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MODELING LEARNING CURVES FOR CONSTRUCTIONAL WORK
ACTIVITIES IN JORDAN

By: Razan Mohammed ALShera’a

Supervisor: Assoc. Dr. Ibrahim A.Mohammed

Abstract

Productivity of laborer ‘s in the construction site was studied in this thesis, for their
productivity of the main factor affecting time required to complete the construction project.
To the knowledge of the thesis, there have been no previous studies in Jordan that tackled
to the curves of learning in predicting the exact time required for construction work.
Objectives of this thesis are to measure the amount of improvement in laborer's, production
in repeated construction processes, and to find learning curves for the number of selected

activities. It was necessary to clarify the factors affecting the productivity of the laborer's.

Two research strategies were used in this study. The first was the field survey, choosing
two case studies, selecting five work assignments and reading the time required for each
task to calculate the productivity of the laborer's to accomplish each. Task and then
calculate the time required to accomplish all of them. By monitoring the performance of
laborer’s using a stopwatch. The researcher also interviewed a number of project
management professionals, engineers and contractors. As for the second strategy, the
construction of a questionnaire was distributed to 140 engineers in the ministries of public
works and housing and to employees of Ministry of Municipal Affairs, where 104

responses were obtained around the most influential laborer's on the site.

As a results, the study found that the percentage of learning ranged from (1.801 & 2.486)
for column works and ( 3.842 & 6.122) for stone works, (3.94 & 9.7) for tile works, (4.42
& 3.64) for plastering works and (5.867 & 11.25) for paint works. The reason for the
variation in proportions is due to abundance, material availability, weather conditions and

temperature humidity which are more likely to be affected.



Therefore, it is necessary to document the time necessary to complete the tasks to
establish a fixed database in Jordan to be compared in addition to the expansion of the

study to a larger number of construction work tasks as well as factors affecting them.



Table of Contents

ACKNOWICAZGIMENLS ..ouuuerriiiirnriicsssnrncsssssnrecsssssssessssssssosssssssessssssssssssssssssssssssssssssssssssssssssssssssss ii
DEDICATION ..cciiiiiinniicisssnnnccscsnsessssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssss iii
Table Of CONTENTS ...uuueierverieiserinssnnensseresssnnessssncssssnssssnsssssnssssssssssssssssssssssssssssssssssssssssssssssses vi
List of Tables........ccceevureervurccsnncene viii
TADIE Of FIGUIES .ccceueriirrnrinisnninssnnisssnnissssnessssnsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassses ix
Chapter one..........ccovueecrcueccsnneene 1
L. INErOAUCHION...cuueiiiinricierinsnressnresssnessssnssssssossssssssssssssasssssasssssassssssssssssssssssssssnsssssnsssssnssss 1
1.1 Learning Curves TREOTY .....c.cccveiiiiiiiiiecieeie ettt ee e eere et teesteeseeessbesssessseessaesseessaessnenes 1
1.2 Problem StatemMENL ........cccvvervieriierieieeeteeiteete et esteesteesereseseesseesseesseesseesssesssesssessseessessseessesssneans 3
1.3 TRESIS ODJECHIVES ....eeeiiieiieeiieieestte sttt ettt ettt et e st e et e et e bt e bt e sbtesbeesatesnteenteenteesseesseesnnenas 3
1.4 Research SI@NITICANCE ........ccuiiiuiiiiiiiieie ettt ettt sttt ete e saeesaeesaeeeas 4
1.5 ThesiS OTZaniZAtION .......ccveevvierieeriieieeereeireeteesteesteesseesssessressseesseesseesssesssessesssesssesssesssssssasssneans 4
Chapter Two: Literature Review 6
2.1 TNETOAUCLION ...ttt ettt ettt et et e st et e st e ententeeseeneenseeneensesneeneenseeneens 6
2.2 PrEVIOUS STUAICS ... .eecviiiiiiieiii ettt et ettt e etee et e et e et e e eteeestbeeeaveeesseesasesesseesasesesseesnseeenes 6
2.3 Discussion of Literature REVIEW .......c..ccveviiiiiiiiiiieiieceeete e ere et ereeseesereesressseesseessaessnenes 17
Chapter Three: Methodology & Data Collection 18
3.1 Research MethodOLOZY ......cc.ecviiiiiiiieiieieecitestte ettt ettt e v e e beebe e teestaestbeseressseesseenens 18
T I (o I o) 1 16 SRR 21
3.4 ConStruCtiON WOTKS: .....iiiiiiieiiieiiieie ettt ettt e st e st e esteeste e saesseesssesaseenseenseennes 23
3.4.1 Columns CONSIIUCLION. ......eerierirrieerieesteesieete et eteeteesseeseeesereesseeseesseesseesssesnsesnseensesnnes 23
342 SEONE WOTK ...ttt ettt ettt et e et e st et e ese et eseeseenseeseeneeseeneenes 24
3e4 4 THHIEZ ettt ettt b ettt ettt s st eb ettt et et et et n e st ettt aenten 25
T S B o 1 L TSRS 26

