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Hello everyone, welcome back. If you remember, in the last class, we have started our discussion on the 
Physical Proper�es of Bitumen. We have discussed various physical proper�es under the consistency tests, 
such as penetra�on of bitumen, so�ening point of bitumen, duc�lity of bitumen, and we started also our 
discussion on the viscosity proper�es of bitumen.  

 

And before ending, we discussed that under the viscosity test, how the absolute viscosity of the bitumen 
can be determined in the laboratory using a cannon manning viscometer or a capillary viscometer. Let us 
con�nue our discussion from where we ended in the last presenta�on.  
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In addi�on to the absolute viscosity of the bitumen, which can be determined using a capillary viscometer 
we can also assess the kinema�c viscosity of bitumen especially at higher temperatures. So, this 
temperature of interest is 135 degrees Celsius. Again, the basic ques�on which we have to answer is that 
y 135 degrees Celsius is used to determine kinema�c viscosity of the bitumen. So, if you remember that, 
when we talk about bitumen, we have to see how the bitumen undergoes various temperature ranges 
from the produc�on to the in service life.  

 



During the produc�on period bitumen is exposed to very high temperature at this par�cular period or at 
the mixing plant, we have to ensure that the bitumen is fluid enough so, that it can be pumped and it can 
be mixed with the aggregate par�cles at such high temperatures even higher than 135 more than 150 
degrees Celsius. The bitumen is also mixed with the heated mineral aggregates, where we have to ensure 
that sufficient coa�ng of the bitumen takes place to ensure proper workability and homogeneity in the 
mix.  

 

Later, when this par�cular mixture which is prepared at elevated temperatures of greater than 150 degrees 
Celsius is taken to the site where it is laid and compacted again at a higher temperatures which is typically 
more than 100 degrees Celsius. And at this temperature we again have to ensure that the bitumen has 
sufficient workability characteris�cs such that it can be compacted to the required density in the field.  

 

So, talking about the viscosity test, at 135 degrees Celsius this can be performed using again a capillary 
viscometer typically at this temperature the bitumen is fluid enough so, that it can flow under gravity, 
which means, the requirement of applying pressure separately which we did in case of determina�on of 
viscosity at 60 degrees Celsius is not required the process of filling the tube the cannon manning tube or 
the U-tube remains the same here.  

 

So, which means we have to fill it from the larger side opening and we have to fill it up to the filling mark 
then we apply a slight vacuum this slight vacuum is required just to start the gravita�onal flow. Now, if we 
are tes�ng bitumen have different consistency having different viscosity having different density under the 
gravita�onal flow depending on the property or the viscosity of the bitumen, the �me to cross this �ming 
marks will be different. And here also the �me is noted and this �me is mul�plied by the calibra�on factor 
of the U-Tube viscometer to calculate the viscosity of the bitumen.  

 

Now, since here we are using the gravita�onal characteris�cs of the bitumen, we are actually measuring 
the kinema�c viscosity in units of cen�stokes. Typically, if we are interested to find the absolute viscosity 
of the bitumen, then this kind of metric viscosity can be mul�plied with the density of the bitumen to 
calculate the absolute viscosity.  
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This picture which you see on the screen is a typical picture of a U-Tube which is used during the 
determina�on of the absolute and kinema�c viscosity of the bitumen in the laboratory. 
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Moving on, there are other methods also which are available to determine the viscosity of the bitumen at 
elevated temperatures. Now, the capillary viscometer they have some difficulty when we do a test on 
modified bitumen or crumb rubber modified bitumen. Because of the s�ffness of the mix, there are 
chances that the flow inside the tube will not be proper, the tube may also get choked, some�mes giving 
us erroneous results. In such a case, if we are interested to assess the viscosity of the bitumen at 
temperatures greater than 100 degrees Celsius, we can use a Rota�onal Viscometer.  



 

Now, in the Superpave mix design process, which we will be discussing later in our presenta�ons, we will 
see that one of the requirement under the binder tes�ng category is to ensure that the viscosity of the 
bitumen at 135 degrees Celsius is less than 3 Pascal second and this is required to ensure proper pumping 
and mixing characteris�cs in the bitumen.  

