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Hello everyone. In the last class, we have discussed about the mix design of cold bituminous mixtures. 
Today, we will start discussing about performance based mixed design concepts. So, we are not going to 
discuss in detail about the available guidelines. Basically, there are no guidelines specifically, but the steps 
which are followed by different state agencies.  

 

Rather, we will discuss about the idea behind the performance based mix design and the steps which are 
the procedures which have been more popular in this direc�on of carrying out a performance based mix 
design of bituminous mixture.  
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Some of the important references using which I have prepared this par�cular presenta�on. It includes the 
NCHRP report on development of a framework for balanced mix design. I have also used e-reference from 
the website of NAPA, on balanced mix design approaches and also one of the document published by 
Napa on balanced mix design resource guide.  

 

I would also like to thank Miss Sadiya Sheikh who is a research scholar at IIT, BHU because she is also 
working in the area of developing a balanced mix design or performance based mix design. In one of these 



sponsored projects by NHAI with discussion with her many of my concepts, were also cleared and using 
which I was able to complete this par�cular presenta�on.  

 

So, before we start discussing about the available approaches on performance based mix design or what 
we call as balanced mix design, let us try to understand why this, why the need has arise to go for 
performance based mix design. What is the need by now we all understand that the present mix design 
concepts, which are available, they are mostly based on volume metrics of bituminous mixes. 
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For example, typically, we use air void as the primary criteria, we determine the op�mum mineral content 
at 4 percent air voids and then we check whether at this binder content, other parameters like VMA like 
voids filled with bitumen, the stability of the mix or the flow in the mix are they within the specified ranges 
and then we confirm this par�cular binder content as the op�mum binder content.  

 

If you recall the concepts and volume metrics which we have discussed, you will agree that the volumetric 
proper�es at large it depends on the accurate determina�on of the bulk specific gravity of the aggregates. 
And this is something which I have iterated many �mes during our discussion on volumetrics that accurate 
determina�on of specific gravity is very cri�cal for the successful implementa�on of volumetric based 
mixed design.  

 

So, the accurate determina�on of Gsb is very important. However, unfortunately, in the laboratory, the 
determina�on of Gsb is subjected to very high variability, specially for fine aggregates. And this also we 
have discussed that the reason is that, ge�ng a appropriate saturated surface dry condi�on is very, very 
difficult and is has high variability.  



 

Because of this reasons, there can be concerns related to appropriate determina�on of the op�mum 
binder content. So, we are performing all our calcula�ons based on the determined G somebody. If there 
is an error in the Gsb, the volumetric calcula�ons can be wrong, if the volumetric calcula�ons are wrong, 
the op�mum binary content which we have determined may not be appropriate.  

 

On the other hand, other than this par�cular aspect of variability in Gsb, the other issues are related to 
the use of new technologies and new materials in pavement construc�on. These days very commonly, we 
use various new materials, various addi�ves for produc�on of materials using which a bituminous mixture 
is produced.  

 

For example, we have polymer modified binders. We have addi�ves to produce warm mix asphalt, we are 
commonly using recycled mixtures of a construc�on of pavement and all these technologies, all these new 
mixtures which are prepared, they work on different mechanisms, which means the performance of these 
mixtures may not be directly related specifically to the volumetrics in the mixtures, which we are assuming 
for conven�onal hot mix asphalt and the func�oning of these materials cannot be directly addressed, only 
by looking at the volumetric mix design. 

 

And therefore, there is a need to incorporate performance tests in the mix design procedure just to ensure 
that once we produce the mix in the laboratory, this mix is going to give us desirable payment performance 
in the field. When I say performance test, I am basically indica�ng about the various distresses which are 
going to occur and the test which are carried out in the laboratory to address or to see the sensi�vity of 
the mix to these par�cular distresses. So, performance based mix design can address these issues by 
facilita�ng produc�on of mixes that can resist these cri�cal distresses.  

 

Now, before we start doing the mix design or any agency start doing the performance based mix design 
for a par�cular project for a par�cular loca�on, they have to iden�fy these cri�cal distresses, maybe for a 
tropical region a low temperature cracking is not very important to us, but for a very northern climate in 
US, low temperature cracking will be the primary mode of failure of the flexible pavements. So, that 
becomes a cri�cal distress for them.  

