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Hello everyone, today we are going to discuss or we are going to start or begin our discussion on the mix 
design aspects related to hot mix asphalt. And today we will start before we jump into understanding the 
mix design process talking about different types of mix design, today we will try to first understand about 
the role and the desirable proper�es of hot mix asphalt and what should be the basic objec�ve or the 
philosophy of mix design. And we will also look at before we begin the mix design process, we will also 
look at some of the historical developments that have taken place in the procedural development of mix 
design for hot mix asphalt. 

 

So, in the last lecture, we have talked about the produc�on of bituminous mixtures, we have discussed 
about how the bituminous mixtures are produced in the laboratory compacted in the laboratory and how 
the produc�on and compac�on is done in the plant and in the field. So, today, we will as I said we will start 
discussing about the role and desirable proper�es from the perspec�ve of mix design. So, if we try to see 
the behavior and the importance of different materials in the mix. So, in the hot mix as filed, we basically 
have usually only two types of material, we have binder and we have aggregates and we also have air 
voids, but that is not a material. 

 (Refer Slide Time: 2:00) 

 

So, the binder the main purpose of using a bitumen or a binder is to facilitate or provide cohesion to the 
mix. So, this binder is keeping these aggregate par�cles of different sizes together in the dense mass. So, 
we have already completed our discussion on bitumen. So, I think by now, you will agree that the important 



characteris�cs of bitumen it includes its temperatures acceptability, because the actual mix will be 
exposed to a range of temperature in the field. So, we have to ensure that changes in proper�es are not 
very significant during this range of temperature when it is exposed to this change in temperature in this 
range. 

 

Viscoelas�city is of course, an important property it will tell us about how the material will respond to any 
given loading condi�on under different temperature condi�ons and under different frequency condi�ons 
that is speed of the vehicle. And of course, ageing is related to the durability of the mix. So, we also have 
to ensure that when the mix has been exposed to different temperature level, different oxida�on level, 
during its in service life, the changes in proper�es should not be such that there are occurrence of 
distresses like ru�ng and fa�gue cracking or low temperature tracking. 

 

This can be ensured using a system such as a performance grade grading system about which again we 
have discussed in detail, that one of the main atribute of this grading system is that we do not test the 
binder at a par�cular temperature, but we have some set desired proper�es, some values have been set 
and we have to ensure that at the field temperature at which the binder will be exposed to these desired 
proper�es are within this specifica�on. 

 

Now, let us talk about aggregates. So, if you try to imagine the hot mix asphalt, the aggregates are in point 
usually in point to point contact with each other and then they are interlocked with each other. So, they 
their main purpose is to provide enough shear strength, so, that the mix can resist permanent deforma�on 
or the movement of the par�cles. So, it should not move under the ac�on of load. So, that is why proper 
shear strength within the mixture is very important. 

 

So, usually when the mix is loaded, which you can see in the first picture, we have an aggregate mass. So, 
when the aggregate mass is actually loaded, a shear plane can be formed. And here in this shear plane we 
have to ensure that the shear strength of the aggregate mass is higher than the shear stress to which it is 
being exposed. If the shear stress exceed the shear strength, then there can be movement of the par�cles 
which can cause occurrence of distresses, for example, shoving. Here we also have to ensure that the 
aggregate par�cles are well interlocked with each other, so that it can increase the shear strength of the 
mix and it can resist the movement of the aggregate par�cles at the shear plane interface. 
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So, now, we have discussed about the bitumen and we have discussed about the aggregates what are the 
desirable proper�es. Now, the final mix which is produced by mixing these aggregates with the bitumen, 
it should be finally, the aim is that it should be able to resist stresses due to different types of load, the 
load can be ver�cal in nature or it can be compressive, it can be there can be shear stresses, there can be 
tensile stresses at the botom of the HMA layer and we want that our mix should be capable of resis�ng 
these stresses.  

 

The main are the cri�cal failures for which we are designing the mix it includes permanent deforma�on, 
which is ru�ng, then occurrence of fa�gue cracking and occurrence of fluid temperature cracking. So, 
these are the three primary distresses against which the mix should perform. 
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So, now, let us discuss about various performance indicators and its rela�on to the mix. So, the first 
performance indicator is that the mix should be resistant to permanent deforma�on. So, the ru�ng or the 
permanent deforma�on can appear something like this which you are seeing in this picture along the 
wheel path, it happens because of the development of plas�c strain due to repe��ve loading, plas�c strain 
is the strain which cannot be recovered again. So, this is a permanent strain. 

