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ABSTRACT  

 One of the most important problems for governments and private sectors on construction industry is how to 

allocate budgets for public residential projects. Low-income residential projects in developing countries have 

major effects on implementing the principles of sustainable development. Limited budgets in concrete 

rehabilitation structures represent challenges for the decision-makers. The budget allocation methods 

proposed in this paper can be easily meet the actual changing demands of response budget policies. This 

paper proposed a comprehensive comparison between the Topsis method and Simo's ranking method in low-

income residential rehabilitation projects. Also, the assignment problem presented to select a suitable project 

depending on the different clusters. This proposed comparative study aims the decision-maker (DM) to select 

the optimum method. Finally 13 criteria have been gathered from comprehensive literature. The gathered 

criteria have been reviewed through unstructured interviews with engineers work in the required field, and 

selective research according to the designed sample size. These criteria have been classified into three main 

clusters, economic aspects cluster, social aspects cluster, and environmental aspects cluster. Statistical 

analysis has been conducted on the interviews feedback. The research aims to trade-off in guiding the 

decision-maker to direct very limited budgets in the quality of restoration and rehabilitation the efficiency of 

low-cost or economic housing projects sustainably based on cost factors of projects. 

 

Keywords:  Rehabilitation; project ranking; Budget allocation; Topsis; Gathered criteria; Hungarian 

method, the assignment problem.  

 

Introduction 

Low income residential rehabilitation projects have 

major effects on implementing the principles of 

sustainable development. The entire life cycle of a 

building includes construction, operation, 

maintenance, demolition and removal and the normal 

expected life span of a building may up to 50 years. 

Limited budget in concrete rehabilitation in 

developing countries represents challenges for the 

decision makers. Reviewing the literature in this field 

revealed the past attempts to define the criteria and 

key indicators to be used in allocating the budget in 

the aforementioned projects. Researches in the area 

of sustainable urban infrastructure reflect the need to 

design and manage engineering systems in light of 

both environmental and socioeconomic 

considerations. A study developed a framework for 

the sustainability assessment of urban infrastructure 

systems [1]. The framework focuses on key 

indicators and criteria selected to be used in the 

assessment of urban infrastructure systems. Another 

study introduced to provide appropriate methods to 

assess the sustainable development [2]. The study 

provided a simulation model, using system dynamics 

principle, to evaluate the sustainability performance 

of highway infrastructure projects during the 

construction and operation stage. The study 

introduced the indicators which measure the 

sustainability performance of highway projects and 

identifies the dynamic criteria affecting project 

performance. [3] Introduced a study which provided 

key assessment indicators for assessing the 

sustainability performance of an infrastructure 

project. The list of the assessment indicators 

included, economical aspects indicators, social 

aspects indicators, and environmental aspects 

indicators. The economic aspects indicators include 

analysis of market supply and demand, technical 

advantages, project budget, payback period, and 

internal return ratio (IRR). The social aspects include 

effects on local development, public safety, and 

public sanitation. The environmental aspects include, 
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effect on air quality, effect on water quality, and 

noise effect. Budget is a fiscal plan.  Distribution of 

limited budget in construction projects represents 

challenges for the decision makers. [4] Provided an 

empirical study of the budget allocation in 

transportation projects. The study provided a model 

to allocate budgets of the transportation projects. The 

model is limited to constructions projects that have 

completed feasibility evaluations and the model 

cannot be used for different allocations for projects 

with different resources demands. [5] Presented a 

budget allocation methodology for water mains 

rehabilitation projects. The methodology aims in the 

case of limited budget. The methodology consists of 

two models; the first model classifies the project in 

five levels according to their level of importance. The 

second model ranks the projects at the same level to 

allocate the left budget. [6] Mentioned that the 

traditional maintenance strategies are not adequate 

but sustainable approach is the right direction.  Along 

the line, the key criteria affecting sustainable 

refurbishment are economic considerations, and the 

obvious benefits relates to social matters. [7] 

Mentioned that, in order to implement building 

maintenance tasks efficiently, a proper building 

maintenance plan and monitoring system is 

necessary. Financial is often being the barrier to 

maintenance management in organizing maintenance 

activities of a building. [8] Presented a study of 

maintenance management in safety and health 

practice based on financial criteria. [9] Mentioned 

that the Sustainability is important expression 

nowadays to duplicate the natural resources and the 

wealth of nations. The main objective of this research 

was to develop a sustainable model aims in allocating 

the limited budget in concrete rehabilitation projects. 

