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Hello everyone, welcome back.  
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If you remember that in the last class we started discussing about aggregate classifica�on and the 
grada�on of Aggregates. And we discussed about the maximum density line and how the maximum 
density line can be produced and how the grada�on when varied about the maximum density line looks 
like. So, today, we will con�nue our discussion on the same topic and we will start discussing about the 
blending of Aggregates.  
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Try to understand it in this way that what happens in plant. If you remember we discussed in plant we 
have stock piles, now these stock piles are frac�onated which means one stockpile will have let us say 
Aggregates ranging from A to B size only. Another stockpile can have finer Aggregates from C to D, so 
different stock piles have different ranges of a narrow-sized aggregate. They themselves are not individual 
grada�ons which can be directly used in construc�on or making the mix. So, in plant these stock piles of 
different sizes needs to be mixed together or Blended together in such a way that we achieve the desired 
grada�on and what is the desired grada�on the one which the highway agency provides us.  

 

So, let us say you have plant you have different stockpiles 1 2 3 and 4 or 5 or 1 2 3 and these individual 
stockpiles have their own sieve size distribu�on is not it. Say you have three stock piles A B and C so 
stockpile A has this sieve size distribu�on B has this sieve size distribu�on C has this sieve size distribu�on 
so all these stock piles have their own sieve size distribu�ons. But these distribu�ons are not directly used 
as the Final Mix is not it. We have to decide that in what propor�on should we mix a b and c such that the 
resul�ng grada�on sa�sfies the desired criteria.  

 

And what is the desired criteria the criteria is the one which the highway agency is providing us with the 
upper bound and the lower bound limits all right. So, of course if you talk mathema�cally there can be 
various ways of mixing A B and C to meet the band criteria so this aggregate band or the grada�on band 
it is an area so you can have mul�ple curves passing through the area which are produced through the 
same stock piles same set of stockpiles but mixed in different propor�ons all right. So, again we have 
another important ques�on here that which is the best combina�on of A B and C such that it sa�sfies the 
desired criteria.  

 

So, there are two ques�on one is in how many ways can I mix A B and C so that I am within the grada�on 
band. And let us say there are thousand different ways in which I can mix A B and C and s�ll be within the 



grada�on band then the next ques�on is which is the best solu�on out of these thousand number of 
solu�ons. Now, importantly you have to also note it is also possible that irrespec�ve of any combina�on 
of A B and C you never sa�sfy the desired grada�on maybe the stockpiles which you have some sizes 
missing which are required in the actual final grada�on.  

 

In that case what we have to do we have to change one or two stock piles so that we have sufficient op�ons 
available or at least one op�on available the mixing of which will give us a final grada�on which is within 
the grada�on band or the desired grada�on band. So, before I tell you about the blending part let us see 
the blending calcula�on what do I mean by mixing this stock piles and what do I mean by the final 
grada�on using this stock piles.  
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Let us say you have these standard sieves here I have taken another grada�on having a different set of 
sieves here ranging from 37.5 to 75 micron. Let us say you have the first stock pile and you did the sieve 
size analysis of the stockpile you calculated the percentage passing corresponding to different sieve sizes 
and you got these values.  

 

So, I think it has moved litle up and down so anyways let us say you got these values. Let us say you have 
another stock pile B, B has its own seat size distribu�on again you have another stockpile C and C also has 
its own aggregate distribu�on you have stockpile D and D has its own aggregate grada�on here just to 
inform you. For example, A looks like a coarse aggregate grada�on B is also a core segregate grada�on this 
is a medium aggregate grada�on refine aggregate grada�on this is also fine because you can see you have 
material on the lower side also so maybe this is a filler or material you know passing 4.75 mm sieve.  

