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Introduction: 

 

I just remember those words from my previous boss when I started working for Argos, the 

leader in the Colombian cement and concrete industry; “anybody can make concrete….. 

you just need cement, stone, sand, water and a bucket with a shovel to mix it”. This words 

are especially true in the third world countries, where the labor cost is so low, that for 

construction companies is cheaper to “handmade” their own concrete on the work place, 

than buy the ready mix from a concrete distributor.  

The two main costs of the ready mix concrete are the raw materials such as the cement, 

stone and sand (which can be more than 70% of the total cost), and the distribution costs. 

Since the costs of the raw materials are almost fixed, the planning and logistics department 

of the concrete business has to work on the optimization of the distribution, which one of 

the few costs that we can be minimize in order to achieve higher profits. To optimize the 

distributions costs, our plants (factories) should be as close as possible to our actual and 

potential clients, so that we can distribute more concrete using an smaller amount of 

resources, such us the mixer trucks, fuel, tires, just to name a few.  

The purpose of this paper is to show how the application of some methods of linear 

programming can be extremely helpful to determine the ideal location of concrete dispatch 

plants in big cities, based on the forecast of the location of the market in the future, the 



creation of theoretical times curves from possible plants locations to the market’s position, 

and the legislation of the city that tell us where we are allow to open a new concrete 

factory. 

Problem description: 

As we mentioned on the introduction, one of the main problems for the logistics planning 

department in a concrete company is to determine the ideal location of the production 

plants in order to minimize the distributions costs. In the particular case of Concrete Argos, 

we have been developing some computational tools that help this decision process, based 

on the information that we have access to, such as the historical location of the market 

(with this we can make a good approach to forecast the market location in the future; as 

shown in Figure 1) , the actual production capacities of the different existing plants and the 

regulation laws for the use of the land (see Figure 2). Also we have developed a small 

complementary program to generate the theoretical time curves from a given point of the 

map, to all the others locations, based on the speed constraints given by the roads and 

topography of the city that we are analyzing (see Figure 3). 

 

 
Figure 1 Historical market location for Bogotá 



 

 
Figure 2 Land usage according to the law 

 
 

 
Figure 3 Time curves from the actual plants 

 

 

Solution for the problem: 

Our approach for the solution of problem can be explain in the box diagram from Figure 4, 

which has the inputs of the location of the market, the allowed locations to build a plant, all 



the possible time curves for the actual and possible future plants and de production 

capacities.  

 

 
Figure 4 Black box Diagram 

 

 

From this input variables we get some preliminary results based on the scenarios that we 

ask the program to simulate, and after we have simulate all the different scenarios we can 

compare them to see which one is the best solution. We can say that the linear 

programming remains in the first process (the simulation of the scenarios), since the second 

one is made by other areas of the company that analyze the value of the land, the ROI of the 

project, and so on. Thus, our main goal is to tell them what is the best scenarios, and how 

much time can they save in every one of those in comparison to the actual situation (based 

on some distribution costs that we have for the different cities we can convert those minutes 

into money for the financial analysis). 

Therefore, the simulation of each scenario (including the actual situation) is going to find 

the ideal supply for the demand of market given the fixed locations and capacities of the 

plants…. just like the transportation problem that we saw on homework #5. In the next 

formula we can see the numerical formulation of our particular transportation problem. 



 
 

 
As you could see on the previous formulas, the upper limits for the summations are fixed, 

and this is because of the software that we used to solve the model. We decided to use 

Microsoft Excel (with the solver complement) because almost all the computers in the 

company have it, so beyond the fact that did not have to pay an extra license to use 

different software, anybody who wanted to use it in their computer could make their own 

simulations. Unfortunately the bad side of using this software is that it has some 

restrictions, and one of it are the maximum number of variables that you can use (you can 

use at most 200 variables), so we decided to limit the program to make analysis with at 

most 8 different plants (today the city that has most plants in our country has 4) and the 25 



most representative squares (the 25 with the highest concrete volume), so that is the reason 

of the upper bounds of the summations of 8 for the plants variables and 25 for the squares 

variables. 

Even though the Excel file has a lot of worksheets, the heart of the program remains in the 

worksheet named “SOLUCION”, that is where we call the Excel solver application to find 

the optimal values for the “X” matrix. In Figure 5 we can see the structure of this sheet; 

recalling from the previous formulas, the matrix in blue correspond to the “C” matrix, the 

red one is the vector “b1”, the orange one is the “b2” vector, the green one is the “X” 

matrix, and finally the yellow highlighted is the final value of the objective function (Z). 

 

 
Figure 5 Worksheet solution where the transportation problem is solved 

 
 



Conclusions: 

Even though this model is not perfect and is based on some assumptions that are not 

completely accurate in the real world (such as the assumption that theoretical time curves 

are the same during whole day, or that the location of the market will follow a patter based 

on the historical location of the dispatches), this kind of approach give us very valuable 

information that can be crucial on a decision making process (just the raw picture of the 

location of the market on a map where you can point the locations of your factories is too 

good to see if we are located where we should be). 

As long as the information systems in the companies keep getting stronger with more 

reliable information that reflects the real conditions of every single unit of the business as 

an individual entity (specially the costs of every single plant independently, that are one of 

the main inputs for this kind of problems), we will be able to apply more sophisticated 

models, like the ones that we saw on lecture 18 of the curse about integer linear programs 

(ILP), which can tell you the final answer without you having to propose some solutions for 

the model.  

Also, because of the restriction of the number of variables that the software can handle, it 

should be important to analyze the possibility of migrate to a more powerful package that 

will give us the flexibility to work with more variables and more constraints that will be 

crucial for ILP models.  

 

 

 