As a result, the sustainable development of concrete 

rehabilitation projects is enhanced. 

               An analysis of prior studies in the field of 

rehabilitations projects was performed. A list of 20 

criteria has been collected from a comprehensive 

literature. Structured and Unstructured interviews 

with senior expert engineers working in the field 

have been taken place. The main purpose of the 

unstructured interviews was to review the gathered 

criteria from the literature. 16 structured interviews 

have been conducted to collect data relative to the 

criteria weighting. Statistical analysis has been 

conducted on the collected data. The normalized 

relative weight of each criterion has been calculated. 

The proposed models are developed by using average 

methods; standard deviation method; and Simo's 

ranking method. The models rank the projects in 

descending order according to their total score value. 

This paper presents the criteria identification and the 

Simo's Procedure in section two. Projects case studies 

have been presented to illustrate the procedures of the 

proposed model, Topsis method is illustrated in 

section four.  

 

2. Criteria Identification 

              A preliminary list of 20 criteria has been 

gathered from literature [1],[2-11],[13],[15-17],[21-

22] and experts in the same field. Table 1 contains 

the list of the final 13 criteria. The criteria have been 

divided into three main clusters: economic criteria, 

social criteria, environmental criteria. Economic 

criteria include criteria related to the economic 

aspects: project capital cost criteria, project 

operational and maintenance costs (O&M), payback 

period criteria, and internal return ratio (IRR) criteria. 

Social criteria include criteria related to social 

aspects: effect on other nearest properties, effect on 

traffic criteria, effect on public health criteria, and 

effect on the nearest utilities. Environmental criteria 

include criteria related to environmental aspects: 

effect on public safety criteria, effect on air quality 

criteria, effect on water quality criteria, noise effect 

criteria, and energy saving criteria. The list was 

reviewed by 16 senior engineers their experience in 

the same field. The criteria were classified according 

to sustainable development aspects. Project capital 

cost criteria was defined as the project with lower 

capital cost is preferred. Project operational and 

maintenance costs (O&M) criteria were defined as 

the project with lower operational and maintenance 

costs are preferred.  The payback period criteria were 

defined as the faster payback period is preferred. The 

internal return ratio (IRR) criteria were defined as the 

higher ratio is preferred. The effect on other nearest 

properties criteria was defined as the lower effect on 

other properties is preferred. The effect on traffic 

criteria was defined as the lower disruption effect on 

traffic is preferred. The effect on public health 

criteria was defined as the lower negative effect on 

public health is preferred. The effect on the nearest 

utilities criteria was defined as the lower damage 

effect on other utilities is preferred. The effect on 

public safety criteria was defined as the lower 

negative effect on public safety is preferred. The 

effect on air quality criteria was defined as the lower 

negative effect on air quality is preferred. The effect 

on water quality criteria was defines as the lower 

negative effect on water quality is preferred. The 

noise effect criteria were defined as the lower noise 

effect is preferred. The energy saving criteria was 

defined as the higher energy saving is preferred. 

Structured and unstructured interviews with experts' 

engineers have been taken place to classify and 

define the final list of criteria. 
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Table 1- Final list of Criteria 

Cluster Criteria Definitions 

Economic 

criteria 

1) Project 

Capital cost 

The project with 

lower capital cost is 

preferred 

2)Project 

operational and 

maintenance 

costs(O&M) 

The project with 

lower operational and 

maintenance cost is 

preferred. 

3) Payback 

period, 

The faster bay back 

period is preferred 

4) internal return 

ratio(IRR) 

The higher ratio is 

preferred 

Social criteria 

5) Effect on 

other nearest 

properties. 