 

So, now the ques�on is that you have to mix A B C and D and let us say the propor�on which we have 
decided is 40 percent A 5 percent B 15 percent C and 40 percent D. Now, please remember we have not 
discussed how to decide this propor�on we are just discussing about the calcula�on. So, let us say using 
some process we have decided the propor�on of Aggregates to be used and these are 40 percent A 5 
percent B 15 percent of C and 40 percent of D and remember that the summa�on should always be 100 
percent because this is a propor�oning which we are doing. By mixing these stock piles what will be the 
percentage passing 37.5. So, 37.5 will be 0.4 × 100 + 0.05 ×100 + 0.15 × 100 + 0.4 × 100.  

 

So, I am mul�plying individual propor�ons which I have writen here with the corresponding percentage 
passing that par�cular sieve. So, for example if you want to calculate for let us say this one for 13.2 the 
combined grada�on will be 0.4 × 18.99 + 0.05 × 0 + 0.15 × 100 + 0.4 × 100 and so on. So, corresponding 
to each sieve I am mul�plying the propor�on of the stockpile with the corresponding percentage passing 
that size all right.  

 

And I am summing it across different stockpiles so I get my percentage passing final Blend. And this is how 
I know that what will be the grada�on if I mix these stockpiles in this propor�on I change the propor�on 
the values will change all right I change the propor�on the value will change again.  

 

So, in this example which I have chosen this is the graph which is obtained so you see you have upper 
bound lower bound given by the ministry. And this doted line shows this grada�on which means that this 
propor�on which I have selected is good enough to be selected because my grada�on falls under the 
grada�on band.  

 

But again, an important point to note here is that we can have several other combina�on of propor�on I 
can have a propor�on maybe which will look something like this s�ll within the grada�on band but a 
different propor�on. I can have another propor�on say which will look something like this all right s�ll 



within the band. So, now the ques�on is how do you find that which combina�on will at least sa�sfy the 
criteria.   
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So, here comes the ques�on of aggregate propor�oning. Now the common methods that are used for 
aggregate propor�oning which is in what propor�on should I mix this stockpile to sa�sfy a my grada�on 
criteria. There are various methods like triangula�on, Rothfuch balanced area method, trial and error 
method there are least Square theories and many more. But usually in prac�ce we mostly use the trial and 
error method because this is more convenient in nature. With some experience by looking at the individual 
grada�on we can have a good start of aggregate propor�ons to see whether the combina�on is sa�sfying 
the criteria.  



 

We can use a simple excel sheet and make a simple preprogrammed sheet and just by changing the values 
we can see whether the combina�on or the propor�on is sa�sfying the grada�on criteria. But again, trial 
and error method can be too much itera�ve and most importantly we will be able to find the combina�on 
which sa�sfies the grada�on but it will not tell us about the number of possible solu�on which I just 
explained you in the last slide. Let us say this is through trial and error so I was able to achieve but what 
about another grada�on something like this for this what will be that propor�on of each stockpile which I 
have to select.  

 

So, some�mes the designer might be interested to know how many possible solu�ons are there with the 
given stock piles to arrive at the grada�on band all right how many possible solu�ons are actually there. 
We have recently developed a simple program which is called a simple tool for aggregate blending I will 
just try to give you an very brief idea about the theory which is very easy to understand which we have 
used to create the program which will tell us about the total number of integer Solu�ons of mixing the 
different stockpiles to sa�sfy the grada�on criteria.  

 

Here what we do in the background first we create a space of calcula�ons you can say of blending different 
stockpiles. For example, if you have two stock piles how many ways you can blend it you can blend it let 
us say you can take the first stockpile as 90 the second stockpile is 10 then 10, 90 you can have 99,1.  1, 99 
and remember I am talking only about integer Solu�ons of blending the stockpiles so that the summa�on 
is 100. I am just trying to find in how many possible ways these two stock piles can be added such that the 
summa�on is hundred all right.  