 

Now, here a Rota�onal Viscometer is used, if you try to understand the working mechanism of a Rota�onal 
Viscometer it is simple, we have a mold which is filled with bitumen which you can see here and then we 
have a spindle which we insert inside this mold filled with bitumen and once the temperature at which we 
are interested to find out the viscosity is arrived, we will rotate the spindle inside the bitumen sample at 
a fixed rate of rota�on or at a fixed shear rate or rota�ons per minute.  

 

So, in the standard process which we use to determine the viscosity of the bitumen using a Rota�onal 
Viscometer a rota�onal speed of 20 rpm is typically applied. And here we can use several spindles to 
determine the viscosity of the bitumen, typically the spindle number 21 and 27 they are popularly used 
however, the choice of the spindle is a func�on of the required torque or the minimum torque which is 
required we have to ensure that during the tes�ng at least greater than 10% torque is applied. So, as to 
calculate the viscosity of the bitumen.  

 

So, here what we are basically doing we are trying to measure the torque which is required to rotate the 
spindle inside the bitumen sample at a fixed shear rate. Now, try to understand it in this way that 
depending on the viscosity of the bitumen, the torque required to rotate the spindle at a fixed shear rate 
will be different for different types of bitumen. So, this torque indirectly represents the resistance which 
is offered by the bitumen sample to rotate the spindle inside the mold and this torque is used to calculate 
the viscosity of the bitumen. 
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So, the actual calcula�on of the viscosity is applies some mathema�cal func�ons some calcula�ons to be 
done. So, let us try to understand how the calcula�on is actually performed to assess the viscosity of the 
bitumen using the value of torque and the value of shear rate which we apply.  

 

So, try to imagine in this way that we have a mold or we have a cylinder which is filled with bitumen and 
we have a spindle here say that the length of the spindle is l say the radius is rs and this radius or the inner 
radius of the cylinder is rc and we are applying a rota�onal speed of ω here. So, using these variables, we 
can calculate the viscosity at any radial distance from the center of the spindle. So, at any radial distance 
x, if you are interested to find out the viscosity of the bitumen, so, viscosity is basically defined as stress 
by shear rate. So, this is the basic defini�on.  

 

Here, the shear rate which is applied can be calculated as 𝑦̇𝑦 = 2𝜔𝜔𝑟𝑟𝑐𝑐2𝑟𝑟𝑠𝑠2

𝑥𝑥2×(𝑟𝑟𝑐𝑐2−𝑟𝑟𝑠𝑠2)
. So, x is the distance from the 

center of the spindle at which we are trying to find out the 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × (𝑟𝑟𝑐𝑐2 − 𝑟𝑟𝑠𝑠2). So, this shear it can be 
derived and stress, so, we have torque, torque is 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 × 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑. So, distance will be rs here and force 
can be writen as 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 stress or sigma into the area, which will be equal to 𝜎𝜎𝜎𝜎𝑟𝑟𝑠𝑠 × 𝑙𝑙 × 𝑟𝑟𝑠𝑠.  

 

So, here 𝜎𝜎 = 𝑇𝑇
2𝜋𝜋𝑟𝑟𝑠𝑠2𝑙𝑙

. So, you see here that the shear rate is a func�on of the rota�onal speed which we are 

applying which is fixed the value of rc. So, for a given setup which we have the value of rc will be fixed rs. 
So, this is the radius of the spindle which we are using. So, depending on the type of spindle, the radius rs 
is also fixed x is any distance we are interested to assess the viscosity.  

 



So, if you are trying to assess the viscosity at the edge of the spindle, so, the value of x will also be equal 
to the value of rs and these are again constant torques, coming to the stress which you see here, it is a 
func�on of torque. So, talk the instrument is measuring it is an indirect representa�on of the power which 
is actually required to rotate the spindle rs is the radius of the spindle which is fixed and l is the length of 
the spindle which is again fixed.  

 

So, basically if we know the torque and if we know the rota�onal speed and if we have the geometrical 
atributes or geometrical parameters of the instrument, we can actually calculate the viscosity. So, this 
viscosity can be thus assessed using the readings of the Rota�onal Viscometer. Now, how the spindle looks 
like and how the mold inside which we put this bitumen looks like. So, this is a mold which is typically used 
in a Rota�onal Viscometer.  

