Systematic Examination Techniques for Planning and
Scheduling Among Saudi Arabian Construction Firms

by

Abdullatif Mohammad Hamad Al-Abdullatif

A Thesis Presented to the
FACULTY OF THE COLLEGE OF GRADUATE STUDIES
KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DHAHRAN, SAUDI ARABIA

In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE
In

CONSTRUCTION ENGINEERING AND MANAGEMENT

October, 1990



INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may
be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

University Microfiims international
A Bell & Howell tnformation Company

300 North Zeeb Road. Ann Arbor, MI 48106-1346 USA
313/761-4700 800/521-0600




Order Number 1355708

Systematic examination techniques for planning and scheduling
among Saudi Arabian construction firms

Al-Abdullatif, Abdullatif Mohammad Hamad, M.S.
King Fahd University of Petroleum and Minerals (Saudi Arabia), 1990

U-M-1

300 N. Zeeb Rd.
Ann Arbor, MI 48106




}

*ﬁ&i&iﬂ%ﬁ%@s&%

¥

}
!

%WW’WW%@WW KREE 3 S S SESENR SR S E

eIl el e el e el el el el el el el el el el el e el

@s@%b%b%b%L%i%&iﬁ&i%i%ﬁ%i%b%&i%i&b%ﬁel%b%b%t%b%@z

SYSTEMATIC EXAMINATION TECHNIQUES
FOR PLANNING AND SCHEDULING AMONG

SAUDI ARABIAN CONSTRUCTION FIRMS

BY

ABDULLATIF MOHAMMAD HAMAD AL-ABDULLATIﬁ

A Thesis Presented to the
FACULTY OF THE COLLEGE OF GRADUATE STUDIES

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS
DHAHRAN, SAUD! ARABIA

LIBRARY ———
KING FAHD BNIVERSITY OF PETROLEUM & RIRERALS
DHANRAN - 31261, SAUDI ARABIA

In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE

In

CONSTRUCTION ENGINEERING AND MANAGEMENT

OCTOBER, 1990




KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DHAHRAN 31261, SAUDI ARABIA

COLLEGE OF GRADUATE STUDIES

This thesis, written by ABDULLATIF MOHAMMAD HAMAD AL-ABDULLATIF under the

direction of his Thesis Advisor and approved by his Thesis Committee, has been presented

to and accepted by the Dean of the College of Graduate Studies, in partial fulfillment of

the requirements for the degree of MASTER OF SCIENCE IN CONSTRUCTION

ENGINEERING AND MANAGEMENT.

afeC
A

l
A 32?

/

I A S,

-

-

THESIS COMMITTEE

NI )

(oS aTe———

Dean, College of Graduate Studies

| Date

Dr. Ali Ali Shash (Adviser)

=l /,//,_; 7

Dr. Sadi Assaf (Merfiber)

Dr. Munir Ahmad (Member)







Dedicated to my beloved

Father and Mother

Jor their continuous support

and Encouragement.

And to my Brothers, Sisters, wife,
Friends and all of my Relatives,
who had put up with so much
while I worked on this thesis

and helped so much in the effort.

Y

), ? \
\(v
-\_ﬁ
& o Ll
_j" -oLJ\'—LMBU.:f_a sbas
g))”t-/ '//4-:/~

) Iyae ALo \sf.?

Q)@’)' 5 LU\,)‘ i‘,_'/;.)' L@v‘:l

U@VCJ(&G): e ’&‘,ﬁw .
/// “ = / -

w}b 3&;\9‘3(5’3.19
Pollaging
@j)) /'\-g‘w-’ Wu"sj‘u

///

\__.,,1 i et Uss
@@9 ij



ACKNOWLEDGEMENTS

I am most grateful to Almighty ALLAH for giving me the opportu-
nity to pursue my M.S. Degree course and for the capability to do this
work.

[ sincercly thank my thesis advisor, Dr. Ali Ali Shash, for his contribu-
tions in this work, his encouragement and his guidance. He showed tre-
mendous interest in knowing my day-to-day progress throughout this
work, which turned out to be a major motivating factor for me. His easy
accessibility for stimulating discussions has been a source of inspiration.

I am thankful to Dr. Sadi Assaf and Dr. Munir Ahmed for serving on
my Thesis Committee. They have my deep appreciation and gratitude for
their valuable suggestions and support. I am privileged to have worked
under these experienced professors on my thesis.

I would like to thank all of those pcople in the construction industry
who have been so helpful by completing the lengthy questionnairce and who
have offered advice and guidance. In particular, I thank Al-Najim Co.,
Al-Khodairy Est., Al-Tamimi Co., FAFCO, PETCON, Ballast Nedam,
You One Construction Company, and all the other firms listed in Appen-
dix C, among so many others who have given their time and access to their
records.