3.5 Data Collection for the Case StUAY: ........covverierieiiierierieeesee et sreestresresreesreesveeans 27
35,1 FITSE PTOJEC .utiiiiiitiiciie ettt ettt ettt et ta e eabeeabeesbeesbeestaessbessbeenbeesseenseenens 27
3.5.2 SECONA PIOJECL....cutiiiieiieiierie sttt ettt sttt e ste e st e s e esbeesbeesseessnesnseenseenseennns 31
353 IERIVIBWS ..ttt ettt ettt ettt et ettt et e bt e s bt e sheesaeeeat e e be e bt e sbeesaeesaeeeabeenbeenbeenes 34

Vi



3.6 Data Collection for the QUEStIONNAITE. .........cccveeeeuiieiiieeiie et eectee et esreeeveeesveeereeeeaeeeveeenes 35

3.7 QUEStIONNAITE DESIN ....ccvieiiiieieiieiieeieeieeseesteste e e ebeeseesseesteessbeasseessaessaesssesssessseesseesseensns 35
3.7.1 The Validity Of CONENE .......ooiuiiiiiiiieiiiee ettt e 35
3.7.2 Validity and Reliability of the QUEStiONNAITe ..........ccceevvrrveerieerieenierie e e 35
3.7.3 Population And Sample SiZe........c.oooviiiiiiiiciiieciiecee ettt 37
3.7.4 MeEaSUIre€mMeNt SCAIC ......ccuiiiiiiiiitieitieeie ettt ettt ettt s e et e e b e e 38
3.7.5 Normal Standard DiStriDULION ........c.ooueeiiiiiriieieiee et 39

Chapter Four: Data Analysis and Discussions 41

4.1 Equations Used in CalCUlations ...........ccvevierieiiieiieeriieniesiesreereereesieeseesesesssessseessesssesssnenes 41
4.2.2 Stone Works for Project ONe ........cceeviieiieiiieiiecieeeeie ettt 44
4.3.3 Tiles WOrk fOr ProOJECt ONe.......cccviiiiiiiiiieiicrie ettt steeseaeseveeveeseesraesseesene e 45
4.2.4 Plastering Work for Project ONe ..........cocuieviieiiieiiiiieeieeiteeeitesete sttt 46
4.2.5 Paint Work for Project ONe.........c.cccviiiieiieriieriecie ettt ere et e seeeseaesevesseeseesseessnessnenes 47

4.3 PTOJECE TWO .ttt ettt ettt ettt sttt ettt e be e e at e s at e et e e bt e bt e bt e satesnteenteebeesseesneens 48
4.3.1 Columns Work for Project TWO ......c.cccuieviieriieriesiecie ettt seeeseve e ereesraeseeesene e 48
4.3.2 Stone Works for ProJect TWO......coeevieriiriiriiniiiieiesteeni ettt 49
4.3.3 Tiles WOrk fOr ProOJECt TWO ..cveeviiiiiiiiiicieeieeeeste ettt ettt sv e veereesreesaeesene e 50
4.3.4 Plastering Work fOr Project TWO .......ccceevvieviieriieiiecie ettt sre e eve e seeesene v e 51
4.3.5 Paint Work for Project TWO .....coceiriiiiieiieteieeee ettt st 52

4.4 DIISCUSSION ....eeutieiieeite et et eetteetteeate e bt e bt et easseesateeaseeabeeseesssesssesnseanseenseeseesssesnsesnseenseesseesnnens 53
4.4.1 Considered Data of Project ONe..........cceeevieviieriieiieiiiciicie ettt sresere e ereesreeseeesene e 54
4.4.2 Considered Data of Project TWO ....cccoviiieiiiniiiiiiieenieeeses et 54
4.4.3 Learning Percentage COmMPATISON ......cc.eeeeruiriiriieriiniieienieeienie ettt etesieesee e sieesesaesaeens 55

4.5 Analysis of QUeStONNAITE OULPULS: ....eccviereieriierieeiieetierieseesteeteeteesseesseessaeeeeeseesseesseessnenns 60

4.6 Statistical Analysis of the QUESLIONNAITE: .........ccuerrvierrieriierierieeteeieesee e sre e eeeesreeseeesene e 61

4.7 Comparison between the Results of Field Analysis and the Results of the Questionnaire:.... 63

5.0 Chapter Five: Conclusion and Recommendation 65

5.1 CONCIUSION: ...ttt ettt ettt e ettt et e st e et et e ee e et e et e enteseeseeneesaeenseseeseenseeseensanseeneensenneenean 65