 

So, you can see here we can fill the bitumen sample which is required and then we have the spindle which 
will be dipped inside this mold. So, the spindle has a holder or a pin which can be used to hold the spindle 
and then we have an atachment which goes inside the viscometer or inside the viscometer motor which 
is the main part and this goes inside the thermocell at which we will maintain the constant temperature 
or the temperature which at which we desire to measure the viscosity and the spindle is put and it is 
rotated inside it is rotated at the given shear rate and depending on the torque which is required to rotate 
the spindle as we discussed, the viscosity can be calculated. 
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So, these are some typical pictures of Rota�onal Viscometer in the laboratory. So, you can see here we 
have a Brookfield Viscometer which is a type of Rota�onal Viscometer. Here we have a thermo cell at 
which the temperature is maintained. We have the pin and spindle arrangement here. And then we have 
a display which tells you that what is the shear rate we have applied what is the corresponding viscosity 



and what is the percentage torque which is achieved with the given spindle we have used to determine 
the viscosity.  

 

The use of Rota�onal Viscometer is not only to determine the viscosity at a temperature of 135 degrees 
Celsius, Rota�onal Viscometers are also used to determine the mixing and compac�on temperature of the 
bituminous mixture or the hot mix asphalt at such a higher temperatures typically 100 degrees Celsius, we 
assume that bitumen behaves mostly as a Newtonian fluid and therefore, the stress is independent of the 
shear rate.  

 

So, therefore, the viscosity of the bitumen can be taken as an indirect representa�on of the workability 
characteris�c of the mix. Now, this is our assump�on that we are defining the workability atributes are 
the characteris�cs of the bituminous mixtures as a func�on of the viscosity of the bitumen. So, higher is 
the viscosity of the bitumen, more s�ff is the mix less will be the workability if the bitumen viscosity is low 
enough, we are able to properly import the bitumen par�cles with the aggregates with much ease which 
means we have beter workability  

 

So, studies have shown that temperatures at which bitumen atains some specific viscosity that par�cular 
temperature can be considered as the mixing temperature. Also, there are some other criteria related to 
the viscosity, which is required at the compac�on temperature. 
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So, here what we have to do in the Rota�onal Viscometer in addi�on to doing the test at 135 degrees 
Celsius, we do the test at one addi�onal temperature let us say 160 or 165 degrees Celsius, and then we 
plot the rela�onship between viscosity and temperature.  



 

So, if we plot it in a semi log graph where the y axis is log of viscosity and x axis is in the arithme�c scale 
the temperature you will see and we are doing the test at two different temperatures and we join this 
point using a straight line and then we will find out that what is that par�cular temperature range at which 
the viscosity is in the range of 0.17 ± 0.02 Pascal's second and the temperature corresponding to this 
viscosity range is considered as the mixing temperature of the bituminous mixture.  

 

Similarly, we will see that what is that temperature range at which the viscosity of the bitumen is 0.28 ± 
0.03 Pascal seconds and the temperature at which the bitumen atains this range of viscosity is termed or 
is denoted as the complexion temperature of the bituminous mixture. Now, though this is a typical method 
or typical standard which is used, this par�cular method may not actually work for many types or different 
types of bitumen.  

 

So, this method is more suitable if the bitumen is a normal viscosity graded bitumen or an unmodified 
bitumen. So, researchers have shown that for modified bitumen for crumb rubber modified bitumen and 
also for bitumen with addi�ves such as warm mix addi�ves, this par�cular method which is called as the 
equi viscous method fails to give appropriate ranges of mixing and compac�on temperature. In case of 
modified bitumen even at such high temperatures, they may not be purely Newtonian in nature.  

 

So, their behavior can be dependent on the shear rate and because of this property, this non Newtonian 
property, the equi viscous method may not give a true replica�on of the workability characteris�cs, which 
is achieved in the mixing plant in case of warm mix binders or warm mix addi�ves, some of the warm mix 
technology then do not necessarily reduce the viscosity of the bitumen.  

 

Now, talking about warm mix technology just to give you an idea, why omics technologies refer to those 
technologies, where we atain at least 10 to 40 degrees’ Celsius reduc�on in the mixing and compac�on 
temperatures of the bitumen. So, there are certain addi�ves which are available, which we can mix either 
with the bitumen or directly in the mixture and this will improve the workability characteris�cs of the mix 
such that the temperature requirements for mixing and compac�on goes down.  