Financial support provided by King Fahd University of Petrolcum &
Minerals (KFUPM) is gratefully acknowledged. My appreciation also gocs
to Data Processing Center of KFUPM for providing exccllent facilities to
the users.

I appreciate and thank very much Mr. Jayaraman and Mr. Basheer
for their help in typing this manuscript and to Mr. Yousef Al-Yousef for
his help in computer statistical analysis. 1 also thank Mr. Nazar Jalouk
and Mr. Abdulkarim Al-Harbi for drafting work. In fact, [ am indcbted
to many other fricnds whose contributions are difficult to recollect and
cxpress here cxplicitly.

Finally, my profound thanks are duc to my parcents, brothers, sister
and my wife, for all their love, affection and well wishes which have
always kept my spirits up. It is their sacrificc and farsightedness which
made this work possible.

-ii-



TABLE OF CONTENTS

Page

ACKROWIEAGEMIENL ..................connoeeeeeeeeieeeeeeeeeeeeeererereee e oo e i

Table of Contents................uuunueeeerannne., rereereren et tet it en e s eaernaatrarabaessrsnes 17

LiSE Of TABIES ... er e et ix

LISt Of FIGUFCS ...t eee e e eme e et xii

ADBSIFACE ..t eeeee e erer e ee s es e ettt xv
CHAPTER 1

INTRODUCTION .coovcuvevrerrreersesres o essenssessseessessesssessoessseese oo 1

.1 Saudi Arabia Development PIans........ccceueeeeeevereeereerereresorsesene. 2

1.2 Significance of the StUAY ......cceevveveieieeeeeeeeeeeeeeeeeeee e, 3

1.3 Statement of the Problem .....coeucveveeiecvereeeeeeeeeeeeeeeeeeee o, 6

1.4 The Study ObJECtIVES ...ceouvvvevieieiteeeeeeeeeeeee e 9

1.5 Scope of the StUAY ....coeeueeviveeeeeieeeeeeeeee e 10

L6 DEfIMItion c..cueeceinieineeiieeeeeeetee e e e 10

1.7 Structure and Organization ...........ceeeereeueveeeveseerereeeeeooeeeoeesen, 14
CHAPTER 2

SYSTEMATIC EXAMINATION TECHNIQUES (SET) FOR

PLANNING AND SCHEDULING........cocoeeeeeeereeeeeseeeesioeeeeeeen, 16

2.1 Critical Path Method (CPM)...c.c.ouiueeeeeeeereeeeeeeeeeces e 23

2.1.1 Historical Development ......coecveveeveveeneeereeseeesesensnnnns 24

2.1.2 Purposc and Uscs of CPM Network eeeeveeeeeeersseanannn. 25

2.1.3 Advantages of CPM NetWorK...oooeeeveceeeeenneeerennnnn, 25

-iii-



2.2

2.3

2.4

2.5

2.14 Disadvantages of CPM Network .........oveeeeeeeuernnnnn., 27
2.1.5 Basic Data for CPM Network.......oooeeeevevemrverereenn, 27
Precedence Network Diagramming ({24 N1 ) OO 30
2.2.1 Historical Development ..............cocoueeeeeveerereeerro, 31
222 Purpose and Uses of PND NetWork ......veevvvveonn... 32
2.2.3 Advantages of PND Network ..........oocveeeeverersnernnnn 34
224 Disadvantages of PND NetWorK........veeeceevevesunrenrnnnnn, 35
2.2.5 Basic Data for PND NetWork........cooeeeereverersrennnnnn, 35
Program Evaluation and Review Technique (PERT)................. 37
2.3.1 Historical Development ......cvvucveeevieeecneeeeeeeeseeean, 38
2.3.2 Purpose and Uses of PERT NetWork .....ooueeveevenn.... 38
2.3.3 Advantages of PERT NCtWork ......ceceveeeeveveverennrennan. 39
2.34 Disadvantages of PERT NCtWork......o.ccvevvvvermennnn.n, 40
2.3.5 Basic Data for PERT NetWork ......oocovvveveveveverveoonn, 41
Graphical Evaluation and Review Tcchnique (GERT) ............ 44
24.1 Historical Development ........o.ceeeeeeeeeevnvrereeeeeeeo. 44
24.2 Typical GERT Application Problems........eveeveeeennn.... 45
243 Basic Data and Procedurc of GERT woevevevereeevvrnn, 46
2.4.4 Advantages 0f GERT.......uveecvveeeeeeeeeeeseeeeeeseereo 50
24.5 Disadvantages of GERT .......cuvvveeeeeneeeesererese, 51
Gantt Bar Chart (GBC) vuuceveveceriveceereeeeeeeeee oo 52