 

So, for a given project for a given loca�on for a given region, we have to iden�fy these cri�cal distresses 
and the performance based mix design should be oriented around these distresses which are an�cipated 
in the field for that par�cular project. Well, the performance based mix design is also referred to as 
balanced mixed design. So, this is just the use of terminology.  

 



Federal Highway Administra�on if we try to define what is a balanced or performance based mix design, 
they have defined balanced mix design as asphalt mix design for performance tests on appropriately 
condi�oned specimen that addresses mul�ple modes of distresses taking into considera�on various 
parameters such as mix aging, traffic, climate, loca�on, within the payment structure, etc. These 
parameters should be considered while defining the approach of the balanced mix design.  
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Now, let us talk about the available approaches. Firstly, as I men�oned, there are no standard specifica�ons 
available on balance mix design. So, this is an area of research currently and state agencies in different 
countries, they are working towards developing their own performance based mix design, so that the mix 
which is produced can actually perform in the field, but few approaches have been iden�fied, which tells 
us about the different steps involved in the balanced mix design process. 

 

So, there are four different approaches currently, which has been iden�fied. These include volumetric 
design, with performance verifica�on, so, this is approach 1, one of the very conven�onal approaches or 
conserva�ve approaches, approach B is volumetric design with performance op�miza�on, we will be 
discussing about the steps, but just to add few comments here, approach B is almost similar to approach 
a with some minor change. So, both are conserva�ve designs.  

 

We have approach C which is performance modified volumetric mix design, here we have a litle more 
flexibility to change different atributes of the mix, so that we can produce a mix having some desirable 
performance. So, this is approach C, we will be discussing about the steps. 

 

And then we have approach D which is performance design, which has the highest level of flexibility to 
vary the volume metrics within the mixture, just to ensure that the mix which is produced sa�sfies the 



given performance criteria, which can be in terms of resistance to permanent deforma�on resistance to 
cracking resistance to moisture damage or whatever cri�cal distress has been iden�fied.  
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So, let us discuss about the steps involved in each of these approaches. So, we are first discussing about 
approach A, let us go through the steps. So, the first step is conduct volumetric mix design to determine 
OBC. So, this is similar to what we have been discussing in the mix design of bituminous mixtures, we will 
make the mixtures and based on the volumetric proper�es, it can be a 4 percent air void criteria we will 
determine the op�mum binder content.  

 

So, meet exis�ng volumetric requirements we have to ensure that at the op�mum binder content, the 
other volumetric criteria’s like VMA like VFB or, filler to binder ra�o et cetera is sa�sfied. If it is not sa�sfied, 
this design approach does not allow us to go forward we have to redesign the mix.  

 

So, here is a constraint that without sa�sfying the volumetric requirements, we cannot move to the next 
step. Once it is sa�sfied, we will conduct performance test this can include ru�ng and cracking test 
considering that permanent deforma�on or ru�ng and fa�gue cracking are the primary mode of failures.  

 

So, add the op�mum binder content. We will perform these tests a ru�ng test. A appropriately selected 
test method and an appropriately selected for the cracking test method at the op�mum binder content. 
And then we will check does it meet the ru�ng and cracking requirements?  

 

Now the ques�on is what are these ru�ng and cracking requirements? We will discuss about them that 
how are these ru�ng and cracking requirements iden�fied? Let us say the agency has already iden�fied 



the requirement corresponding to the test, which are being used for assessing the ru�ng and fa�gue 
characteris�cs. 

 

So, does it meet the reading and credit requirements? If it does not, then again, we redesigned the mix. 
And again we redesigned the mix probably we are changing the aggregate grada�on, we are changing the 
binder type, we are varying the filler propor�on and again we have to start from step one that is star�ng 
with the volumetric mix design.  

 

If it does sa�sfy, then we have almost progressed a litle further and then we will conduct the moisture 
check, moisture resistance, check on the mixture prepared at that par�cular op�mum mineral content, it 
can be a tensile strength ra�o test or it can be any other test iden�fied by the agency. So, we will see does 
it meet the moisture damage requirement, if it does not meet, which means that the aggregates and 
binder are not compa�ble?  

