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Abstract : Rehabilitation (restoration) of cement concrete pavements raises a number of problems for 

road engineers because of the rigidity of the structure. Solutions used generally fall into two categories: 

one which implies milling the concrete tiles (recycling them) and another solution which involves covering 

the existing pavement  with asphalt road systems that behave well under traffic. 

This article aims to provide a multi-criteria analysis method regarding the choice of intervention in such 

sectors. 

The analysis will take into account three elements: 

 - the cost 

 - the degree of pollution of the technology that will be used 
 - the duration of execution 

Each criterion will be graded according to an established algorithm  and a ranking of the possible solutions will 

be made, based on this score. 
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Introduction 

 

Cement concrete pavements were very frequently used between 1970 and 1980. This was 

due to the following reasons: 

 - the abundance of natural resources throughout Romania ( aggregate and cement)  

 - the lifespan of rigid pavements is higher with approximately 10 years than the elastic ones. 

 - the production of cement concrete pavements was less polluting and less expensive than the 

asphalt pavements. 

The structure of cement concrete pavement is much simpler than that of the asphalt 

because it has only the foundation layer, made of granular material, on top of wich cement  

concrete is applied in one or two layers depending on the thickness of the concrete road. 

Between 1995 and 2010 the lifespan of many road sectors had expired (more than 25 years 

have passed since  they’ve been built). In these conditions, with the upcoming road 

rehabilitation programs, the matter of repairing them was raised. However,  rehabilitating 

these areas proved to be quite difficult. The rigid system could  be replaced, reinforced with a 

rigid system, turned into a semi-rigid pavement, or reinforced with asphalt layers after taking 

special measures to reduce tensions and deformations at the base of the asphalt layers so that 

they dont exceed the allowed values. The frequently used solutions are: 

A. milling the concrete tiles and integrating the milled material into the foundation then 

spreading the other layers as resulted from the calculus of the road structure; 

B. Repairing the damaged tiles (including their replacement if necessary) and the joints 

between the tiles, applying a geocomposite material that improves the strain and 

fatigue behavior of asphalt mixtures and laying the asphalt coating. 
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C. Loosening the tiles ( micro-fissuring the concrete), laying a layer of granular material 

with the role of preventing the transmission of cracks and spreading the asphalt layers 

as resulted from the calculus of the road structure. 

The designing engineer and especially the recipient, are faced with deciding which of the 

three solutions is more effective. Governmental Decision HG 28/2008 requires to compare at 

least two solutions for rehabilitation and the designing engineer must sustain the most 

advantageous. As a consequence of this fact the article aims to provide a method of 

determining the most effective intervention solutions based on multi-criteria analysis. On one 

hand the method will ease the burden on the engineer in supporting the solution and on the 

other hand the comparison will help convince the recipient that he has chosen the best 

solution. 

 

THEORETICAL PRESENTATION 

The theoretical presentation and the case analysis will consider the following multi-

criteria analysis items:                                                                                                                              

The cost                                                                                                                                     - 

The environmental impact                                                                                                              

The duration of the execution 

Each criterion will be awarded 0 to 100 points and then it will be graded according to its 

importance in investment economics. Further the scoring for each criterion will be presented: 

Cost 

This criterion was chosen because it reflects the investment effort, by giving at the same 

time the cost amount for each analyzed alternative. The cost of execution will be determined 

for each possible solution per square meter and then it will be graded according to the 

following relationship (1): 

 100
ioption

min

Cost

Cost
                                            (1)

       

The environmental impact 

The following criteria have been considered for the comparative analysis of the studied 

options: 

1. Quality of the air during the execution                                                                                    

2. Noise level                                                                                                                                     

3. Surface water 

1. Quality of the air 

The criterion takes into account dust emissions depending on the technology of execution. 

The factor has to be considered because some road sections are crossing urban areas. Some 

other pollution sources are the hazards of hot asphalt. The latter are but inevitable for any 

chosen option, however their effect on the quality of air is a minor one because the emission 

are of short duration. 

2.   Noise Level 

This item quantifies noise pollution of execution technologies. Besides the noise of the 

machinery this point should also include the vibrations that are produced during the road 

rehabilitation and their effect on surrounding buildings. 
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3.  Surface water   

Surface water, due to rain, will be collected in the designed ditches and will be led to an 

emissary. These measures have to be taken in order to avoid the presence of water in the road 

area that would otherwise favor the emergence of  holes during freeze-defreeze times and 

poor adhesion to the road surface. 

The quantification of the environmental impact was made using a notation scale, from “-3” to 

“+3”, for each criterion as follows: 

- “-3” - important negative impact which requires redesigning or giving up the project;          

- “-2” - important negative impact which can be minimized by taking adequate measures;      

- “-1” - less important negative impact;                                                                                          

“0” - no impact whatsoever ;                                                                                                     

- “+1” - reduced positive impact;                                                                                                      

- “+2” - important positive impact;                                                                                                                   

- “+3” - very important positive impact; 

In the end, the marks for all criteria will be counted and the option’s mark will be obtained. 

