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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.




ABSTRACT IN ARABIC

ALEY) 281 gall o il jlgal) sasmia Jleadl Jia¥) a5 5l

Jiae 3 Ay yaall s ¢ Bagally gl AT Ay slae A0 o g jliall 2lad e aaia
ol G e el sda st dal (e o) gall JEaY) aladil¥) gla ¢ Gl gaaaldl Glial anly 30y
gl s dal el ) Comr ) 3a¥) (e LFSH 28T ) ALay) o i) plisd ¢ (5 AT 4ali (e i)
Jerdl L) Cpatl @l jlgall 3a3eie Alandl aladinl s <l HlicY) oda aal 3,88 @l jusdl dalal) o 5

Ll ¥ alea Ll ) ¢ Jlee Y (e diline o) 5if g aad g iy & Y gl Sy Jalati Laic
¢ S AUl (il g yiind Lgiadles oy el @l ga (g Ol jlgall Baanie Alleall JiaY) o sil) Al ()8 ¢ Aalide
aall syl 58 Aa g5V 038 e Cangd) | AN lxall sa a8l sl anen 8 Jend) dali) 5ol 8 ¢ Glld aag
335 ) (oo Lee ¢ QY L8 Adliad) LaliiY) 5ol ) qise IS (B ppranadd ik (pdl Jleall (e JiY)
Aol Al s el JUllg )l sall & 58 e Jilusall 238 iad GA o8] sall paen (B ol JSG dpaliY)
sl (e g sl 138 Jad Al 31aY) o Al

Aalleall il lgall Baaxia y ol sall Baamie VLA Lpal Y1 il gy Ll e 2dall ¢ Cand) 138 B
@5 b shall zali ) HlilSal HLEAY Lgaa bl 3adxie < jlga (550 Jlae 5 Badeie il ) AiLaYly
Jslal) Alse a3l A8iaVUr - siall el A (g (38nill a5 g9 sl Al 50 23 5 (g5 ) ) (e Jlaall
O B 5 4eladiul (e ol sl Sl aadiuall Cilgals s sing dase mabis ok A ¢ 15a0 i)

Adiie el sl ae Aen B ) s 8 AL

Vi



Table of Contents

AULNOTIZATION FOMMN....eiiiiiiiiiiieeeeeee ettt st sttt et e st e b sbesbesseene e i
COMMITLEE DECISION ...ttt sttt e e et e s et e sbeeseesaeebesneesaeeteeneeseeenes ii
=T [=To%: L1 o] [OOSR PR iii
ACKNOWIEAGEMENT ...ttt sttt st et esaeesbeentesneenes iv
AADSTFACT ...ttt ettt b b sae bt ettt tentenae st v
ADSIFACT IN ATADIC ...ttt ettt b e st s be s ens Vi
LI o111 6o ) =Y o1 PP vii
I L1 L= L T { =T3P ix
TADIE OFf TaADIES .t et e e st e e e s sbe e e e s saraeeeeaes X
List Of ADDIreVIations ......veiiiiieie e e e e aee e e Xi
I [ 0o 104X T o SR 1
1.1 BACKGIOUNG ...ttt bbbt 1

L2 INEFOUUCTION ...ttt etes 2

1.3 RESEAICH PrODIEM . ...t 4

1.4 LITEIatUIE TEVIBW.....vveiiieceeieieei ettt 4

1.5 RESEAICH ODJECHIVES ...t 5

1.6 ReSEArch HYPOTNESIS ......cucuiuiiiiiiissse e 5

1.7 Research MethOdOIOgY: ...t 6

1.8 MOtivation Of FESEAICI ........c.ccuee s 6

1.9 TRNESIS SITUCTUIE ...ttt 7

2. LITErature REVIEW......cc.e ittt sttt b e s bbbttt b et 8
2.1 INTFOAUCTION ...ttt 8

2.2 L.ab0r aNd WOIKFOICE ... 8
2.2.LUNSKIEA LADOK ... 11
2.2.25eMi-SKilled LabOr ..o s 11
2.2.3MUIti-SKIlled LabOK.......coiiiiiesreee e 11

2.3 MUILI-SKIEA LADOK ...ttt 12

24 PTOUUCTIVITY ..ottt ettt b e s s nnes 14

2.5 Solutions Based on OptiMIZation ............cccveeuiirieieeerieeeese e 17

Vii



2.6 Construction Projects ClassSifiCation ... 20

2.6.1.SMAIl PrOJECES: ...ttt 21
2.6.2.MEIUM PrOJECES: ....ecvieieiiieiiiee sttt 21

2.6.3.L8rgE PIOJECT: ...ttt 22

2.6.4.MBQA PIOJECES ...ttt es 22

2.6.5.G008 PrOJECTS ...t 22

2.7 Labor PIANNING: ..ottt 23

3. Optimal Labor RESOUICING.......ccveiuieieeieeieeteseesieeteeteeste e sree e ete e e sraeaessaesseessessaesseenes 25
1200 111 0o [ od 1 o] o TSRS 26

