this test as the relationship  
between the fatigue strength and ductility is too 
vague.  Moreover tests on Thin Film Oven Test          
residues are a much better indicator of the fatigue 
resistant properties.

6) Force Ductility Test

ForceForce Ductility Test is very similar to the Ductility Test.  
The force required to stretch the sample is measured 
during the test and a graph of Force vs Distance 
(Strain) is plotted.  The area below the Force-
Distance curve is calculated and this is Cohesive 
Energy or Deformation Energy.

7) Elastic Recovery Test

TheThe Elastic Recovery Test is somewhat similar to the 
Ductility Test and is done on the same ductilometer, 
but with different moulds. In this test the sample is 
elongated at a standard rate till the length of 10 cm 
is reached. The sample is then cut into two pieces 
and is allowed to regain its shape.  The percentage 
of the original length regained is calculated and is 
called the Elastic Recovery value of the specimen.  called the Elastic Recovery value of the specimen.  

8) Vialit Pendulum Test

TheThe Vialit Pendulum Test is used to 
evaluate the Cohesive Strength of 
the binder.  In this test a thin film of 
Bitumen is placed between two 
steel cubes and the energy            
required to remove the upper 
block is measured. In this test the 
crackcrack appears in the Bitumen film 
and not at the Steel-Bitumen          
interface.

9) Fraass Breaking Point

TheThe Fraass breaking point test measure the low    
temperature properties of Bitumen. In this test a steel 
plate is coated with Bitumen and is flexed and         
released.  The temperature is reduced at a constant 
rate and the temperature at which the sample 
cracks is called the Fraass Breaking Point tempera-
ture.  This test indicates the ability of Bitumen to resist 
failurefailure at very low temperature.  This mode of failure 
is likely only at places where the temperatures are 
likely to go below 0OC and therefore it is tested only 
at cold places.

10) Viscosity

ViscosityViscosity at 135ΟC is a fair indicator of the ability of  
Bitumen to coat the aggregates properly.  In order 
to get best coating the viscosity has to be optimum.  
Too viscous Bitumen would result in inadequate and 
non-uniform coating of the aggregates.  Very low 
viscosity would again result in inadequate coating 
as the Bitumen will tend to bleed.  Therefore Viscosity 
atat 135ΟC seems to be a fair indicator of the quality of 
bond that is likely to be formed with the aggregate.  
Various testing equipments like Capillary Viscom-
eter, Cup Viscometer, Tar Viscometer,  Rotational 
Viscometer, etc. can be used for testing the             
viscosity.
Viscosity at 60ΟC is a very good indicator of the        
resistance of Bitumen to melting/flowing on the road 
and consequent rutting of the pavement surface.  It 
is considered to be replacement test for Softening 
Point test.  Some specifications have replaced     
Softening Point test with Viscosity at 60ΟC.  However, 
at many places both the tests are carried out as 
bothboth the tests are empirical and have their own     
limitations.
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11) Wax Content

PresencePresence of wax tends to make the Bitumen more 
temperature susceptible and is therefore not          
desirable.  Wax Content is tested by using a complex 
method of distillation, filtration, solvation and crystal-
lization.  The test is not mandatory at most of the 
places as it is complex and time consuming test.   
Further it is generally observed that Bitumens with 
highhigh wax will tend to fail in softening point, viscosity 
or in the TFOT tests also as presence of wax directly 
impacts these parameters.

12) Matter Soluble in Organic Solvents

ThisThis test measures the presence of inorganic             
impurities in Bitumen.  Solvents like Trichloroethylene, 
Carbon Disulphide, Carbon Tetrachloride, Toluene, 
etc. are used for this purpose. In this test Bitumen is 
dissolved in the Solvent (Trichloroethylene, Carbon 
Disulphide, Carbon  Tetrachloride or Toluene) and 
the material insoluble in the solvent is filtered out.  It is 
thenthen repeatedly washed with the solvent to remove 
all soluble matter.  The insoluble matter that is finally 
left behind is weighed and the percentage             
calculated.  The choice of solvent has been a 
matter of debate and discussion in the scientific 
community.  Some of these solvents are considered 
to be toxic and hazardous. The laboratories and test 
methodmethod specification making bodies prefer not to 
use these toxic solvents and have switched over to 
less toxic or non-toxic solvents.

during the process of mixing and laying.  In 
this test a sample of Bitumen is taken and 
kept in an oven at 163ΟC for 5 hours.  The 
ageing of Bitumen in the oven is estimated 
to be equivalent to the ageing suffered by              
Bitumen during mixing and laying.  The TFOT 
aged Bitumen is tested for Penetration,  
SofteningSoftening Point, Viscosity, Ductility, Loss of 
Mass, etc. and is represented in absolute 
terms or as a percentage of the original 
(unaged sample) values.  By this method 
we can measure the effect of process of 
ageing on Bitumen.