 

So, this plas�c strain is a func�on of both the proper�es of aggregate grada�on, types of aggregate, and 
bitumen which we are using, but predominantly it is a func�on of the internal fric�on which is developed 
in the aggregate mass. So, this internal fric�on is not very easy to quan�fy it is basically related to the 
shape of the aggregate par�cles, we have discussed that angular shape is desirable, the surface texture of 
the aggregate par�cles and of course, the grada�on of the aggregates. 

 

So, these are the parameters which will affect the amount of internal fric�on which is developed in the 
mix. The role of binder here in development of plas�c strain is rela�vely less and a thumb rule can be that 
in order to have lower plas�c strain from the perspec�ve of bitumen, we can use a s�ff binder. So, s�ffer 
is the binder less will be the amount of plas�c strain. 
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So, talking about the fa�gue resistance, again, fa�gue which is one of the cri�cal distresses in the pavement 
and example of which you can see here. So, this fa�gue occurs because of the development of horizontal 
tensile strain at the botom of the bituminous layer due to repeated movement of traffic.  

 

If you see a layered system if this is the bituminous layer, so, this strain is occurring here and it is not only 
because of movement of a single truck or few number of trucks, but because of this repe��ve ac�on what 



happens the strain starts ge�ng accumulated at this point. If the magnitude of the load is very small, then 
the strain will be small, so, everything will get recovered, but if the magnitude of the load is high, the strain 
will keep on increasing over a period of �me. 

 

When this accumulated strain, it exceeds the strength of the mixture, the material will crack here because 
it will release the stress by cracking. And this accumula�on of strain is a func�on of various parameters of 
the mix, for example, it can happen because of insufficient thickness of the bituminous layer, because a 
thin layer are more suscep�ble to cracking because the deflec�on is higher, air void is one of the factor 
and of course, the proper�es of the asphalt binder. 

 

So, asphalt binder in fact provides flexibility to the mix which is directly related to fa�gue cracking or the 
occurrence of fa�gue. So, the appropriate choice of binder and appropriate proper�es of binder is very 
cri�cal here. In contrast to what we discussed about permanent deforma�on where the rule of binders is 
rela�vely less in comparison to the mixture. The mix atributes for example, air void also affects the 
occurrence of fa�gue, a dense mass will ensure beter or higher resistance to fa�gue damage. 
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In addi�on to that, as I was talking about the thickness, if the thickness of the bituminous layer is high 
enough so a thick well supported pavement it will deflect less than poorly supported. So, this also indicates 
that the support of beneath the mix also plays a cri�cal role in influencing the occurrence of fa�gue. So, 
usually if the hot mix asphalt layer is thin, maybe let us say 100 to 150 mm typically or even lower then 
botom of cracking will be the predominant mode of fa�gue failure, botom of cracking is that the cracking 
will start from beneath the pavement and it will appear at the top. 

 



Whereas, we can also have occurrence of top down cracking now, this phenomena is more cri�cal for thick 
pavements were because of the high tensile stresses at the surface because of the movement of the �re 
pressure or the movement of the vehicle. So, high horizontal stresses the crack starts from the top and it 
goes to the botom. In order to increase the resistance we also have to use moisture resistant materials 
with adequate drainage because the movement of moisture also affects the occurrence of fa�gue failure 
or aggravates the occurrence of fa�gue failure we can say. 

 (Refer Slide Time: 11:10) 

 
 

Then, the third cri�cal distress is the low temperature cracking. In the low temperature cracking which is 
also the thermal cracking, the thermal tensile stresses becomes higher than the tensile strength. So, and 
usually the fa�gue cracking will be more of longitudinal or joint type whereas, thermal cracking will more 
of in the lateral direc�on, these are typically seen as equally spaced or transverse cracks. The occurrence 
of thermal cracking is a func�on of parameters for example, magnitude and rate of cooling of the mix 
which depends on the environmental aspects. 

 

Then frequency of occurrence, I mean how many cycles are occurring during that period of �me and the 
s�ffness of the asphalt binder, because s�ffer is the asphalt binder, the chances of cracking will be higher. 
So, in addi�on to that, it is because this is a func�on of how freezing is also taking place, which is a func�on 
of the movement of the water. So, highly absorp�ve aggregates and high dust contents, it can aggravate 
the process, so we have to choose the aggregates accordingly and we have to ensure that larger amount 
of dust par�cles are not present in the mix. 
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Moving forward we have some other parameters or performance indicators in addi�on to the three cri�cal 
distresses which we have discussed and these parameters are somehow related to these. So, here the first 
is the moisture sensi�vity.  