 

So, I can create a space for this solu�on if we have three stock piles of course the number of solu�ons will 
increase I can have an op�ons like (0, 0, 100), (100, 0, 0), (0, 100, 0), (99, 1, 0) and so on so many different 
solu�ons so mathema�cally it is possible to know how many such solu�ons are possible it is basically (100 
+ N – 1) or (N-1) and you can easily create a program to create this data of solu�ons based on the number 
of stockpiles in ques�ons. So, here what we did we created this database for maximum five number of 
stock piles because beyond five number the number of solu�on is so large that it takes much �me for the 
program to run.  

 

Typically, the number of stock piles which are used in prac�ce is always less than or equal to five so we 
restricted our program to blending up to maximum five number of stockpiles. And then you have so many 
solu�ons then you run its Solu�on on the actual grada�ons of individual stockpile and you see that mixing 
90 percent of A and 10 percent of B what is the value corresponding to its shi� size. And then you compare 
whether the solu�on which you are ge�ng falls within the band or not.  

 



The next step involves a search algorithm a�er doing the analysis and then based on the search algorithm 
you sort the solu�ons which sa�sfy the grada�on brand criteria. And these sorted solu�ons will be the 
total number of solu�ons which you are looking for all right. And then in the same program we also have 
an op�on where you can find the solu�on which is closest to the midpoint grada�on all right. So, here we 
have just used the least square technique and we have calculated the error for all the solu�ons and the 
solu�on giving the minimum error corresponding to the mid-size grada�on will again pop up as a separate 
solu�on which you can see.  
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The front page when we open the so�ware will look something like this which you are seeing on the right 
side of the screen. We will be looking at this so�ware once we solve a problem using stab and then I will 
try to explain different interfaces and different pages which come and how to you know give the inputs to 
use this so�ware for solving the problem of blending.  
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So, let me first outline this problem for you so we are going to see the grada�on DBM 2 as per Ministry of 
Road Transport and highways. And let us say that these are the stock piles which we are using to solve the 
problem. Here we have four stockpiles A B C and D each stock pile has been separately sieved and the 
person passing has been calculated corresponding to different sizes of the sieve. And which you see here 
that these are the sieve sizes which are standard and then corresponding to each sieve size we also have 
percentage passing all right.  

 

And now for example you see stockpile A is a core stockpile as you can see that below 13.2 we do not have 
any aggregate passing in this par�cular stock pile. Similarly, stockpile B is also a core stockpile and then C 
and D are rela�vely finer stockpiles. And the lower bound and the upper bound limits of DBM 2 is shown 
here. We will also use this as an input when we are trying to solve the blending problem.   
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Let me very quickly go to the so�ware now so I hope you are able to see the folders opening so you see 
that once we open it we will click on this applica�on files tab. We will just double click it to start the 
program and this is what you see all right. So, it says simple tool for aggregate blending get solu�ons in 
three easy steps what are these steps we have to define stockpiles and sieves.  

 

We have to enter sieve parameters and corresponding stockpile values and finally we will get the solu�on 
and we will also get something which is called as a best solu�on which I have already described previously 
like how this best solu�on is defined in this par�cular so�ware. So, just to men�on that this so�ware 
which you are seeing in the present form has been developed by a group of undergraduate students from 
the Civil Engineering Department of IIT Roorkee.   
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So, now let us start this par�cular so�ware will click on start and it says that you have to first select the 
sieve grada�on. Now since we have developed this so�ware more specifically for the corresponding to 
Indian specifica�ons, we already have given certain standard mixtures as an input here. So, that we do not 
have to manually enter the lower bound and the upper bound limit again and again. So, these grada�ons 
include BC SMA DBM we also have for concrete mixtures PQC DLC and granular layer we have WMM. So, 
these are some standard grada�ons which have been already included here.  