The lower effect on 

other properties is 

preferred. 

6) Effect on 

traffic, 

The lower disruption 

effect on traffic is 

preferred. 

7) Effect on 

public health 

The lower negative 

effect on public 

health is preferred. 

8) Effect on the 

nearest utilities. 

The lower damage 

effect on other 

utilities is preferred. 

Environmental 

criteria 

9) Effect on 

public safety 

The lower negative 

effect on public 

safety is preferred. 

10) Effect on air 

quality 

The lower negative 

effect on air quality is 

preferred. 

11) Effect on 

water quality 

The lower negative 

effect on water 

quality is preferred. 

12) Noise effect The lower noise 

effect is preferred. 

13) Energy 

saving 

The higher energy 

saving is preferred. 

Structured interviews with experts have been 

conducted to collect the required data belong to the 

criteria „relative weights. Each expert was asked to 

rank the criteria of each cluster in ascending order. 

They, also, asked to rank the main cluster in the same 

manner. R1, R2, R3, R4, R5, and R6 till R16, are the 

responds of the 16 experts. The average value has 

been calculated for each criteria and each cluster. The 

criteria in each cluster have ranked according to their 

average values. The main clusters also, were ranked 

in the same manner. Table 2 contains the expert's 

responds and the calculation of the average value and 

the ranking of the criteria and the clusters. The 

normalized weights of the criteria were calculated. 

For example, the normalized weight for the project 

capital cost criteria = 4/ (1+2+3+4) = 4/10 = 0.4. The 

calculation of the normalized relative weights of the 

remaining criteria will be calculated in the same 

manner. The normalized relative weight for each 

cluster was calculated [23]. The global criteria‟s 

weight was calculated by multiplying the criteria‟s 

normalized relative weight by its cluster normalized 

weight. For example, the project capital cost criteria‟s 

global weight = the economic cluster normalized 

weight * the project capital cost normalized weight. 

The project capital cost criteria‟s global weight = 

1/3*(0.4) = 0.133. The global weight for the other 

criteria has been calculated by the same way. Table 3 

contains the calculated normalized and global 

criteria‟s weights. Criteria that have weights ≥ 0.10 

are: Project Capital cost, Project operational and 

maintenance costs (O&M), Effect on other nearest 

properties, Effect on traffic, and Effect on public 

health. The remaining criteria have weights < 0.10. 

The effect on traffic criteria has the higher weight. 

The noise effect criteria have the lower weight. The 

economic aspect criteria have a total weight equal 

(0.333). The social aspect criteria have a total weight 

equal (0.5). The environmental aspects criteria have a 

total weight equal (0.17). 

 

Table 2-   Simo's Interview‟s Feedback 

 
Clusters Criteria Average Rank 

Economic 

criteria 

1) Project Capital cost 3.7 4 

2) Project (O&M) costs 2.7 3 

3) Payback period 1.5 1 

4) internal return ratio 

(IRR) 

2.3 2 

Social criteria 

1)  Effect on other 

nearest properties. 

2.7 2 

2) Effect on traffic 3.5 4 

3)  Effect on public 

health 

2.8 3 

4)  Effect on the nearest 

utilities. 

2 1 

Environmental 

criteria 

1)  Effect on public 

safety 

3.8 5 

2)  Effect on air quality 3.5 4 

3) Effect on water 

quality 

3.2 3 

4)  Noise effect 1.8 1 

5)  Energy saving 2.2 2 

Main clusters 

Economic 2.5 2 

Social 2.2 3 

Environmental 1.8 1 
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Table 3- Normalized and Global weights 

 

 Criteria Normalized    

weight 

global 

weight 

Economic 

criteria 

1- Project 

Capital cost 

4/10= 0.4 0.4/3 = 

0.133 

2- Project 

operational 

and 

maintenance 

costs(O&M) 

3/10= 0.3 0.3/3= 

0.10 

3- Payback 

period 

1/10=  0.1 0.1/3= 

0.033 

4- internal 

return ratio 

(IRR) 