-iv-



2.5.1 Historical Development .......cveeeeeeveemeeeeeceeeceenreeeneen 53
2.5.2 Purpose and Uses 0f GBC.......cceeveeveevreeeireineenriveneas 53
2.5.3 Advantages of a Gannt Bar Chart.........ccceevveverernenennes 54
254 Disadvantages of a Gannt Bar Chart.........ccceeeuvunene. 55
2.5.5 Basic Data for a Gannt Bar Chart ........ccceeuervevenennenene. 56
2.6 Fencing a Bar Chart (CPM/PERT/GBC)(FBC).......cocoveueme... 60
2.6.1 FBC as Accumulative Project Progress.....ccccoceveuvenneee. 61
2.6.2 Human Factors and Communication Problems of
Both CPM and PERT ......cccovevviientriercereceeeeeneeseenens 61
2.6.3 Advantages of FBC........ccocevvruveeeeveninerercenrienrereseenes 62
264 Determination of thc Planning and Scheduling
Information on the Fencing Bar Chart (FBC) ............ 63
2.6.5 Basic Data for FBC.......cccocvvvueerecemreeeeereeeeereneeee e 65
2.7  Comparison of SET as a Planning and Scheduling Tools .......... 66
2.7.1 Comparison Between CPM and PERT ......cceueeunnee. 67
2.7.2 Comparison Between PERT and GERT ..................... 68
2.71.3 Comparison of SET ....c..oiveevieviereeeteeeeesteeee e 69
2.74 Selection of SET by Construction Partics.................... 74
CHAPTER 3
RESEARCH METHODOLOGY .........ooouieimeeeeeeeeeeessseesesseseseeseesessessessssanen 76
3.1 General Rescarch Approach...........ceeeeeeceeeeceeeesreeoseseesseseeseesses 76



3.2

33

34

3.5

3.6

3.7

3.8

ReqUIred Data ...coveeeueeeeereeeeeeceiiicrieeete et eeeeeeseseneesseaeneans 79
DALA SOUICE...vvverrvenerrssreeeseesseseseseseseeessseessesesssesssesesessssersssssseesens 81
Sample Survey’s Data Collection ........o.ceveveeveemerueeseereeeeeereneenes 81
Sample Survey’s Questionnaire Development.........oeeveeneeeeenene. 82
Sample Survey’s Questionnaire DEsign .....ocvvvervvvererirersircereeens 83
Sample Size Determination and Selection...........eecvvueverivervennne. 86
3.7.1 Sample Size Determination ........ceeeveeeevereerveeeevennes 86
3.7.2 Sample Size SelcCtion........cevvereeeereererrcereenreeireeneeeeens 88
Statistical Data Analygis and Mcaqurce 89
38.1 Scores for Ranking of Factor Categorics .......c........... 90
3.8.2 Statistical Techniques: Rcliab.ility and Validity......... 94
383 Correlation .....cieeececcerccenenerercecee e e 97
3.84 Correlation MatriX......cooeeveveveeieecreeeceeececee e e 101

CHAPTER 4

SET IMPLEMENTATION AND UTILIZATION IN SAUDI ARABIA ....102

4.1

4.2

Characteristics of Respondents’ Firms........ocoevevevevvveveveeseveeennn 102
SET APPHCALON ettt eese e ee e sea s etasnanes 11
4.2.1 Contractor’s Familiarity with SET........ 11

-Vvi-



4.3

4.4

4.5

4.6

4.7

4.2.2 SET Utilization ......ceeeevveveeveeeneeesenennne 114
4.2.3 SET Function.......ccoecvveeecvneennernnnneensnnes 128
4.2.4 Contractor’s Major Concerns of SET ...137

SET Advantages: A Contractor’s VIiEW.......ccoceeeeervrreeecrneensrnenns 142
4.3.1 User’s Level of SET Information .......... 147
4.3.2 CoSt SAVING ..cevvieiriiieiririinnrrierecrinenennns 157

4.3.3 Level of SET Importance to Firm's
Success: A Contractor’s View............... 162

4.3.4 Degree of Success in Achieving SET
Benefits: A Contractor’s View.............. 166

Criteria for Successful SET Implementation........cccveeevvveruvennenne. 168

4.4.1 Success Factors of SET Implementa-

4.4.2 Factors for SET Spurious Application..182

The Hypothesis Testing of the Significance of the Correlation

CoEffICICNT RALIOS Favrrniieiieiiieeriereierieeereereennsseeeeeseesesnnesssssnnsesssenas .188