 

Probably we will have to add some an� stripping agents. So, if we are adding an� stripping agents, we also 
should ensure that the addi�on of these is not changing the volumetrics of the mixture, otherwise, the 
main criteria of this par�cular approach will not be sa�sfied. So, we will add an� stripping agent and we 
will repeat the mo�on sensi�vity test assuming that the volumetric proper�es are not changed or the 
performance atributes that is ru�ng resistance and fa�gue resistance are not changed. So, if it sa�sfies 
the moisture damage criteria, then we finalize our mix for produc�on.  

 

So, this is the first step as I men�oned it requires full compliance with the exis�ng volumetric requirements 
and addi�onal performance requirements and it is the most conserva�ve approach and but the innova�on 
poten�al is less because we are doing many experiments, various steps here in this par�cular approach 
and this is one of the commonly followed approach by various US state highway agencies.  

 

Then we have approach B. As I men�oned, approach B is almost similar to approach A, the only difference 
is in this par�cular step. Once the volumetric criteria is sa�sfied and we are doing performance tes�ng, 
we can do the performance tes�ng at OBC plus minus 0.3 to 0.5 percent.  

 

So, we prepare addi�onal samples not only at OBC but, we do not prepare samples only at OBC but add 
addi�onal binder content and we will check the ru�ng and fa�gue criteria, when I say that I am adding 
0.3 to 0.5 percent, I have to ensure that this edi�on is not viola�ng the volumetric criteria’s, it is not 
viola�ng for example, the minimum VMA criteria it is not viola�ng the range of VFB criteria.  

 

So, do I am changing the binder content by a litle amount 0.3 or 2 ±0.5 percent, But I have to ensure that 
the volumetric criteria is not violated, then we select the OBC here so, OBC is not selected primarily based 



on the volumetrics. It is selected based on volumetrics as well as performance test. So, both criteria are 
sa�sfied and then the volumetric final op�mum binder content is selected.  

 

The other steps remains the same, that we have to do a moisture test. If it does not sa�sfy, we will add 
an� stripping agents if it does sa�sfy, we will finalize the job mix formula. As I have said it is similar to A 
but it allows moderate changes in asphalt binder content for performance op�miza�on based on mixture 
performance test results, and this is the step where the difference exists, it is a litle more flexible than A 
because it allows some changes in the op�mum binder content, but it is s�ll conserva�ve with very litle 
innova�on in this par�cular approach. 
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Well the approach C which is performance modified approach here what we do let us see the steps you 
select the aggregate grada�on and binder content and then you conduct a performance test which means 
that we are not restric�ng ourselves to the volumetric criteria here, we are selec�ng an grada�on and a 
binder content we are making samples and we are subjec�ng the mix to ru�ng and fa�gue test or 
whatever performance test we will see does it meet the performance criteria.  

 

If it does not meet the performance criteria, we will make changes in the aggregate grada�on, we will 
make changes in the amount of binder content which is used and so on. And we will keep doing this 
itera�on un�l the performance criteria is sa�sfied. If it does sa�sfy the criteria, then we will select the 
op�mum binder content and op�mum mix propor�ons.  

 

Now, here a�er this step what we do we will conduct a moisture sensi�vity test if it we will see does it 
sa�sfy the minimum value of moisture resistance if it does not the step remains the same that we are 
adding some an� stripping agents to meet the minimum criteria of the moisture sensi�vity test result, if it 



does sa�sfy, then finally here we also check if the agency has specified that they need some volumetric 
proper�es.  

 

So, here also modifica�on can be made, but if the agency requires that the volumetric property should be 
assured it should be sa�sfied in this par�cular step and then only we will finalize the job mix formula. As 
we have discussed, it allows some volumetric requirements to be relaxed or maybe eliminated as long as 
performance criteria is sa�sfied.  

 

So, the mixed design modifica�ons can be used in performance op�miza�on and not limited to changes 
in asphalt binder content. So, of course, as we are discussing, we understand that this approach is not 
very-very conserva�ve and it is giving us more flexibility and it has certain level of innova�on in it.  
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The final approach is the most flexible approach and here we will discuss that in no steps, there is any 
requirement for the volumetric requirements to be met. So, we will select the ini�al grada�on and the 
binder grade, we will conduct performance test at different binder contents.  