2/10= 0.2 0.2/3= 

0.067 

Social criteria 5- Effect on 

other nearest 

properties 

2/10=  0.20 0.2/2= 

0.10 

6- Effect on 

traffic 

4/10=  0.40 0.4/2= 

0.2 

7- Effect on 

public 

health 

3/10= 0.30 0.3/2= 

0.15 

8- Effect on 

other nearest 

utilities 

1/10= 0.10 0.1/2= 

0.05 

Environmental 

criteria 

9- Effect on 

public safety 

5/15= 0.33 0.33/6= 

0.06 

10- Effect 

on air 

quality 

4/15= 0.27 0.27/6= 

0.05 

11- Effect 

on water 

quality 

3/15= 0.2 0.2/6= 

0.03 

12- Noise 

effect 

1/15= 0.07 0.07/6= 

0.01 

13- Energy 

saving 

2/15= 0.13 0.13/6= 

0.02 

 

The proposed model is developed by using the 

scoring weighted criteria model. The proposed model 

was applied before implementing the projects. The 

proposed model is generated mathematically using 

Equation (1). The total score of the project equals the 

summation of the criteria‟s adjustment value. The 

criteria‟s adjustment value equals the multiplication 

of the criteria‟s weight by the criteria‟s score value 

(     ) [23-26]. The criteria‟s score value is the 

normalized average value given by number of 

experts. Projects were ranked in descending order 

according to their total scores. The budget was 

distributed first for the projects with high total scores.  

 

 

Project‟s total score  ∑      (1) 

 

where    is the criteria‟s relative weight,    is the 

criteria‟s score from one to three. 

 

         The experts should give scores for each 

criterion for the first project. The average scoring 

value is calculated for each criterion. The adjustment 

value for each criterion is calculated by multiplying 

the scoring value by the criteria‟s weight. The total 

score of the project is calculated by summing the 

adjustment values of all the 13 criteria. The total 

score of the second project is calculated as the same 

way and so on.  The projects are ranked in 

descending order according their total scores. The 

budget is allocated first to the project with the higher 

total score. The remaining budget is allocated to the 

rest projects according to their total scores value. If 

the remain budget is insufficient, the remaining 

projects will be left to the next fiscal year. 

  

3. Topsis method 

It is assumed that there are three rehabilitation 

projects:   ,    and   . The total budgets for the three 

projects were one million L.E, two million L.E and 

three million L.E, respectively.  The total available 

budget is five million  L.E. It is required to allocate 

the budget for the three projects. The following 

section explains the procedures of applying the 

proposed models. Table 4 contains the calculation of 

the total score of the first project. We have three 

experts to give scores for the criteria of each project. 

The experts gave scores for the project criteria in 

columns from R1 to R3. 

 

By using the Simo's Procedure to select the ranking 

of project first, the average value is calculated for 

each criterion [23-24-26]. The adjustment value for 

each criterion is calculated. The adjustment value is 

calculated by multiplying the criteria‟s score by its 

weight as shown in Table 4. The total score of the 

project is calculated by the summation of the last 

column in the table. The total scores calculations of 

projects    and    were 3.5 and 3.2 respectively. The 

budget will be distributed for the first project with 3.8 

total score and    with total score 3.4. The remaining 

budget will be 2 million. The remaining budget is not 

enough for project  . The project   will be left for 

the next fiscal year. 
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Table 4- The expert's scores for each project criteria 

 Project 1 Project 2 Project 3 

Clusters Factors R1 R2 R3 R1 R2 R3 R1 R2 R3 

Economic 

1- Project Capital cost 4 5 4 5 5 5 3 4 4 

2- Project operational and maintenance 

costs(O&M) 

3 3 2 4 4 4 4 4 5 

3- Payback period 3 2 1 4 4 3 3 5 4 

4- internal return ratio (IRR) 4 3 1 4 4 3 5 4 4 

Social 

5- Effect on other nearest properties 5 4 3 2 3 3 2 2 3 

6- Effect on traffic 4 5 5 3 4 4 3 3 3 

7- Effect on public health 5 3 4 4 5 5 5 5 4 

8- Effect on other nearest utilities 5 3 5 3 4 4 4 2 2 

Environmental 

9- Effect on public safety 4 5 5 3 4 4 2 5 5 

10- Effect on air quality 3 3 4 3 4 3 4 4 3 

11- Effect on water quality 4 3 3 2 2 4 3 1 2 

12- Noise effect 5 2 1 4 4 4 3 5 5 

13- Energy saving 5 3 3 4 5 5 5 4 5 

Project cost 1million L.E 2million L.E 3million L.E 
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Table 5- Calculation of the first project. 