 

Now, some of these technologies works on the principle of reducing the fric�onal forces between the 
bitumen and the aggregates. So, as to achieve beter workability but, in this par�cular test method, which 
we have discussed, we are trying to relate only the viscosity with the workability and therefore, this 
method fails for such type of addi�ves or such type of modified binders.  

 



So, this again is applicable mostly for the unmodified bitumen. So, under the viscosity test, we have 
discussed about various methods which can be used for example, there are capillary viscometer based 
methods, there are rota�onal viscosity based methods. 
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So, if we see the importance of the viscosity test and try to relate it with the performance here, the 
viscosity at 60 degrees Celsius the absolute viscosity of the bitumen has been correlated in various 
literatures with the resistance to ru�ng. And here the logic is that ru�ng resistance can be improved by 
improving the s�ffness of the mix. So, in the mix, we have mineral aggregate par�cles and we have bitumen 
and this bitumen helps in keeping the aggregate par�cles together in a dense mass and bitumen being 
viscoelas�c in nature, it becomes so� at higher temperatures.  

 

So, if at the in-service temperature at the maximum in-service temperature at any given loca�on, if the 
bitumen becomes too much so�, the cohesion which is imparts will break down and permanent 
deforma�on can occur. Therefore, higher is the viscosity of the bitumen, typically at the average maximum 
temperature, more resistance it will offer to permanent deforma�ons. So, at loca�ons where we have high 
pavement temperature using a bitumen with higher viscosity is more desirable.  

 

However, if the viscosity of the bitumen is high at lower temperatures, this may cause a nega�ve effect it 
can lead to non-load associated transfer shrinkage cracks or temperature related cracks. Another 
parameter which can be calculated using the viscosity of the bitumen is its aging index. And aging index is 
a parameter which is used to assess the aging success, stability of the mix, about aging, we will start our 
discussion in the next class.  

 



So, this is just to inform you that the viscosity which we are measuring can be also used to assess or to 
determine the aging suscep�bility. Here the viscosity of the bitumen in an aged condi�on is first measured, 
then the bitumen is subjected to aging condi�on and a�er aging again we determine the viscosity of the 
bitumen and the ra�o of the viscosity in aged condi�on to the unaged condi�on is denoted as the aging 
index and the aging index or the aging suscep�bility is also an indica�on of the occurrence of early cracks 
in the pavement.  

 

So, we want our bitumen to be less age suscep�ble in order to prevent the occurrence of these cracks. So, 
this tells us about the importance of the viscosity in rela�on to the actual performance of the pavement. 
So, now, let us see that how these consistency proper�es which we have discussed that is penetra�on, 
so�ening point viscosity and duc�lity they have been very popularly used to determine other proper�es 
or other performance related proper�es of the bitumen. 
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Two of the popular use of these physical property is in the calcula�on of temperatures suscep�bility and 
in the calcula�on of binder s�ffness, temperatures suscep�bility is the rate at which the consistency of a 
bitumen changes with change in temperature. So, if we try to see the varia�on of the property of bitumen 
at different temperatures, let us say in the y-axis we have viscosity and in the x-axis we have temperature. 

 

Let us say you have two bitumen for one bitumen, the varia�on of viscosity which temperature is 
something like this and for another bitumen, the second bitumen which we are trying to study the 
varia�on of viscosity with temperature is something like this, let us say this is bitumen A this is bitumen B. 
So, in case of bitumen A you will see that at lower temperature, it has very high viscosity, but at higher 
temperature, it has very low viscosity which means the viscosity drops at a much faster rate.  



 

On the other hand, in case of bitumen B, the viscosity at lower temperature is lower than the viscosity of 
bitumen A and it higher temperature, the viscosity of bitumen B is higher than the viscosity of bitumen A. 
So, if you are given a choice to choose between A and B, which bitumen are we going to choose or are you 
going to choose? So, you have to understand that at low temperature, we desire lower viscosity, why 
because, if the s�ffness of the bitumen is very high at lower temperature this can lead to temperature 
induced crack or non-load associated shrinkage cracks.  