 

If it does sa�sfies the performance requirement, we will select the op�mum binder content using the 
performance test results, we will conduct the moisture sensi�vity test. If it does sa�sfy the moisture 
sensi�vity results, we will finalize the job mix formula. So, you see here know where we are talking about 
the volumetric requirements and therefore, this approach is more flexible and as highest degree of 
innova�on poten�al.  
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Though in India we are yet to adopt a performance based mix design approach in US, several dot's have a 
tried to implement the performance based mixed design approach many agencies have used different 
approaches, from approach A B C and D. So, this map it shows that which state has tried which type of 
approach.  

 

So, you will see that mostly approach A and B has been adopted by various state agencies and very few 
agencies for example, you see approach D only very few agencies have basically, tried this par�cular 
approach which is more flexible and it has a very high degree of flexibility and innova�on associated.  

 

You see if you talk about performance C, then again we have few state agencies here. And if you talk about 
approach B which is on performance op�miza�on, only one highway agency has tried this whereas 
approach A and B and approach A and D, A and D has been used again by one and approach A and B has 
been used by various other agencies which is marked here.  

 

Well, this just tells us that how we are progressing with �me and in the coming �me probably, if we have 
a proper specifica�on with us, most of the highway agencies are going to adopt it and probably in the 
coming �me in India. So, we are going to adopt a similar procedure for carrying out the balance mix design. 
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Talking about various factors which influence the balanced mix design, one of the most prominent I would 
say is the selec�on of the performance test. So, the NCHRP report has already iden�fied that what are the 
steps that are required to select any performance test suppose, we are trying to iden�fy a test method 
which will tell us about the ru�ng resistance of the mixture.  

 

So, the ques�on is which test method you will use, presently exis�ng there are various test methods which 
are conven�onally used probably as a part of Superpave mix design or in various research works, but, if 
you want to use it as a specifica�on, which test method are we going to use, so, let us say that tomorrow 
we want to develop a new method.  

 

So, what should be the steps that must be involved in selec�ng that par�cular test method. So, these are 
the steps I will quickly go through them just to have an understanding that we will we need to develop 
first dra� test method and prototype equipment.  

 

So, let us say we have some idea in mind that this test method is appropriate for quan�fying the ru�ng 
resistance or let us say fa�gue resistance. So, we develop or we manufacture the par�cular equipment. 
But in that equipment, we have to ensure that the when we carry out a test, the results are not subjected 
to high degree of variability and are not subjected to changes because of change in different parameters.  

 

So, we have to evaluate the sensi�vity of the equipment of the test method to materials and rela�onship 
to other lab proper�es. So, we have to see that how the test result is changing, let us say we are talking 
about wheel rut depth. So, if it is a ru�ng machine, wheel ru�ng machine, we have to see that the run 
depth is sensi�ve to which all parameters during the test, maybe the temperature at which we are doing 



the test, maybe the volumetric proper�es of the mixture may be the type of bitumen we are using or 
maybe the load which we are giving to carry out during the Windward tester and so, on. So, you have to 
iden�fy by doing a detailed research on the equipment that how sensi�ve the equipment is.  

 

Then we have to establish now this is one of the most important step that you have to establish the field 
performance rela�onship. Ul�mately the idea is the machine which we develop or the machine which we 
are using is being used to measure the resistance to a distress and this distress should be well correlated 
to the occurrence of distress in the field.  

 

Let us say I will give an example let us say we have pavements like A B and C, I am talking I am giving this 
example in terms of rut depth and these are placed in similar environmental condi�on and similar traffic 
condi�on because if you vary these condi�ons again the results can change. So, let us say the all the 
condi�ons remain same. And we found that the mix which is laid in Sec�on A shows a run depth of 12 mm 
a�er say 2 years or 3 years of in service period, this shows 15 mm, this shows probably 20 mm. So that, is 
just an example.  

 

So therefore, the test which I am doing in the lab, or the machine, which I am using in the lab, to do the 
test using the Mix as A B and C should give me similar rela�ve value of rut depth, and then only the results 
which I am seeing in the lab could be correlated to the observa�ons in the field.  