 

Now, moisture sensi�vity it occurs or the moisture related failure occurs due to the combina�on of water 
and repeated traffic, we have discussed previously that water can remove the bitumen film from the 
aggregate surface, so which can lead to stripping of the mix and failure in the mix, so that is the effect of 
water and if the void within the mixture is high, then because of the repeated movement of the traffic 
pore the pore water pressure which gets generated it will separate the aggregate par�cles and again it will 
lead to failure in the mix. 

 

So, one way to resist moisture related damage is to use sufficient binder to make the mix impermeable, 
when I say impermeable it does not mean that we are targe�ng for 0 percent air voids, but we should not 
have air voids higher than a par�cular range or par�cular value, which will facilitate the collec�on of water 
within the mix.  

 

So, if these are the aggregate par�cles, so, this water should not get collected here, accordingly the 
permeability becomes cri�cal. We can also resist a moisture damage by improving the bond between the 
aggregate and the binder, this can be done using various chemical addi�ves and proper selec�on of 
aggregate and bitumen. 

 

Durability is related to more of the effect of ageing. So, it is the ability of the pavement to resist ageing, to 
resist disintegra�on of aggregate and also to resist stripping of asphalt binder. So, the one way of doing is 
to produce a dense graded mixture with less amount of voids and to also use moisture resistant mixture.  



 

The bitumen film thickness also should be appropriate so that excessive ageing does not take place 
because if the film is thin, more will be the propensity of or more will be the chances of extent of ageing 
within the mixture. And we should go for high in place compac�on, we should not go for high in place 
voids. So the void, in place voids typically should be kept less than 5 percent, so this will also ensure a 
durable hot mix asphalt. 
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Then specifically for the surface or the wearing course, it is important that the surface should be skid 
resistance, this is for safety and this will prevent slipping and skidding of the vehicle specially under wet 
condi�ons. So, for this one way is to use rough textured aggregate and polish resistant aggregate, we can 
also use mixtures for example, open graded fric�on course, which will increase the fric�onal 
characteris�cs of the surface layer. 

 

Then finally, we have workability as one of the performance indicator. So, workability can be defined as 
the ease with which the paving mix can be paved and compacted we have already discussed about the 
compac�on process previously. In order to produce because some�mes if you can see in this picture, 
some�mes irregulari�es can occur and this is atributed probably to the either to the process of 
compac�on, either to the temperature of the mat or probably to the poor mix which is some�mes also 
called as a tender mix. So, aggregate grada�on is very important here. 

 

So, depending on the aggregate grada�on, the densifica�on or the movement of the aggregates and 
orienta�on of the aggregate will change. We also have to ensure that the mix is not excessively workable, 
because this can also be prone to permanent deforma�on because, we have already discussed in when 



we were discussing about aggregates, that when the aggregates are rounded they are more workable, but 
these type of aggregates has they will lead to further densifica�on under the movement of the traffic 
which can lead to occurrence of permanent deforma�on. 

 

We also have to see that in degrada�on we do not have large percentage of coarse aggregate because 
large percentage of coarse aggregate and low binder content can lead to segrega�on. So, segrega�on can 
be also because of the improper or improper amount of binder because binder is finally the binding agent. 
So, if we do not have appropriate binding agent aggregate par�cles can be separated easily. 

 

As I was talking about tender mixes, so, these are mixes which are too easily worked and shaped. So, when 
the rollers will move to compact you will see that it is not compac�ng ver�cally, but the mixes is moving 
longitudinally. So, a shortage of filler or the filler can be an excessive amount, there can be excessive 
amount of mid-size sand, which are more rounded in nature. We can have rounded and smooth, smooth 
and rounded aggregates which will also lead to occurrence or the produc�on of tender mixes and there 
can be also moisture in the mix. So, maybe the drying is has not been done properly and the there is some 
moisture in the mix which can also lead to tender mixes. So, and as I men�oned the temperature of the 
binder is important to or during compac�on. 
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With this, let us now talk about the philosophy of mix design. So, the mix design which we are targe�ng 
to do should finally yield a mix having some desirable proper�es and these proper�es we have just 
discussed now. So, the mix should have sufficient binder, so that we can ensure a produc�on of a durable 
mix. The mix should have sufficient stability and flexibility to sa�sfy the need of the traffic. 