 

On the other hand, at higher temperatures, we want the viscosity of the bitumen to be higher. The reason 
being that if we are talking about let us say the higher temperature is 60 or 70 degree in service 
temperature, then we want s�ffness in the bitumen in order to resist the permanent deforma�on or 
ru�ng failure in the bituminous mixture. So, therefore, bitumen A here will have higher chances of low 
temperature cracking as well as ru�ng. On the other hand, bitumen B has lower chances of low 
temperature cracking and also lower chances of high temperature ru�ng or permanent deforma�on.  

 

So therefore, temperature suscep�bility gives us an indica�on about the change in the property of the 
bitumen when it undergoes it a range of temperature change. Though there are various methods by which 
we can determine the temperatures suscep�bility of the bitumen. One of the commonly used method is 
the one which was proposed by Pfeiffer and Van Doormaal 1963 and they proposed the term penetra�on 
index to assess the temperatures suscep�bility of the bitumen. 
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Penetra�on index can be determined just by using the so�ening point value of the bitumen and the 
penetra�on value of the bitumen at 25 degrees Celsius. Addi�onal assump�on here, which they have 



taken for assessing the penetra�on index is that the penetra�on at the so�ening point is approximately 
800.  

 

Now, this may not be always true, therefore, researchers have suggested that instead of assuming the 
penetra�on of the bitumen at so�ening point as 800, we can also determine the penetra�on at any other 
temperature then 25 degrees Celsius. If you remember, when we were discussing about the penetra�on 
test, we also discussed that few specifica�ons required that the penetra�on of the bitumen to be done at 
4 degrees Celsius.  

 

So, we can do the penetra�on test at 4 degrees Celsius or 10 degrees Celsius or 20 degrees Celsius, any 
other temperature then 25 degrees Celsius and then use this concept to determine the penetra�on index. 
First what we do that we plot the varia�on of log of penetra�on with temperature.  

 

So, with increase in temperature the penetra�on value will increase. And then the slope is calculated for 
this par�cular varia�on. And the slope which you can see is calculated as 𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑇𝑇1−𝑙𝑙𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑇𝑇2

𝑇𝑇1−𝑇𝑇2
 is used in this 

par�cular formula to calculate the penetra�on index of the bitumen. So, 𝑃𝑃𝑃𝑃 = 20−50𝐴𝐴
1+50𝐴𝐴

. 

 

Here the value of A it typically ranges from 0.015 to 0.06 which indicates that bitumen from different 
sources can have a very wide range of penetra�on index and therefore, temperatures suscep�bility lower 
is the value of the penetra�on index higher will be the temperature suscep�bility of the bitumen. So, for 
most typical bitumen’s the penetra�on index it ranges from minus 1 to plus 1 it has been found that 
bitumen whose penetra�on index is as low as minus 2 can be very high low temperatures acceptable. 

 

Well, there are other methods also, as I said, which can be used to determine the temperature 
suscep�bility, though they are not very popularly used one of these methods is the penetra�on viscosity 
number, which was proposed by Mcleod and in this par�cular method to in order to assess the 
temperature suscep�bility, we calculate the penetra�on viscosity number.  

 

So, the penetra�on at 25 degrees Celsius and the viscosity value either at 135 degrees Celsius or 60 
degrees Celsius can be used in a formula to calculate the temperatures suscep�bility in the viscosity 
temperature suscep�bility VTS what we do a double log viscosity is used and it is ploted with log of 
temperature. So, we have log viscosity and its varia�on is ploted against log of temperature which is used 
to assess the temperatures acceptability of the bitumen, but as I said mostly penetra�on index has been 
used popularly to determine the temperatures suscep�bility of asphalt binder or bitumen. 

(Refer Slide Time: 29:22)  



  
 

Now, since penetra�on index as I said is popularly used let us try to find out the temperatures suscep�bility 
using these nomographs. In the first nomograph, which is ploted here they have assumed that the 
penetra�on value at the so�ening point is 800. So, let us say that we have a bitumen with a penetra�on 
value of 40 at 25 degrees Celsius and the so�ening point of this par�cular bitumen is 54 degrees Celsius. 
So, how do you use the first nomograph? First we will mark the penetra�on value. 

 

So, this is 40 the so�ening point is 54 somewhere here and now, we just have to join these two points. So, 
you can see that if you join these two points the penetra�on index value, I am not sure if it is a very straight 
line, but the penetra�on index value is a litle higher than 0 maybe 0.4.  