The score for each option will be calculated as follows:                                                              

- 0 when the sum of the marks is less than “-10”, (the sum of the marks +10) x5 when the sum 

of the marks is between “-10” and “10” and 100 for the marks summing more or equal to 10. 

The duration of execution 

This criterion will evaluate the speed of execution, with direct influence over when the traffic 

can be resumed. The score will be the ratio between minimum time for rehabilitation of a 

square meter (Tpmin) and current time  in another variant  (Tpcurrent) (2). 

 100min 
currentTp

Tp
                                                                                                               (2) 

 

Application 

Considering the above facts the three rehabilitation solutions are compared in order to 

establish the best option for intervention. 

Cost 

Solution A 

Milling                        m
2
    1          - 50 RON                                                                                       

Crushed stone             m
3
    0.2       - 20 RON                                                                                         

Base course                 tons  0.144   - 36 RON                                                                           

Surface course             tons  0. 096  - 24 RON                                                                                            

Total for solution A                  130 RON/m
2 

  

  Solution B 

Repairing the 

tile          m
2
        

0.15     - 15 

RON                                                                                                  

Geocomposit                

m
2
       1,05     - 

16 RON                                                                                                 

 Base course                  tons     0.144   - 36 RON                                                                                                          

4.Milling

3.Crushed Stone

2.Base course

1.Surface Course

4.Repairing

   the tile

3.Geocomposit

2.Base course

1.Surface Course
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    Surface course             tons     0. 096  - 24 RON                                                                                              

           Total for solution B                           91 RON/m
2
  

            

     Solution C 

Loosening the tile      m
2
     1          -  8 RON                                                                              

Crushed stone            m
3
     0,2       - 20 RON                                                                                             

Base course               tons   0.144   - 36 RON                                                                                           

  Surface course           tons   0. 096  - 24 RON                                                                            

       Total for solution C                     88 RON/m
2
  

 

The score for these criteria is presented in table 1.  
                                                                                                                   Table 1  

Criterion 

 Score Percentage % 

Option 

A 

Option 

B 

Option 

C 

% Option 

A 

Option 

B 

Option 

C 

Cost 67,7 96,7 100 33.33 22,34 31,91 33,33 

 

The Environmental Impact Quantification 

Solution A : High noise pollution and air pollution due to dust emanating from milling.             

Solution B : Reduced air and noise pollution. 

Solution C : Reduced air pollution, but high noise pollution. 

In each of the three solutions surface water is properly disposed of. The score of the criterion 

is presented in table 2. 
                                                                                                                           Table 2 

Criterion 
Option 

A 

Option 

B 

Option 

C 

1. quality of the air  -3 1 1 

2. noise level -3 1 -1 

4. surface water  3 3 3 

TOTAL -3 5 3 

TOTAL SCORE 35 75 65 

 

The duration of execution 

Solution A : The time for road milling and spreading of layers.  

Solution B : High duration of execution because of concrete strenghtening time.                                

Solution C : The duration of execution is very rapid and practically only the time necessary 

for spreading the pavement layers is taken into account. 
                                                                                                                                                   Table 3 

Criterion 

 Score Percentage % 

Option 

A 

Option 

B 

Option 

C 

% Option 

A 

Option 

B 

Option 

C 

Duration of 

execution 

50 14.28 100 33.34 16,67 4.71 33.34 

 

4.Loosening

   the tile

3.Crushed Stone

2.Base course

1.Surface Course
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Final score 
                                                                                                         Table 4 

Criterion 

 Score Percentage % 

Option 

A 

Option 

B 

Option 

C 

% Option 

A 

Option 

B 

Option 

C 

Cost 67,7 96,7 100 33.33 22,34 31,91 33,33 

Environmental 

impact 

35 75 65 33.33 11.55 24.75 21.45 

Duration of 

execution 

50 14.28 100 33.34 16,67 4.71 33.34 

Total 152.7 185.98 265 100 50.56 61.37 88.12 

 

By comparing the three solutions, based on the presented criteria, solution C appears to be the 

most advantageous (table 4). Technically the solution has some restrictions in areas where  

spreading new layers over the existing road structure is limited. In this situation, in the 

restricted areas, solutions A, or B are considered. 

 

 

CONCLUSIONS 

 

Multi-criteria analysis is a major aid in decision making. As observed in this paper the 

methodology is easy to apply. The criteria to be considered remains at the discretion of those 

who are depending on the purpose of analyzing the investment. Solution A may prove to be 

challenge for those who build construction machinery, because if they can remove the 

inconvenience of air pollution and tanking into account that the milled material is integrated 

directly in the foundation layer, solution A would be the most advantageous. 
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