 



The mix should have sufficient air voids for secondary compac�on to happen and for thermal expansion 
of binder, this is also very important that we do not want excessive air voids to increase the permeability 
and then this permeability can lead to moisture damage, but we do not want very less voids, we want 
certain level of air voids and this certain level of air void is required to facilitate secondary compac�on 
when the pavement will be open to traffic. So, some amount of further compac�on will take place. So, we 
have to allow that we have air voids to accommodate this compac�on. 

 

And then during summers because bitumen is a viscoelas�c material, the volume of the binder may 
increase during summers. So, to allow for the thermal expansion of the binder also there should be certain 
level of air void present. But again, as I men�oned maximum void content has to be limited to limit the 
permeability. The mix should have sufficient workability, so that it can be placed and compacted easily at 
the site. Especially for surface mixtures or varying course, we also need sufficient skid resistance for safety. 

 

So, you can see that there are so many atributes which we desire or proper�es which we desire from the 
mix, but of course, all these proper�es they are some�mes at the opposite end of material spectrum. And 
in fact, no single binder content in the mix can maximize all these proper�es. In the mix design process, 
what we do the binder content is selected, an appropriate binder content and the combina�on of mineral 
aggregates they are selected to op�mize the proper�es depending on specific condi�ons, we will talk 
about this condi�on in further slides. 
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So, before that let us understand about the objec�ves of mix design. So, as we have just discussed, our the 
objec�ve of mix design finally, is to determine the combina�on of asphalt binder and aggregate that will 
give long las�ng performance. Now, here when I say long las�ng performance, I have to define what do I 
mean by performance. And in fact, mix design is just the star�ng point to ensure good performing asphalt 



pavement because construc�on is and quality control during construc�on is one of the main factors that 
will affect the final performance of the mix. 

 

So, studies have shown that a rela�vely poor mix design and good construc�on works beter in comparison 
to a good mix design and poor construc�on. So, that is why we say that mix design is only the star�ng 
point to ensure a good performing asphalt pavement but this is not the only aspect to ensure good 
performing pavements.  

 

So, asphalt pavement, they will perform well only when they are designed, produced, and finally 
constructed to provide certain desired proper�es and as I was as we say desired proper�es, so, these 
desired proper�es will be a func�on of project expecta�on. So, we for different projects, different 
loca�ons, different type of traffic, there can be different expecta�on from the mix. 

 

So, once the designer knows about these expecta�ons, the mix design can be accordingly changed or 
accordingly it can be altered. And the desired proper�es also depend on the posi�on of the mix. So, we 
can have a usually the if you see the bituminous layer, we can have a base bituminous layer, we can have 
a binder course, we can have a surface course. So, the requirements the expecta�on from all these layers 
can be different. 

 

So, depending on the posi�on of the mix, also the mix design will change, but we have to ensure that we 
are not compromising the performance, be it a base course, binder course or surface course, because 
whatever is a binder course or whatever is the wearing course today will probably become the binder 
course when the pavement is overlaid. So, we have to ensure that we are not compromising with the 
proper�es of the mix. 

 

Also, it depends about the facility which for which we are designing the mix for example, the requirement 
of high-volume roads will be very different from the expecta�on which will have from a parking lot. So, 
based on the facility also the expecta�on and accordingly the mix design will be will have to be controlled. 
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So, these are just some random picture showing different condi�ons and just to understand that how and 
why we say that for different types of loca�on, we will have to think about different ways of designing or 
choosing the mixed parameters. So, you see that we have high volume road and we have parking lot, in 
one loca�on, the stresses are high, vehicles are moving at a par�cular speed. In another loca�on we have 
mostly cars that are standing and then again they are sta�c in nature. So, here the type of loading changes, 
so the expecta�on of the mix will change. 

 

While designing the mix for different climates we have to consider various parameters. For example, the 
requirement for a mix which will be placed in a very hot weather condi�on will be different from the mix 
which will be placed in a cold weather condi�on. For example, in hot weather condi�on, we will have a 
tendency to use s�ffer binders, whereas in cold weather condi�on we will have a tendency to use binder 
with lower s�ffness. Then of course, moisture is one of the factors at loca�on with extreme rainfall we 
have to take in we have to take several other considera�ons, so that our mix performs when it is finally 
open to the traffic and to the environment. 
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Now, finally, let us discuss before we jump into the mixed design aspects, let us discuss about the historical 
development of mixed design. Of course, the actual evidence of the first use of bitumen because this 
historical aspect we have already covered in the third module, it is debatable and the evidence of using 
bitumen can be dated back to about like 3000 B.C. and even before but here we are talking more about 
the construc�on of pavement, which is more related to the use of actual bitumen rather than other types 
of bituminous material. 