 

Coming to the second nomograph, here, we have to measure the penetra�on value at two temperatures, 
let us say we have done it at 25 degrees Celsius, which is 40 and we have also measured at 4 degrees 
Celsius and the value came out as 10. And then therefore, the 𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇1

𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇2
= 4 in our case and (T1 - T2) is (25 – 

4) which is 21 degrees Celsius.  

 

So, let us mark this in this nomograph. So, 𝑇𝑇1
𝑇𝑇2

 is 4, which we have marked here and (T1 - T2)  is 21 degrees 
Celsius which is marked here and then we will join this to line and we will extend it here. So, you can see 
that here the penetra�on index value of the bitumen is somewhere near to 3. So, this two nomograph can 
thus be used to determine the temperature suscep�bility of the bitumen in terms of penetra�on index. 
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Now, let us see how the binder s�ffness is calculated using these physical proper�es. Let us first try to 
understand why we are interested in buying the s�ffness. We will see later in our presenta�on that for the 
structural design of pavement, we need to input the values of the mechanical proper�es of the asphalt 
mixture and one of these mechanical property is the s�ffness of the mixture.  

 

So, s�ffness modelers or s�ffness of a asphalt mixture is basically the ra�o of the stress and strain, which 
is a func�on of �me and temperature. So, we are using the term s�ffness which is analogous to elas�c 
modulus, but s�ffness here refers to the ra�o of stress and strain, which is a func�on of �me and 
temperature typical for viscoelas�c materials. If you try to imagine an asphalt mixture or a bituminous 
mixture, what it is composed of it is composed of mineral aggregates and it is composed of bitumen and 
if you see the response of the bituminous mixture to any given loading condi�on, it is �me dependent and 
temperature dependent which means it acts like a viscoelas�c material.  

 

Now, this characteris�c of viscoelas�city is actually imparted by the presence of bitumen. Therefore, we 
can agree to the fact that the s�ffness of the mixture will be a func�on of the s�ffness of the bitumen and 
the volumetric parameters of the bituminous mixture in ques�on. Therefore, if we can evaluate or if we 
can determine the s�ffness of the bitumen, we can indirectly predict the s�ffness of the bituminous 
mixture as well from the bitumen what do we desire, we desire that, at higher surface temperature the 
s�ffness should be high and at lower surface temperature the s�ffness should be low so, that we can have 
good resistance to permanent deforma�on as well as to low temperature cracking.  

(Refer Slide Time: 33:53)  



 

This graph shows the varia�on of s�ffness of bitumen with �me at one par�cular given temperature, let 
us try to understand the varia�on of the s�ffness with temperature. If you see that at the short loading 
�me, the s�ffness is �me independent and approaches the elas�c modulus. So, here the s�ffness is �me 
independent and it approaches the elas�c modulus. If you see at longer loading �mes, here, the s�ffness 
reduces but at a uniform rate and the response is mostly viscous in nature at the intermediate �me range, 
the responses mostly delayed elas�c in nature. And here the varia�on of viscosity is non uniform with the 
increase in �me.  

 

So, you can see that the s�ffness here is a func�on of �me and here the if we try to find out the s�ffness 
in some form let us try to understand what happens here. Here you see since the response is more viscous 
in nature, so, we can write that viscosity is stress upon shear rate for instantaneous loading sigma is equal 
to bita de upon dt for instantaneous loading, we can write that sigma t is equal to Nita e.  

 

So, 𝜎𝜎
𝜀𝜀

= 𝜂𝜂
𝑡𝑡
 and here this 𝜎𝜎

𝜀𝜀
 is equal to a representa�on of the shear modulus let us say, and if you remember 

that, in mechanics of solid, you must have learned that 𝐸𝐸 = 2(1 + 𝜇𝜇)𝐺𝐺. So, if we assume that the value of 
mu is approximately 0.5, we can say that the elas�c modulus is three �mes the shear modulus. So, if we 
replace the value of Gand try to find out the s�ffness in terms of E, then we can write that this is equal to 
𝐸𝐸
3

× 𝜂𝜂
𝑡𝑡
. 