 

So, for any equipment, this is a very important aspect to be considered that the results using the 
equipment should be able to tell us or should be able to predict the occurrence of distress in the field. 
Then the other steps it includes that you have to refine the cri�cal aspect of the machine considering 
various other parameters in step 2 and 3, then you have to commercialize the equipment develop the 
specifica�on generate funding for purchase of this equipment.  

 

Then, this step 6 is also very important just to ensure repeatability just to gain more confidence on the use 
of this par�cular equipment. A round robin test can be done taking into considera�on different labs in the 
country similar samples could be sent and these samples could be subjected to tes�ng in different labs 
and then the results should be compared to see that what is the difference in the result which we get. So, 
a round robin test can be conducted. 

 

Then we have to go for valida�on check which means we have to take a field data. We have to take lab 
data and we have to see whether the results are in line with each other. Then we have to further go for 
training and cer�fica�on, this is about how to use the equipment, what are the parameters, how to use 
the data which is being generated and so on.  

 



And finally, it has to be implemented in prac�ce. So, this 9 steps it is a huge task to be done before we 
decide which equipment to be used to quan�fy a par�cular distress. So, any performance test we decide, 
it will depend on the loca�on or the region where you are doing the project and it will also depend on the 
occurrence of the cri�cal distresses. For example, the three cri�cal distresses which has been iden�fied 
even in the Napa report includes ru�ng, fa�gue cracking and moisture damage.  

 

Though the NCHRP report also talks about other forms of damage for example, in fa�gue cracking, we can 
have top down cracking we have botom up cracking, we also have thermal cracking and low temp or low 
temperature cracking and so on. So, these distresses have to be iden�fied and for each distress, we have 
to select an appropriate test method. 
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In the exis�ng literature you see, we have huge number of test methods which have been tried already in 
various researches already by various agencies. So, the ques�on is, which test should we used? Well, this 
has to be decided by the corresponding highway agency based on the experience with that par�cular 
equipment based on the correla�on with the field and lab data and based on the availability and the 
easiness with which the equipment can be operated.  

 

So, you can see for thermal cracking, we have these many tests that are available, they have their 
standardized using an AASHTO or ASTM specifica�on. For reflec�on cracking, we have for botom up 
cracking, for top down cracking, ru�ng, we have a number of tests Ma�as acceptability, we have a number 
of tests. If you see here, there are criteria’s available in many of the test methods and in many of the other 
test methods, we presently do not have any specifica�on criteria.  

 



So, we have to develop these criteria and we also have to select the appropriate test method, either from 
the exis�ng test procedures, which are already there, or probably we have to develop a completely new 
test method for quan�fica�on of any par�cular distress.  
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Well, this is again a map taken from the reports just to show you that for example, ru�ng for example, if 
you talk about Hamburg wheel rut tester, so all the state agency marked in purple, they are presently using 
Hamburg wheel rut tester. All the agencies marked in the blue color, they are using an asphalt pavement 
analyzer for quan�fica�on of ru�ng in the mix design process.  

 

So, you see in the same country, different states are adop�ng different test for quan�fica�on of similar 
type of distresses. So, again, some specifica�ons should be developed, so that some universal tests can be 
used and the results can be compared from state to state.  

 

Similarly, in the cracking, we have too many tests available here, you can see for example, ideal ci�es being 
used by states which are marked in green color here. Some of the agencies they use for example, let us 
say Scb test, the one in purple, which is marked here, the semicircular, beam test is being used, and so on. 
It depends on which highway agencies adop�ng which test method and then corresponding specifica�ons 
are going to change.  

 

Some of the examples of establishing like once we decide which equipment we have to use, then we have 
to establish limi�ng criteria. For example, if you are using a Hamburg, wheel rut tester, then what are the 
parameters, the temperature, so, you have to fix the temperature at which you are going to do the test 
you have to fix whether you are going to look at the number of load cycles to achieve a par�cular depth 
or are you looking at the right depth a�er a par�cular number of cycles.  