13) Thin Film Oven Test

ItIt is a very well known fact that Bitumen undergoes 
a process of ageing during mixing and laying and 
also during the service life of the pavement.     
However, it is found that the ageing is maximum 
during the mixing and laying process. The Thin Film 
Oven Test (TFOT)  simulates the  ageing of Bitumen

14) Rolling Thin Film Oven Test

TheThe Rolling Thin Film Oven Test is very similar to the 
Thin Film Oven Test.  However the ageing is faster in 
this test and the sample is treated only for 85 minutes 
instead of 5 hours. In this test Bitumen is filled in glass 
jars and is fitted in custom made shelf inside the 
oven.  The shelf is rotated and hot air is injected into 
the jars every 3 to 4 seconds. The Bitumen oxidized 
byby this method is considered to be similar to the      
oxidized Bitumen on the pavement after two years in 
service.

15) Pressure Ageing Vessel Test

The RTFOT produces Bitumen which is as 
aged as Bitumen in a two year old road.  
However the Bitumen on the road       
continues to age and tests need to be 
developed this ageing also.  The Pressure 
Ageing Vessel (PAV) is used to age the 
sample further.  RTFOT + PAV aged 
samplesample is considered to be equivalent to 
Bitumen in a 7 year old road. A Bitumen 
sample of 50 grams in a container of 140 
mm Diameter with approximate film 
thickness of 3.2mm is kept in the PAV 
pressurized with air to 2.07 MPa for 20 
hours at temperatures ranging from        
9090ΟC to 110ΟC. 
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Transverse cracks always appear perpen-
dicular to the centre line of the pavement.  
Low temperature cracking is a very 
common type of transverse cracking and it 
is more visible in regions which experience 
sub-zero temperatures. It can also be be-
cause of reflection from existing cracks in 
the lower layers of the pavement.

16) Complex Modulus (G/Sinδ)

TheThe Complex modulus of Bitumen is an indicator of 

the ability of the material to resist deformation at 

high temperature and prevent subsequent rutting.  

The test is carried out separately on unaged sample 

and on RTFOT aged sample in the Dynamic Shear 

Rheometer.  The Bitumen sample is placed between 

two plates and the upper plate is oscillated.  The 

torquetorque required for oscillation is directly converted 

into complex modulus digitally.  The testing is done 

at the maximum pavement temperature and not at 

a standard temperature as in case of 

Penetration/Viscosity tests.  A Complex Modulus 

(G/Sinδ) of minimum 1 kPa, @ 10 rad/s for unaged   
Bitumen and 2.2 kPa, @ 10 rad/s for RTFOT aged 

binder is considered to be suitable in resisting rutting.binder is considered to be suitable in resisting rutting.

17) Fatigues Strength (G*Sinδ)

TheThe Complex Modulus Test and Fatigue Strength 

Test were developed as a part of the Strategic 

Highway Research Program of USA.  These tests are 

now an integral part of the Performance grade 

specifications.  The fatigue properties are also  

measured in the Dynamic Shear Rheometer. The 

sample is tested at temperature equal to average 

ofof maximum and minimum temperature of the 

grade +4ΟC.  Samples that exhibit a Fatigue 

Strength (G*Sinδ) of maximum 5000 kPa, @ 10 rad/s 

for RTFOT + PAV aged Bitumen are found to             

resistant to fatigue failure.

18) Zero Shear Viscosity

Zero Shear Viscosity is also referred to as the first 

Newtonian Viscosity and is considered to be a    

suitable indicator of the rutting resistance of            

Bitumen.  At very low shear rates, Bitumen deforms 

so slowly that it can continuously adapt to the 

change and maintain a state of equilibrium without 

undergoing any structural change despite the total 

shearshear may be large. The Zero Shear Viscosity is 

measured using the Dynamic Shear Rheometer.  

Zero Shear Viscosity is helpful in evaluating the rut 

resistance properties of all types of Bituminous  

Binders including  Modified Binders.

20) Logarithmic Creep Rate (m-value)

The Logarithmic Creep Rate is also determined using 

the Bending Beam Rheometer. A graph is plotted 

with the Log (Time) on X- axis and Log (Creep        

Stiffness) on the Y-axis. The slope of the tangent to 

this curve at Time = 60 seconds is the m-value.

21) Direct Tensile Test

ThisThis test is used to evaluate the low temperature 

properties of Modified Bitumens. The Direct Tensile 

Test is used to measure the strain at failure and stress 

at failure in a binder specimen pulled at a constant 

rate of elongation. As in the case of Creep Stiffness 

test, the testing is done on RTFOT + PAV aged sample.

