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Optimal distribution of multi-skilled labor among construction sites 

By: 

Abdelrahman Tawfeeq Alothman 

Supervisor: 

 Prof. Dr. Rami Maher 

 

 

ABSTRACT 

The success criteria of projects are based on three main axes: cost, time and quality, 

which are known in the management discipline as the Iron Triangle. Therefore, the optimal 

use of resources to achieve these criteria yields to the success of projects. On the other 

hand, construction projects need a lot to be considered to achieve the success without many 

variation orders. One such consideration is to employ multi-skilled labor to improve the 

work productivity. 

When construction companies deal simultaneously with different types of works, 

which have different productivity equations, then the problem of optimal distribution of 

multi-skilled labor among institutional construction sites is addressed. The optimality 

aspects are many; however, maximizing the work productivity in all sites is a rational 

optimal criterion. The objective of this research is to find the optimal number of labor that 

assigned to each site such to maximize different productivity equations, which yields to 

overall maximization of the productivity in all sites. Therefore, the problem is of a resource 

type, and hence the dynamic programming algorithm is an essential tool to solve this 

problem. 

In this research, several hypothetical scenarios of multi-skilled multi-site cases 

respectively also multi-skilled labor multi-activity, are first considered to test the developed 

software capabilities in producing the labor distribution among sites. An actual case study 

is then considered to validate the proposed approach. Consequently, the multi-solution 

problem is conducted and illustrated. Finally, simple user interface software is developed to 

assert the usefulness for it for managers and simultaneously to be integrated with any 

similar software. 
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ABSTRACT IN ARABIC 

 

 التوزيع الأمثل للعمال متعددي المهارات على المواقع الإنشائية

 

تعتمد معايير نجاح المشاريع على ثلاثة محاور رئيسية: التكلفة، الوقت والجودة ، والمعروفة في مجال  

لى نجاح ؤدي إيالمعايير الإدارة بإسم المثلث الحديدي. لذلك ، فإن الاستخدام الأمثل للموارد من أجل تحقيق هذه 

جاح تحقيق الن ن أجلالمشاريع. من ناحية أخرى ، تحتاج المشاريع الإنشائية إلى أخذ الكثير من الأمور بعين الإعتبارم

 العمل. تاجيةدون الحاجة لتغييرات كثيرة. أحد هذه الاعتبارات هو استخدام العمالة متعددة المهارات لتحسين إن

إنتاجية  معادلاتلمقاولات في وقت واحد مع أنواع مختلفة من الأعمال ، التي لديها عندما تتعامل شركات ا 

ثيرة ؛ ك المثاليةب جوانتبر تع. يتم معالجتها المهارات بين مواقع البناء ةمتعدد للعمالةمشكلة التوزيع الأمثل  فإنمختلفة ، 

جاد العدد ة هو إي. الهدف من هذه الأطروحمثاليالمعيار هو الومع ذلك ، فإن زيادة إنتاجية العمل في جميع المواقع 

لى زيادة يؤدي إ ، مما قدر الإمكان الإنتاجية المختلفة لزيادةكل موقع الذين ينبغي تخصيصهم في  الأمثل من العمال

 ية البرمجةوارزمخ تعتبر، وبالتالي شكل عام في جميع المواقع. لذلك تعتبر هذه المسائل من نوع المواردالإنتاجية ب

 .الأساسية لحل هذا النوع من المسائلداة الأ هي الديناميكية

في هذا البحث ، العديد من السيناريوهات الإفتراضية لحالات متعددة المواقع ومتعددة المهارات العمالية،  

ي توزيع فطور رنامج المبالإضافة إلى نشاطات متعددة وعمال ذوي مهارات متعددة سيتم فرضها لاختبار امكانيات الب

ل سألة الحلوموضيح العمال على المواقع. ومن ثم تم دراسة سيناريو واقعي للتحقق من صحة النهج المقترح. بالاضافة لت

فادة من الاستالمتعددة. أخيرًا ، تم تطوير برنامج بسيط يحتوي واجهات للمستخدم ليتمكن المدراء من استخدامه و

 ت يتم دمجه مع أي برنامج مشابه.امكانياته. وفي نفس الوق

 

 

 

 



vii 
 

Table of Contents 

Authorization Form .................................................................................................................. i 

Committee Decision ............................................................................................................... ii  

 Dedecation ............................................................................................................................ iii 

Acknowledgement ................................................................................................................. iv 

Abstract ................................................................................................................................... v 

Abstract in Arabic .................................................................................................................. vi 

Table of Contents .................................................................................................................. vii 

Table of Figures ...................................................................................................................... ix 

Table of Tables ........................................................................................................................ x 

List of Abbreviations .............................................................................................................. xi 

1. Introduction ......................................................................................................................... 1 

1.1 Background ....................................................................................................................... 1 

1.2 Introduction ....................................................................................................................... 2 

1.3 Research problem ............................................................................................................. 4 

1.4 Literature review ............................................................................................................... 4 

1.5 Research objectives .......................................................................................................... 5 

1.6 Research Hypothesis ........................................................................................................ 5 

1.7 Research methodology: ................................................................................................... 6 

1.8 Motivation of research ..................................................................................................... 6 

1.9 Thesis structure ................................................................................................................. 7 

2. Literature Review................................................................................................................ 8 

2.1 Introduction ....................................................................................................................... 8 

2.2 Labor and Workforce ....................................................................................................... 8 

2.2.1Unskilled Labor ................................................................................................ 11 

2.2.2Semi-Skilled Labor .......................................................................................... 11 

2.2.3Multi-Skilled Labor .......................................................................................... 11 