 

So, these parameters of the test method has to be fixed and then you have to generate criteria for example, 
if you say it a�er 8000 cycles, I will compare the rut depth in the bituminous mixture. So, you have to now 
establish that what is acceptable; a�er 8000 cycles greater than 10 mm rut depth is that acceptable for 
the mix? A�er 8000 cycles, less than 5 mm rut depth is that acceptable to the mix or what is the actual 
criteria?  
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So, this is for example, a data taken from different states in the US that uses asphalt pavement tester for 
quan�fica�on of ru�ng and you see for example, in Alabama, we have for 10 to 30 million standard axial, 
this is the criteria that at 67 degrees Celsius, the maximum rut depth which is permissible a�er 8000 cycle 
is 4.5 mm.  

 

For example, if you see North Carolina, then the rut depth itself is a func�on of the nominal maximum 
aggregate size. Let us see for 9.5 mm, you see 9.5 mm they have mul�ple criteria for less than 0.3 MSA 
loading between 0.3 to 3 MSA from 3 to 30 MSA and also for more than 30 MSA. So, depending on the 
traffic level, they have decided what should be the limi�ng rut depth a�er 8000 cycles at the PG high 
temperature. So, again, these specifica�ons depends on the highway agency with the valida�on which 
they have already carried out.  

 

So, similarly, some specifica�ons or criteria are required. Again this is an example, which shows how the 
overlay test criteria is used for quan�fica�on of cracking in different states for example, you see in Texas 
they will look first at the cycles to failure and then they have said that for a hot in place we cycle mix at 
least 150 cycles should be taken by the sample before failure.  

 



Similarly, for thin overlay mix the minimum cycles is 300 and so, on. So, again this criteria needs to be set 
up and the criteria can be put in this par�cular format that for different levels of traffic what is the criteria 
and this criteria should also clearly men�oned that what is the equipment we are using what are the 
parameters in the equipment to be used these parameters may include loading, cycles, test temperature 
and so on. So, all the things should be fixed and then this criteria should be established.  

 

Since, we are also doing a project in India which is on ballast mix design. So, here is an idea put forward 
by us and this idea came up a�er discussing with different colleagues here in India and also reading the 
available literature's and also a�er discussion with the research team.  

 

So, this is an idea which I am just going to present here, which tells us that how do we select the ru�ng 
criteria let us say, if I want to produce a mix, which will have high resistance to ra�ng, so, how to develop 
the criteria.  
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So, first I have to select the aggregate grada�on and the asphalt binder, let us say I have selected an 
aggregate grada�on and I have selected an asphalt binder. And I have prepared for different mixes, which 
means, maybe if I am fixing the asphalt binder and the binder content, maybe I am wearing the aggregate 
grada�on list let us say I have four dis�nct types of mixes available with me, I can use this combina�on to 
produce lab mixes, but not necessarily lab mixes will be always similar to the plant produce mixes.  

 

So, our sugges�on is that we should parallelly look at the plant produced mix also because it is the plant 
produce mix which is going to be laid in the field which is going to be compacted. So, that will give me a 
more appropriate indica�on about the actual mix which is being produced.  

 



Now, in order to handle this lab and plant produce mix again there is some idea which can be used. So, 
the plant produce mix is laid in the field. So, we have 4 different mixtures, let us say we are laying this 4 
different mixtures in 4 different loca�ons. So, we should have some test sec�ons before we develop the 
performance of the balance mix design.  

 

So, we are laying the mix at four different loca�ons. And I am assuming mostly all they have the same 
environmental factors maybe they are laid at the at similar loca�on one a�er another. So, let us say the 
loca�ons are A B, C and D. Now, we have the lab produce mix, we have the plant produce mix, we will 
compact them a�er subjec�ng the mix to short term aging.  

 

Now, this is also very important because when we open the our pavement to traffic the mix is already 
subjected to short term aging. So it is beter to analyze the short term age specimens, then only the Virgin 
specimens so compact a�er a short term aging then I will perform a test now selec�on of the test we can 
either develop a new test method or let us say I am selec�ng a test method which are already available.  

 

So, I am using a Hamburg wheel rut test for quan�fica�on of ru�ng I have to fix at what temperature I am 
going to do these tests. So, let us say I am taking 60 degrees Celsius. So, this is the standard temperature 
at which I will perform the test or this temperature can also be the maximum temperature which is 
an�cipated in that par�cular project loca�on. So, 60 degrees Celsius is assumed as maximum temperature 
for tropical climates.  