5.2 ReCOMMENAATION: ...eviiiiiiiitieiitiet ettt ettt ettt et et sb et s be et be e st et e e beenees 67

5.3 FULUIE SUAIES: ..o.veeniiiiiiieieeieeet ettt ettt ettt ettt sb et bt st ae bt et e b eaean 68

References........coueeecseeccsnnnee 69

Vii



List of Tables

Table 2.1: Summary of previous StUAIES ........ccccveieriieeiiie et 15
Table 3.1: Different Thesis Strat€@Ies .......cccvreriuiieriieeiiieerieeeieeeecreeereeesreeesreeesreeesaneeens 18
Table 3.2: Data Collected for the First Project ........ccccooviveiiieiiiiieieeeeeeee e 30
Table 3.3: Data Collected for the Second Project..........cceeeviieeiiiieiiieeieeeeeeee e 33
Table 3.4: Analysis of the qUEStIONNAITE .........cccuvevuiiiiiiiieeiieee e 36
Table 3.5: Pearson COTelation ...........coccevieierierienieriieieee et 37
Table 3.6: Statistical significance 1evel ...........ccceeviiiiiiiiiiiieciie e 39
Table 4.1 Analysis of the QUESHONNAIE..........cccvieriiriierieeiierie et eae e 61
Table 4.2: Mean INtETVAL.........ccieiuiiiiiieiieiesieie ettt st 62
Table 4.3: Pearson COTelation ...........coeorieieiienierieriieeee et 62

viii



Table of Figures

figure 1.1: shows the decline in the time taken to perform the work when repeating this

work a number of times (Mohammed & Khalil, 2013) ........cccoooiiiiiiiiiiiiceeceee e, 2
Figure 2.1: Optimal S-Curve for ConStruCtion ............ceceeverierienienienienieneeeeee e 13
Figure 3.1: Thesis MethodOlOgY .......c.cooiiiiiiiiiieiieeiieieet et 20
Figure 3.2: Site Locations Used in Study (Google Maps, 2019).......ccceevvrevienieeciienireneens 22
Figure 3.3: Typical Column in ConstruCtion ............coeevuerieriienieeiinieeieeie et 24
Figure 3.4: Stone Building.......c..cooeiiiiiiiiiiiiiic e 24
Figure 3.5: Plastering......c.cooiiiiiiiiiieiieee ettt ettt ettt sttt 25
FIgUIE 3.6 TIIINE ...eeiiiieeee ettt ettt et sttt e et eseaeenneen 26
Figure 3.7: Paint WOTK......coooiiiiiii ettt et 26
Figure 3.8: Project 1 PIan ........coiiiiiiiiiiice e 28
FIGUIE 3.97 PTOJECT L.ttt sttt 29
Figure 3.10: Project 2 PLan ......cocooiiiiiiiiiiiiceeteeeet ettt 32
FIgUIe 3.11: PIOJECT 2.ttt st st 32
Figure 3.12: Percentage of Each Personnel Category.........ccccevviiiiiiiiiniiniieiniciiceiceee 34
Figure 3.12: Normal Standard Distribution ...........c.cccooieriiiiiiniiiiiieicecceeeee 40

Figure 4.1: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and the Section NUMDET ..........ccccuieiiiiiiiiiiiiiieieeee e 44

Figure 4.2: Graphical Plot Representing the Relation between Time Required to Complete
the Work and the Section NUMDET .........c..ccccoiiiiiiiiiiiiiieee e 45

Figure 4.3: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDbET ..........ccooviiiiiiiiiiieceeeeee e 46

Figure 4.4: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ..........ccooviiiiiiiiiiiiiececeeee e 47



Figure 4.5: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ..........coooviiiiiiiiiiiceeeceece e

Figure 4.6: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ..........ccceoiiiiieriiiiiiecieeieecee e

Figure 4.7: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ..........coooviiiiiiiiiiieeeeceece e

Figure 4.8: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ........cccoeviiiiiiniiiiieieeieee e

Figure 4.9: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ..........ccoeviiiiierieeiiienieeieeeee e

Figure 4.10: Graphical Plot Representing the Relation between the Required Time to
Complete the Work and Section NUMDET ........cccceeviiiiiiiiiiiieieeieee e

Figure 4.11: Learning Percentage for Column Work ..........ccccoeviiiiiiiniininniniccne
Figure 4.12: Learning Percentage for Stone Work ..........ccccoveviriiiniininicniinicicnecenene
Figure 4.13: Learning Percentage for Plastering Work ..........ccccoceiiiiinininniniincnne
Figure 4.14: Learning Percentage for Tiling Work .........c.ccoceiviriiniininiiniiicecee

Figure 4.15: Learning Percentage for Column Work ..........cccccoeiiiiiiiiniininniniccnne