3.2 DYNamiC Programiming.......cocceeerriieieieinirineeseieiesesseseese et ssesesessesens 27

3.3 Resource AHOCation ProbIEMS ..o 30

3.4 Methodology of Optimal Labor RESOUICING.........c.cevevevevererereieieeieceeeeeeeeeans 30

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

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

4. Optimal Solution Of Labor RESOUICING........ccueiiriirierinereeeeeeteese et 44
AL INEFOAUCTION <.ttt e e es 46

4.2 lllustrative hypothetiCal CaSe..........cvvviieieieiciciece e 47

4.3 Multi-Skilled Labor Distribution SOFIWArE............ccoieeieirirriieeerccee e 59
4.3.1 Labor Resourcing in a Large Project.........cccoovviviereieveverereeeeeeeeeenne 59

4.3.2 Labor Resourcing for MUlti-Site ...........cccoviviiiviiicieeeeeeeeee e, 61

4.4 Labor Resourcing in Construction Management............ccccceeeerennrinererenesesesesesens 62
4.4.1. MUItI-SOIULION CASE......cveveeirirrieieiriririeeiete sttt 63

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

4.4.3 A sites with an identical productivity equations Case ...........ccccoeeeeernnnen. 61

4.5 MUILI-StAQgES PrOJECE CASE .....vvevieirieieieiiiiiesie ettt s 69

4.6 Labor ResoUrcing Case-StUAY ..........ccuvuviriririririririnieieieieiereie e sssseeses s 71

5. Conclusion, Recommendations and FUture Works............ccocevenenenenenenienenieeseneen 80
5.1 CONCIUSIONS ...ttt ettt bbb 80

5.2 RECOMMENTALION ... es 81

5.3 FULUIE WOTKS. ...ttt es 82
REFERENGCES ...ttt sttt ettt bbbt esesaa s e st esassanseseesensens 84

viii



Table of Figures

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

Figure 3.2: The flow chart of the developed program




Table 3- 1:
Table 3- 2:
Table 3- 3:
Table 3- 4:
Table 3- 5:
Table 4- 1:
Table 4- 2:
Table 4- 3:
Table 4- 4:
Table 4- 5:
Table 4- 6:
Table 4- 7:
Table 4- 8:
Table 4- 9:

Table 4- 10:
Table 4- 11:
Table 4- 12:
Table 4- 13:
Table 4- 14:
Table 4- 15:
Table 4- 16:
Table 4- 17:
Table 4- 18:
Table 4- 19:
Table 4- 20:
Table 4- 21:
Table 4- 22:
Table 4- 23:
Table 4- 24:
Table 4- 25:

Table of Tables

The d andx values POSSIDIITIES...........cooiiieiii e 34
General form for the results of the first Step .........ccocvvvviiiiiiiiee, 36
General form for the results of SECONA SLEP........ccovvriririiiiiieere e, 37
General form for the results of the first Step .........ccoovvvviiieiiiie, 38

The general form for the results of the forward solution. .............ccccoevveviinnen, 39
The results of stage 5 for illustrative hypothetical case ...........ccccccevevveiriienen, 50
The results of stage (4) for illustrative hypothetical case...........cccocevvveiiiennen, 51
The results of stage (3) for illustrative hypothetical case............cccocevvverviinnen, 53
The results of stage (2) for illustrative hypothetical case............cc.ccocvvvvnivennnnn, 55
The results of the first stage for illustrative hypothetical case............c.ccccevnee. 57
Labor distribution among sites for illustrative hypothetical case ...................... 58
The checking method for illustrative hypothetical case.............cccccocevveveiiennn, 58
The optimal distributed labor among project activities............ccccceeveiieeieiieennnn, 60
The validation method for large project Case ..........covvevvvereivieveeve e 61
The optimal distributed labor for different data inputs. ..........ccccceeevievvenenne. 62
The results of stage (1) for multi-SOIULIONS CaSE..........cevvervrieiieieie e 64
Multi solutions for labor diStribution. ............cccooiiiiiininiee e 65
The validation method for multi-solutions Case...........ccocveverieiceenesie e 65
Different distribution labor due to different equations of productivity............ 66
labor distribution for an identical SiteS WOrK..........cccoovevviieiieiiic e, 68
The validation method for an identical SiteS WOrkK ...........cccccveveivenviinieennene 68
The results of the first stage for multi-stages project Case ...........ccocevvvevrnennee. 69
The results of the second stage for multi-stages project case ..........c.ccocveeveneee. 70
labor distribution for multi-stages project Case ..........ccoovvererereneneseecees 70
Selected activities ProduCtivity rate ...........cocooeiereiinieee e 74
Selected planned monthly man days ... 74
The data of developed MOdel ..o, 76
The data and results 0f CaSE L........cccevviieiieiice e 77
Comparison between company data and developed model results.................. 78
The data and results OF CASE 2........cocviiiiiiiiere e 79




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

Xi




	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