 

So, this I am fixing for this par�cular analysis. Now I have to quan�fy the performance. So what I am doing, 
I have the lab and planted use mixes, I am carrying out the wheel rut test on it, and I am observing the rut 
depth a�er 10,000 load cycles, so I am fixing the load cycle I am not varying it. I will stop the test a�er 
10,000 load cycles. So, a�er 10,000 load cycles, I will observe the rut depth, alterna�vely what I can do, I 
can fix the rut depth, let us say I will stop when the sample has undergone 10 mm rut depth and I will note 
down the number of load cycles. So, either of the 2, I can do.  

 

Now, I have to see whether the lab produce mix and the plant produce mix, are they giving the same result 
using the Hamburg wheel rut tester. If the results are not same, then we can establish a rela�onship, we 
can establish a rela�onship between plant and field if the results do not match, so, this will act as a 
correc�on factor in the future for the lab produced mix.  

 

So, establish rela�onship for example, X mm rut depth in the plant is equal to Y mm rut depth in the lab. 
So, this is just a correc�on factor between lab and plant produced mixes. Once I have that, then the one 
which is laid in the field, I will observe the pavement for some �me. So, I will see the rut depth at all the 
loca�ons basically it should be at all the loca�ons a�er some Z number of standard axial load repe��on. 



So, I also have to ensure that when I am comparing these mixes, they have been subjected to similar level 
of loading.  

 

So, let us say, all the mixes have been subjected to 3 MSA or 2 MSA of loading and then I am looking at the 
rut depth in the mix. So, I will look at the rut depth of in the field and I will compare and establish the limit. 
So, these this is the limit of obtaining the lab and this is the rut depth op�on in the field and I will develop 
a correla�on and then I will iden�fy the specifica�on limit.  

 

For example, let us say loca�on A and B performed well and show the rut depth of 3 mm a�er Z number 
of standard axial load repe��on, let us say loca�on C and D showed poor performance with 12 mm rut 
depth a�er Z number of load repe��on. So, a�er that number of nodes repe��on A and B are showing a 
rut depth of around 3 to 4 mm. Let us say and C and D are showing a rut depth of around 10 to 12 mm let 
us say.  

 

Then I will see that what were the lab results for the mixes A, B, C and D, if A and B are showing lower rut 
depth, in the field they should also show lower rut depth or maybe high resistance to ru�ng in the lab, 
this is what I am expec�ng, but I will get a different value maybe I am seeing if the rut depth a�er 10,000 
load cycle it will not be 3 mm, it will be some other value.  

 

So, I will look at that par�cular value. That good mixes when we have good mixes in the field, what is the 
corresponding ru�ng value in the lab. So using that what should be the limits for lab mix design so this is 
what I am going to develop for mixes in the field showing 12 mm rut depth, what is the level of rut depth 
in the lab for that par�cular mix.  

 

For example, a�er 10,000 cycle in rut tester, the rut depth if less than 5 mm will perform well maybe the 
mixes which are shown 3 mm ra�ng have shown 5 mm ru�ng in the lab, but they are good mixes. So, I 
will set the limit to 5 mm I will say that if your mix is having 5 mm of ro�ng at 60 degrees Celsius a�er 
10,000 Roll reputa�on in the lab that mix is going to perform sa�sfactorily in the field and so you have to 
produce a mix which sa�sfies this par�cular criteria.  

 

So, I hope this idea is clear to you. And similar idea can be generated for fa�gue cracking also, but an 
important point here is that we need field samples as well, we need either samples whose performance 
are known from different surveys from different extracted samples or probably we have to make new test 
sec�ons to and then monitor the performance over a period of �me before this rela�on between lab and 
field can be made and finally the performance criteria’s can be developed. 

 



So with this I will end here today. I hope that the concept on the approaches and the concepts related to 
performance based mix design is clear to you and we will now meet in the next presenta�on which will be 
our last topic to discuss and which is on the characteriza�on of bituminous mixtures. Thank you.  

 

 

 

 