 

The first pavement in US has been reported to be constructed in 1870 in Newark, New Jersey, then around 
1908 Clifford Richardson, he was a well-known pavement technologist and worked with the barber asphalt 
company. So, he developed a product or paved a product which is which was called as sheet asphalt and 
sheet asphalt was a mixture of clean angular sand and Trinidad bitumen which is the natural bitumen, and 
this was the �me when the importance of air voids and the voids in mineral aggregates. 

 

So, air voids and voids in mineral aggregates they are volumetric aspects of the mixture we will discuss in 
detail about them. So, this was the �me when the importance of volume matrix was realized that mixes 
with different volume matrix can perform significantly different from each other. In the same period. 
Frederick Warren of Warren Brothers Company started producing mixes with aggregate size larger than 
three inches.  

 

So, these were basically large stone mixes, and they were �ghtly packed with minimum voids. So, this type 
of mixtures were produced and they acquired a patent for it, they ini�ally call it a bitulithic pavement or 
bitulithic mix, which was later improved and it was marketed under the name of Warrenite. 

 



In 1912 the Warren brothers they filed a patent infringement suit for their patent and then the court ruled 
that not to violate the patent rights anyone can produce a mix with maximum size less than half inches, 
because of this there were developments related to the produc�on of fine graded asphalt mixtures. Then 
further around 1920 to 1940 you can say one of the ini�al or the first mix design method was developed 
which was named as Hubbard method of designing mixes. 

 

So, the Hubbard method it used stability tests to determine the performance of the mixture some form of 
stability test was used. Then around 1930 Francis Hveem who was working with the California Department 
of Highways, he did some significant work for developing a complete mix design process using kneading 
compactor and it was known as Hveem mix design and it was also used by various states for designing the 
mixes. 

 

So, kneading compactor was used and kneading compactor was basically selected to simulate fill 
compac�on and the strength of the mixes was determined using Hveem Stabilometer, which measures 
the resistance of the mix against shear. However, the Hveem mix design method did not become very 
popular, because during the same �me Bruce Marshall who was working with the Mississippi Highway 
Department. 

 

He developed an impact compac�on process to represent the density of the mix a�er years of loading and 
this was during the �me of World War 2 where they needed the government needed pavements to land 
aircra� at remote places. And since the compac�on process, the equipment which was proposed by 
Marshall was easy to handle, it became more popular and then most of the states started using the 
Marshall mix design process. In fact, in India also presently we use the Marshall mix design process. 

 

But however the ini�al Marshall method, which was proposed by Bruce Marshall, it was further modified 
to accommodate higher volume of traffic and it was specifically in US it was widely used up to 1900’s but 
as I men�oned in India also we s�ll use the Marshall mix design process and in the Marshall mix design 
process also the strength of the mix assessed using tests such as Marshall stability and Marshall flow, and 
the details of which of course, we will be discussing when we discuss about the steps of mixed design. 

 

During 1987 to 1993, as we have discussed also previously, that Federal Highway Administra�on sponsored 
a 150 million dollars project under the SHRP program, of which almost 50 million dollars were used for the 
development of performance grading system, which included development of a new grading system for 
the binder and also for the development of the Superpave mix design process. So, Superpave mix design 
process is now a standard process which is used in US for the mix design of their bituminous mixtures. 

 (Refer Slide Time: 30:53) 



 

So, with this we will end here. So, we have today discuss about various desirable proper�es of from the 
mixtures and what are the performance parameters which we want to op�mize, we have tried to 
understand the defini�on of mix design, we have also tried to understand that the mix design should be 
done based on different condi�ons related to the project. And then we have seen the historical and 
overview of the historical development of the use of bituminous mixtures and the development of 
different mix design process �ll date. 

 

And from the next presenta�on in the next presenta�on we will start discussing about the volume metrics 
of mix design which is basically the backbone of any mix design process. So, in our module here we will be 
discussing in detail about Marshall mix design process which we use in India and Superpave mix design 
process. However, as I said that before we jump into the mix design process, we will spend some �me in 
understanding the volumetrics of bituminous mixtures. We will start discussing about this from the next 
presenta�on. Thank you. 