22) Curing Index

ThisThis test is used to evaluate the Curing 

properties of Cutbacks. A standard 

mix of Cutback and aggregate is 

placed in a revolving oven shelf and 

held at 60ΟC till the Curing Point is 

reached. The sample is weighed at 

constant time intervals and the 

volume loss is plotted on a graph.volume loss is plotted on a graph.

19) Creep Stiffness

CreepCreep Stiffness is a parameter which is a good          

indicator of the low temperature properties and is 

measured using the Bending Beam Rheometer. The 

testing is done on RTFOT + PAV aged sample. As 

achieving extremely low temperatures in the labora-

tory can be a difficult task, the testing is done at  

minimum temperature +10ΟC. The sample in the form 

ofof a beam is taken in the Bending Beam Rheometer 

and is tested for deflection under constant load.  

These deflection values are directly translated with 

the help of a transducer into the Creep Stiffness 

value. 
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You may send your feedback and contributions to us at: 
customerconnect@hincol.com

23) Breaking Point

TheThe Breaking Point test is conducted on Bitumen 

Emulsions.  A sample of Emulsion and Fines is taken 

and is maintained at 25ΟC. 100 grams of Emulsion is 

taken in a dish and 500 grams of Fines is taken in a 

standard cone. The Fines are allowed to drop into 

the Emulsion dish at a steady rate. The contents of 

the dish are continuously mixed at steady rate of       

1 1 turn per second. The flow of the Fines is stopped 

the moment the first single isolated clot is formed.  

The weight of the Fines divided by the weight of the 

Emulsion in percentage is the Breaking Point.

24) Storage Stability

TheThe Storage Stability test is also conducted on           

Bitumen Emulsions.  As the name suggests it is an indi-

cator of the stability of the Emulsion.  In this test the 

Emulsion sample is kept for 24 hours, undisturbed in a 

vertical cylinder of 500ml capacity at 20ΟC to 30ΟC. 

After this period top 50 grams of the material is           

siphoned off and the contents are mixed. Now       

discarddiscard the balance 400 grams sample & siphon off 

the bottom 50 grams sample in a beaker. Both the 

sample is then placed in an oven at 163ΟC for              

3 hours.  During the test the sample is taken out after 

2 hours, is stirred and placed again in the oven.  The 

storage stability is the difference in the average   

percentage of residue found in the top two samples 

and bottom two samples.and bottom two samples.

25)  Coagulation Test

ThisThis test is conducted on Bitumen Emulsions and is for 

evaluating the stability of Emulsions at low tempera-

tures. The Emulsion sample is sieved through a         

600 micron IS sieve and is kept in a water bath at 

30ΟC.  Once the temperature of the Emulsion is    

constant the sample is taken and kept in a low    

temperature bath to bring down the temperature of 

EmulsionEmulsion to 0ΟC.  Once the temperature is constant 

the sample is transferred to a freezing system and is 

maintained at -3 to -4ΟC for 30 minutes. Subsequent-

ly, the sample is removed and is allowed to attain 

room temperature spontaneously. The sample is 

now passed through the sieve again and the coagu-

lated Bitumen, if any, will be retained on the sieve.

26) Separation Tests

VariousVarious types of separation tests are used for    

evaluating the storage stability of the Modified     

Bitumen.  In all the tests the sample is taken in a 

flexible Aluminium tube and kept in vertical          

position in the oven for 24 hours in an Oven at 

163ΟC. It is then taken out and immediately placed 

in a freezer for 4 hours at -6.7ΟC The tube is then cut 

intointo three pieces and the top and bottom sample 

is taken and tested for parameters like Penetration, 

Softening Point, Viscosity, etc. and the difference 

in the values of these results for the top and bottom 

sample are taken as the separation values for the 

corresponding test.

Apart from the above tests there are many other 

tests which are in vogue at various places. Tests like 

Fracture Toughness Test, Repeated Creep Test,      

Rotating Flask Test, Rotating Cylinder Ageing Test, 

Fracture Toughness Test have also been in done at 

different places at different times.

AllAll the tests that have been discussed above are the 

tests that are done on the binder.  There is a huge   

repository of test that can be done on Bituminous 

Mixes also.  Tests on Bituminous Mixes are also very 

important as it helps us evaluate the performance of 

the pavement in a more scientific manner. 

InIn the end we can conclude by stating that the tests 

on Bituminous Binders and Bituminous Mixes are all 

designed to evaluate the simulated field conditions 

in the laboratory in a scientific manner
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