 

If you are trying to use stab for another grada�on for another standard grada�on or any other grada�on 
we will select the op�on other as you are seeing on the screen. Else we will select the op�on which we 
have already decided in our case it is DBM 26.5 mm. Number of stock piles as you already saw is equal to 
4 so we are selec�ng 4 here you see that we do not have any op�on to change the number of sieves as we 



have selected the standard grada�on. So, the number of sieves has been logged here. If you select other 
then you will also have an op�on to input the number of sieves in the standard grada�on which you are 
targe�ng.  

 

Enter the values of sieve so here you have two op�ons either you can enter the value of weight of 
Aggregates retained on each sieve in different stock piles or you also have an op�on to just enter the 
number as percentage passing. In this case since we have already done the analysis on the individual 
stockpiles and we have evaluated percent passing as I showed you in the presenta�on. So, we are selec�ng 
here by percentage and then we will move to calculate.   
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Here you see that corresponding to different shi� sizes the lower bound and the upper bound limit have 
been fixed because we have selected the standard grada�on. And now the op�on appears that we have 
to enter the percentage passing corresponding to different sieves in each stock pile. So, let us do that in 
stockpile 1 we had the values as a 100 and 100 again 71.37 18.99 and then the finer Aggregates are not 
present in this par�cular stockpile. Similarly, we will enter the percentage passing for stockpile 2, now we 
move to stockpile 3. Before we move to the next step let me just tell you what we have done here we have 
entered these values which you are seeing on this screen all right so these values we have entered.  

 

Let us now go back to the so�ware and let us go to the next step. So, now a�er entering all the values we 
will just click on calculate and you see that the so�ware gives the result in a frac�on of seconds. You see 
that the number of possible solu�ons here using these stockpiles counts to 11626 which means there are 



11,626 possible ways of blending stockpile 1 2 3 and 4. So, that we fall within the grada�on band that is 
within the lower bound and the upper bound limits. Which you are also seeing graphically the orange line 
and the blue line indicates the upper bound and the lower bound values and the green line which you are 
seeing it shows the best solu�on.  

 

Now, this best solu�on has been defined corresponding to the mid grada�on of the standard band so this 
is the solu�on which is closest to the mid grada�on all right. And what is that combina�on stock 28 percent 
of stockpile 1, 9 percent of stockpile 2, 23 percent from stockpile 3 and 40 percent from stockpile 4. So, if 
you select this percentage from each stockpile and blend them together you will be able to see the 
resul�ng radia�on will be the green line which you are seeing on the graph.  

 

Here we also have an op�on of first saving all these Solu�ons so you see there is an op�on save report. 
So, if you save the report it will generate a DOT CSV file so in in an excel form you will be able to see the 
solu�ons and if any designer wish to choose any other solu�on for this par�cular example or for the design 
he will be free to do so. In the filter solu�on op�ons what we can do we can fix this stock pile and then we 
can you know see the solu�ons corresponding to the fixed stockpile. Let us say we want to fix the stock 
pile 1 to 30 percent and we want to see that what are the other op�ons available.  
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So, we will click filter Solu�ons here so I will fix this stockpile 1 to 30 I will just input the value 30. And I will 
click filter by fixing a�er we select that we have now 318 op�ons available which means there are 318 
possible ways where 30 percent of stockpile one can be taken and the percentage of other stockpiles will 
be varied so that we are within the standard grada�on range. And again, here you are seeing a best 
solu�on again closest to the mid where you see that the solu�on is 30 percent of stockpile 1, 8 percent 
stockpile 2, 22 percent stockpile 3 and 40 percent of stockpile 4.  

 

I hope that this is very clear to you that how we are using STAB and how we are able to get more 
informa�on about blending of stockpiles about fixing some of the stockpiles it can be a single stockpile or 
mul�ple stock pile. And you know we have various op�ons of selec�ng the blend so that we are able to 
do the blending. So, we will stop here today and I hope that this lecture was useful for understanding the 
propor�oning of stock Pines and aggregate blending. And in the next class we will start discussing about 
mineralogy of Aggregates. Thank you. 