Clusters Criteria Criteria’s weight Average Adjustment value 

Economic  1- Project Capital cost 0.133 4.5 0.6 

 2- Project operational and 

maintenance 

costs(O&M) 

0.10 2.5 0.25 

3- Payback period 0.033 1.5 0.05 

4- internal return ratio 

(IRR) 

0.067 2 0.134 

Social 5- Effect on other nearest 

properties 

0.10 3.5 0.35 

6- Effect on traffic 0.2 5 1 

7- Effect on public health 0.15 3.7 0.6 

8- Effect on other nearest 

utilities 

0.05 4 0.2 

Environmental 9- Effect on public safety 0.06 5 0.3 

10- Effect on air quality 0.05 3.7 0.185 

11-Effect on water quality 0.03 3 0.09 

12- Noise effect 0.01 1.5 0.015 

13- Energy saving 0.02 3 0.06 

 

 

Table 6- Simo's budget allocation values 

 Index Rank 

Project 1 3.8 1 

Project 2 3.5 2 

Project 3 3.2 3 

 

By Using Topsis Method:  

 

The average of:                equals   

 ̅  ∑   
 
    ⁄ . (2) 

 

The standard deviation: 

  √
 

 
∑ (    ̅)
 
   

.         (3) 

 

We find the average/ standard derivation of R1, R2 

and R3 for each criterion. The average/ standard 

derivation of each criteria of economic cluster is 

summed to be one number    . [12],[14],[20] Also, 

we do that for social and environmental clusters. The 

associated weights    are calculated by sum the 

economic cluster of all projects.  Also, we do that 

again for social and environmental clusters. We have 

three numbers for economic, social and 

environmental clusters. Add the available cost   and 

normalized these four numbers. 

 Topsis method consists of the following 

steps:  

 

 

 

1. We find the average of R1, R2 and R3 for 

each criterion. 

2. The average of each criteria of each cluster 

is summed to be one number    . 

3. Add the cost of each project. 

4.  Reformatted the matrix as  [   ]   
. (4) 

5. Calculate the associated weights    by sum 

each cluster and cost of all projects. 

6. Normalize the matrix: 

    
   

√∑    
  

   

                 .    (5) 

7. Multiply the columns of normalized 

decision matrix by the associated weights: 

                                   (6) 

8. Determine the positive ideal and negative 

ideal solutions, respectively, as follows: 

   *  
     

    
 +,     *  

    
    

 + (8) 

9. Obtain the distances of the existing 

alternatives from the positive ideal and 

negative ideal solutions: two Euclidean 

distances for each alternative are, 

respectively, calculated as follows: 

  
  √∑ (      

 )  
   

           
      (8) 

  
  √∑ (      

 )  
   

          
. (9) 
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10. Calculate the relative closeness to the ideal 

alternatives: 

    
  
 

  
    

 

. (10) 

11.  By ranking the alternatives according to the 

relative closeness to the ideal alternatives 

then the bigger is the    , the better is the 

alternative    
 

Table 7-  Results of using average as measure 

 

 Economic Social Environmental 

Project 1 0.06 0.03 0.36 

Project3 0.03 0.06 0.64 

Project 2 0.027 0.06 0.69 

 

Table 8- Results of using standard derivation as 

measure 

 

 Economi

c 

Social Environmental 

Project 2 0.34 0.06 0.14 

Project 1 0.12 0.28 0.70 

Project 3 0.11 0.29 0.72 

 

If the DM desired to choose on economic or social or 

environmental, we solve the problem as the 

assignment problem.  Assignment problem [18] is 

used in solving many of engineering problems and 

management science problems. The assignment 

problem is a special type of linear programming 

problem (LPP) in which our objective is to assign n 

number of jobs to m number of machines (persons) at 

a minimum cost. To find solution to assignment 

problems, various algorithm such as linear 

programming and Hungarian algorithm [19] have 

been developed. 