 

So, 𝐸𝐸 = 3𝜂𝜂
𝑡𝑡

. or we can say 𝐸𝐸 = 𝜆𝜆
𝑡𝑡
. Here this λ is basically a measure of the viscous deforma�on of the 

bitumen sample. So, as I said this picture or this graph is at one par�cular temperature. 
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.  

 

Similarly, we can have the varia�on of s�ffness with �me at different temperatures and it is obvious that 
with increase in temperature, the s�ffness of the bitumen will reduce and different bitumen can have 
different varia�on in the s�ffness versus �me graph. Of course, this picture which we are seeing on the 
screen is a simple representa�on of the s�ffness.  

 

If we consider the 3D stress strain system or 3D stress system, the response or this par�cular varia�on will 
be more complex in nature. So, however, for most of the purposes, it is found that uniaxial stress system 
is adequate to study the response of the bitumen and therefore, the bituminous mixture.  

(Refer Slide Time: 37:19) 

 



 

In order to determine the s�ffness of the bitumen, which we are interested in, we can use indirect methods 
as well as direct methods. In the direct methods, we actually test the bitumen using some instrument and 
then try to find out the s�ffness of the bitumen, which we will be discussing when we will talk about the 
rheological tests on bitumen. Since now, we are interested to study that how the physical proper�es can 
be used to derive the s�ffness of the bitumen we are basically interested to see the indirect method.  

 

Now, one of the most popularly used indirect method is the nomograph proposed by Van der Poel. So, Van 
der Poel proposed a nomograph which can be used to predict the s�ffness of the bitumen at any 
temperature and loading �me using the values of only the so�ening point and penetra�on index.  

 

Now, this seems to be very interes�ng because, if you have only simple proper�es or simple tests done on 
bitumen, you can actually find out a complicated or a more exact behavior or you can predict the more 
exact behavior in terms of s�ffness, which is actually a func�on of �me and temperature. Studies have 
found that this nomograph can predict or the accuracy of this normal graph has a factor of 2. A�er finding 
the s�ffness of the bitumen, we have another chart which can be used to find out the s�ffness of the 
bituminous mixture, depending on the s�ffness of the bitumen and the volumetric proper�es of the 
bituminous mixture. 

 

Later studies were also done to modify the nomograph proposed by Van der Poel for example, Heukelomk 
and Klomp they did some modifica�ons to the rela�onships and use the Van der Poel nomograph to refine 
the predic�on later on Mcleod are also refined the predic�on given by Heukelomp and Klomp by adding 
the penetra�on viscosity number in the predic�on chart and Mcleod nomograph also has an accuracy of 
a factor of approximately 2.  
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Now since Van der Poel nomograph is more popular and has been successfully used in various research, 
let us try to see how this nomograph we can use to calculate or to predict the s�ffness of the bitumen and 
the bituminous mixture. So, first I will try to explain what are the different parts of this par�cular 
nomograph.  

 

In the lower part, you have a scale which tells you the �me of the loading or frequency for example, and 
this frequency is actually a replica�on of the speed of the vehicle. So, for example, if we are interested to 
find out the response of the bitumen in a bituminous mixture, which is placed in a pavement where the 
average speed of the vehicle is let us say 80 kmph. 

 

So, if you try to further derive will see that this approximately represents 0.1 Second loading �me or 10 
hertz is a frequency. So, the first axis which you see on the lower part basically can be used to select the 
�me of loading or the frequency of loading at which we are interested to find out the s�ffness of the 
bitumen coming to the second scale. 

 

Here we have the temperature difference between the temperature at which we are interested to find out 
the s�ffness and the so�ening point of the bitumen, which is represented as T 800 Penetra�on because, 
as we discussed previously that there is an assump�on that at the so�ening point the penetra�on to the 
viscosity is approximately 800. So, let us say that the so�ening point is 54 degrees Celsius and we are 
interested to find out the s�ffness of the bitumen at 35 degrees Celsius. So, this gives us 90 degrees Celsius.  

 

So, therefore, these 90 degrees Celsius is plus So, we are looking at a temperature which is lower than the 
so�ening point. So, we will see in this part of the scale which is on the right side of the 0. So, we have to 



mark that par�cular point here or whatever value which comes at the temperature at which we are 
interested to find the s�ffness of the bitumen, this par�cular scale on the upper part, it gives us the 
s�ffness of the bitumen, if we know the penetra�on index value.  