2.3 Multi-Skilled Labor ........................................................................................................ 12 

2.4 Productivity ..................................................................................................................... 14 

2.5 Solutions Based on Optimization ................................................................................. 17 



viii 
 

2.6 Construction Projects Classification ............................................................................ 20 

2.6.1.Small Projects: ................................................................................................. 21 

2.6.2.Medium Projects:............................................................................................. 21 

2.6.3.Large Project: ................................................................................................... 22 

2.6.4.Mega projects ................................................................................................... 22 

2.6.5.Giga Projects .................................................................................................... 22 

2.7 Labor Planning: .............................................................................................................. 23 

3. Optimal Labor Resourcing ................................................................................................ 25 

3.1 Introduction ..................................................................................................................... 26 

3.2 Dynamic Programming .................................................................................................. 27 

3.3 Resource Allocation Problems ..................................................................................... 30 

3.4 Methodology of Optimal Labor Resourcing ............................................................... 30 

3.4.1 Formulation of the Optimum labor Model ................................................. 30 

3.4.2 DP algorithm for the considered problem .................................................. 33 

4. Optimal Solution of Labor Resourcing ............................................................................. 44 

4.1 Introduction ..................................................................................................................... 46 

4.2 Illustrative hypothetical case ......................................................................................... 47 

4.3 Multi-Skilled Labor Distribution software .................................................................. 59 

4.3.1 Labor Resourcing in a Large Project ........................................................... 59 

4.3.2 Labor Resourcing for Multi-site .................................................................. 61 

4.4 Labor Resourcing in Construction Management........................................................ 62 

4.4.1. Multi-Solution Case ....................................................................................... 63 

4.4.2. A Project with a Variety of Productivity equations .................................. 66 

4.4.3 A sites with an identical productivity equations case ............................... 61 

4.5 Multi-stages project case ............................................................................................... 69 

4.6 Labor Resourcing Case-study ....................................................................................... 71 

5. Conclusion, Recommendations and Future Works ........................................................... 80 

5.1 Conclusions ..................................................................................................................... 80 

5.2 Recommendation ............................................................................................................ 81 

5.3 Future works.................................................................................................................... 82 

REFERENCES ..................................................................................................................... 84 

 



ix 
 

Table of Figures 

 

Figure 3.1: Dynamic Programming Algorithm for the Considered Problem ....................... 35 

Figure 3.2: The flow chart of the developed program .......................................................... 40 

 

  



x 
 

Table of Tables 

 

Table 3- 1: The 𝑑 and𝑥 values possibilities .......................................................................... 34 

Table 3- 2: General form for the results of the first step ...................................................... 36 

Table 3- 3: General form for the results of second step ........................................................ 37 

Table 3- 4: General form for the results of the first step ...................................................... 38 

Table 3- 5: The general form for the results of the forward solution. .................................. 39 

Table 4- 1: The results of stage 5 for illustrative hypothetical case ..................................... 50 

Table 4- 2: The results of stage (4) for illustrative hypothetical case .................................. 51 

Table 4- 3: The results of stage (3) for illustrative hypothetical case .................................. 53 

Table 4- 4: The results of stage (2) for illustrative hypothetical case .................................. 55 

Table 4- 5: The results of the first stage for illustrative hypothetical case ........................... 57 

Table 4- 6: Labor distribution among sites for illustrative hypothetical case ...................... 58 

Table 4- 7: The checking method for illustrative hypothetical case ..................................... 58 

Table 4- 8: The optimal distributed labor among project activities ...................................... 60 

Table 4- 9: The validation method for large project case ..................................................... 61 

Table 4- 10: The optimal distributed labor for different data inputs. ................................... 62 

Table 4- 11: The results of stage (1) for multi-solutions case.............................................. 64 

Table 4- 12: Multi solutions for labor distribution. .............................................................. 65 

Table 4- 13: The validation method for multi-solutions case ............................................... 65 

Table 4- 14: Different distribution labor due to different equations of productivity ............ 66 

Table 4- 15: labor distribution for an identical sites work .................................................... 68 

Table 4- 16: The validation method for an identical sites work ........................................... 68 

Table 4- 17: The results of the first stage for multi-stages project case ............................... 69 

Table 4- 18: The results of the second stage for multi-stages project case .......................... 70 

Table 4- 19: labor distribution for multi-stages project case ................................................ 70 

Table 4- 20: Selected activities productivity rate ................................................................. 74 

Table 4- 21: Selected planned monthly man days ................................................................ 74 

Table 4- 22: The data of developed model ........................................................................... 76 

Table 4- 23: The data and results of case 1 ........................................................................... 77 

Table 4- 24: Comparison between company data and developed model results .................. 78 

Table 4- 25: The data and results of case 2 ........................................................................... 79 

 

 

 



xi 
 

List of Abbreviations 

CP Constraint Programming 

FEP Front-End Planning 

GA Genetic Algorithm 

GCA General Cognitive Ability 

GUI Graphical User Interface 

HR Human Resources 

LNG Liquefied-Natural-Gas 

NPV Net Present Value 

PD Dynamic Programming 

PDRI Project Definition Rating Index 

PFP Partial Factor Productivity 

SA Statistical Analysis 

TFB Total Factor Productivity 

TOPSIS Technique for Order Preference by Similarity to Ideal Solution 

  


	AUTHORIZATION FORM
	I, Abdelrahman Tawfeeq Alothman, authorize Isra University to supply copies of my thesis to libraries or establishments or individuals on request, in accordance to the university regulations.
	Signature:
	Date:
	ABSTRACT