Hungarian method used to solve the assignment 

problem. It chooses the best choice depending on its 

criteria. When we use it to solve our problem, the 

project 1 is the best one depending on the social 

view. The project 2 on the economic view and the 

best one in the environmental is project 3.    

 

Table 9- Results of assignment problem method 

(Hungarian algorithm) [19] 

 Economic Social Environmental 

Project 1 11.67 17 17.67 

Project 2 16.33 14.67 18.33 

Project 3 16.33 12.67 18.67 

 

 

 

 

 

Table 10- Total results of project ranking 

 

Simo's 
Topsis 

(average as 

measure) 

Topsis 

(standard 

derivation 

as measure) 

Assignment 

problem 

Project 1 Project 1 Project 2 Project 2 

Project 2 Project3 Project 1 Project 1 

Project 3 Project 2 Project 3 Project 3 

 

As mentioned before we employed an optimized 

comparison analysis proposed a comprehensive 

various decision-making tools which are Assignment 

method, Topsis method and simo's ranking method.  

The output values of average and standard deviation 

methods are used in Topsis method. This proposed 

comparative study aims the DM decision maker to 

select the optimum method in allocating the very 

limited budget in Low income residential 

rehabilitation projects according to the associated 

criteria condition of any new project, "DM" decision 

makers analysis based on the associated conditions of 

any project classified into three main clusters, 

economic aspects cluster, social aspects cluster, and 

environmental aspects cluster. This paper presented 

three different models for the low income residential 

rehabilitation projects in Egypt. The proposed models 

aims in allocating the limited budget assigned for 

specific projects. There are a list of twenty criteria 

have been gathered and filtered from the literature 

and filtered by the experts. These final criteria list 

have been used in developing the proposed models. 

The proposed models can be generated suing the 

Excel program. As presented in table 10, we 

concluded that project ranking decisions, ranked in 

descending order according to the applied method 

and the project associated criteria condition. The 

average method ranks the projects as the following:  

project 3 is ranked in the first level, project 2 is 

ranked in the second level, and both project 1 is 

ranked in level 3, The standard deviation method 

ranks the projects as the same as the average method, 

Simo's method ranks the projects according to the 

following: Project 1 is ranked in the first level, 

project 2 is ranked in the second level, project 3 is 

ranked in the third level. 
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4. Conclusions 

This paper provided two models to allocate budgets 

of rehabilitation projects in low income residential 

projects. This paper proposed a comprehensive 

comparison between Topsis method and simo's 

ranking method. Also, the assignment problem 

method presented to select the suitable and optimum 

project according to the variable conditions of each 

project depending on the importance and priority for 

clusters. The paper aims to trade-off in guiding the 

decision-maker to direct very limited budgets in the 

quality of restoration and upgrading the efficiency of 

low-cost or economic housing projects sustainably 

based on the cost factors of projects. 

  The models are limited to constructions projects that 

have completed feasibility evaluations and the model 

can be used for different allocations for projects with 

limited resources demands. The three methods can be 

used in the analysis of construction project decision 

making. The proposed models methods are very 

simple to use which can be used with Excel program 

and matlab software applications. The average 

method and the standard deviation method depend on 

the simple traditional arithmetic methods, but simos 

method depends on the statistical analysis of the 

collected data. The budget allocation methods 

proposed in this paper can be easily meet the actual 

changing demands of response budget policies. When 

budgets need to be reduced or increased, we can 

quickly decide in which units and of which projects 

of each particular budget should be reduced or 

increased. The proposed budget allocation models 

presented in this paper  can simultaneously distribute 

the budget of the required projects of a limited budget 

and also the construction budgets for each unit. 
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