 

So, if you know the penetra�on index value, we will just mark it let us say that if the penetra�on index is 
1 and we are interested to see at 0.1. So, we will just extend this graph to this par�cular point, we are we 
are interested to find out the s�ffness and then we can read the par�cular s�ffness in terms of Pascal's. 
So, let us say if this is the point then it says this is 2 × 105 Pascal's. So, this is the s�ffness of the bitumen. 
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Let us try to understand the use of this chart with an example. So, we will use the similar example, which 
we discussed while deriving the penetra�on index. So, let us say that the penetra�on at 25 degrees Celsius 
is 40 dmm the so�ening point is 54 degrees Celsius and let us say that the penetra�on index which we 
calculated was around minus 0.5. And we are interested to find out the s�ffness at 35 degrees Celsius, 
which let us say is the average in service pavement temperature in tropical climates looking at a pavement 
where the vehicle is moving at a speed of 80 kmph.    

 

So, we are looking at the loading �me of 0.1 second approximately we will first mark the 0.1 second here, 
so, I think this is 0.1 second, this has been marked here, then, we have to see the temperature difference. 
So, it is 54 degrees Celsius 35 degrees Celsius we are interested in so, this is 19 degrees Celsius. So, let us 
mark these 19 degrees Celsius here. And now, the penetra�on index is minus 0.5 as we calculated which 
is somewhere here.  

 

I will draw a straight line first from minus 0.5, then I will join this two points and extend this line to intersect 
the penetra�on index line which I have just drawn. So, this is 1 and I am just extending it. So, it meets 



somewhere here. And if you see this is somewhere here, let us say that this is approximately 1 point 
something let us say this is 2 × 106  Pascal's. So, 2 × 106 Pascal is the s�ffness of the bitumen, which we 
just predicted from this par�cular nomograph.  

 

Another important point to men�on here that is that usually at lower temperatures and very high 
frequency, all bitumen it approaches a limi�ng value of s�ffness of approximately 2 × 109 Pascal's 
approximately. So it is around like 1 Giga Pascal. 

(Refer Slide Time: 45:11)  

  
 

So, let us now proceed and see further that how the s�ffness of the bituminous mixture can be determined 
from the second graph or the nomograph which we have this is also the nomograph which was proposed 
by Ven der Poel and here you see on the y axis we have s�ffness in kg per cen�meter square, this is the 
s�ffness of asphalt in kg per cen�meter square and here we have different lines corresponding to the 
concentra�on of mineral aggregate percent by volume of the mixture.  

 

So, in this example, which we are doing, let us say that we are looking at a mixture which is produced at 
5.5 percent bitumen content by weight of the mix has a here air void of 4 percent and the bulk density of 
the mix is 2.45. So, if you try to find out what is the volume of bitumen in this par�cular mixture, so, it is 
how much 5

100
× 2.45. So, you will get as approximately 13.5 percent by volume of mix and we have 4 

percent here white, so, adding the 4 percent air white we have 17.5 percent by volume of the mix.  

 

So, the volume of aggregates is basically (100 -17.5) which is 82.5 percent by volume of mix. So, here you 
see we have 86, 81 so, maybe one graph will be somewhere here somewhere 82. And the s�ffness of the 
bitumen, which we predicted using the previous nomograph 2 × 106 Pascal's which is actually 20 kg per 



cen�meter square. So, this is 40 Maybe here 20 And then we have to extend this graph to par�cular 
disloca�on somewhere here is not it.  

 

So, this is what you get here. So, if you extend this you will get that this is somewhere between 468 8 × 
104 kg per cen�meter square just an example. So, in this way using both these nomographs we can predict 
the s�ffness of the bituminous mixture. So, this shows that how strong this par�cular nomograph can be, 
when we only have limited data available with us definitely, this will not give us the exact value of the 
s�ffness, but this can give us at least a rough idea of the first es�mate of the s�ffness of the bituminous 
mixture. And very interes�ngly only with the help of simple physical proper�es such as penetra�on and 
so�ening point.  

 

With this we will stop here today and in the next presenta�on, we will con�nue discussing the physical 
proper�es of the bitumen and we will start discussing about the durability aspects of the bitumen where 
we will talk about the short-term aging and long term aging characteris�cs of the bitumen. Thank you. 

 

 