The Difference Among the Three Sized Groups By Variance
ANALYSIS cevneiririieiieriiiinienrcere s e esstreeesssrressr s s anree e s senasessessnne 192

Gencral Comments by Participating Contractors.......ceeeuveeneen. 201

-vii-



CHAPTER 5

Page

SUMMARY, CONCLUélONS AND RECOMMENDATIONS.................. 207
5.1 SummaryA ..................................................................................... 207

5.1.1 Summary of the ReSearch ..........ooowovveeeeooooooooooon 207

5.1.2 CONCIUSIONS ...t 209

3.2 RecOMMENALIONS ......uovvermrverreeneeeeeeeeeeessseoeeoeoooeoooooeoooo 215

5.2.1 General Recommendations...........eeveeeevsovooeoooono 215

522 Recommendation for Further Rescarch.n........ 219
APPENDICES ....ooooootteesiceeeeenssasnne s eeeeeseeeeeessees oo eeeeeoeesesee oo 222
Appendix A : Construction Firm’s Questionnairc.............oo.......... 223

Appendix B : Pearson Correlation Output Between All Ques-

tions and the Computation of Spearman, Partial

and Multiple Correlation Coefficients Ratios with

Their DIagrams «.....o.eeeveveveceveeeeeeeeeeeeeoeoooo 234
Appendix C : Construction Firms’ Names and Locations............ 271
BIBLIOGRAPHY ...coommmrrteeeeccereveeeraeesessooseeeeeessese e eooeoeooeeeeooeoee 275

-viii-



TABLE

2.6.1

3.1
4.1

4.2
4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

LIST OF TABLES

page

Comparison of (SET) as Planning and Scheduling Technique

Through Fundamental Features .........co.ecveereeveverereerseeessreresesssssenens 70
Statistical Techniques Used in the Analysis of Data ........coceevevreurenne. 95
Number of Questionnaires Distributed and Collected at Various

LOCALIONS.....o.eeieiteteteceite ettt seeese et se s enane 103
Firms Characteristics. .. ..eerrrrrrerieeeeieseeeeceeceeneeeeesseseecssssessssssesssesns 104

Cross Tabulation of the SET Known by Respondents and Each
Of the TCSt GrOUPS.....eveerureererieerieeececseteneeaeaeeeeseeeeaesssseesesssssesssasassssens 113

Cross Tabulation of the SET Utilization and Each of the Test
GIOUPS ..ttt ettt teseseetesssessessessasessesssssessesssssensesessssrsens 116

Cross Tabulation of the SET Utilization and Each of the
Respondent’s Principal Work ACtiVity......civeeeeeeeerereeeeeererseseseserereene 118

Cross Tabulation of the Valuc of Average Job Size and Each of
the SET Used by ReSPONACNLS .....ovueucvieemvieeereneeeneeseeereseseesessssseenes 119

Cross Tabulation of the Value of Average Job Duration and
Each of the SET Used by ReSpPONdents......c.e.cuveeeeveeeeeceeerereseeeenrnens 121

Cross Tabulation of the Frequent Utilization Criteria and Each
Of the SET IMPIEMENLEd ....vvveeiieeeeeneeeeeeeeereeerereeseseseeessesesssesesesssssens 122

Cross Tabulation of the Percentage of Cost Saving and Each of
the SET IMPIEMEnted.......cucviievieeeereeieinceeeeeeieeeeeeeesesseeeessesssesssssssssssnns 123

Distribution (Percentage) by size of firm with Frequent Utiliza-
tion of the SET Bascd on USing Criteria..........oveveeeeereereeesrsrersreresrens 125

Distribution (Percentage) by size of firm with Aspect of SET
Implementation with each of the Test GIoUDS covveevecee e e, 130

Mcan Rank for Aspect of Utilization of the SET for the three
Lest groups according to Importance INdCX....voviveeeveeveeveeerereeerennns 132

-ix-



4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

Mean Rank for Aspect of Utilization of the SET for the three
test groups according to Success INAeX .....covvveevveecerrirennnivecsnecnerenneennns 133

Mean Rank for Aspect of Utilization of the SET for the total
lSrl\llr[\)f;aycd Population according to both (IM IND) and (SUC

.................................................................................................... 136
Distribution of Major Concerns of Top Management Regarding
the SET UtIlIZAtioN......ccveceereceereerieieeerereeeeeeeeeresneseessaeseeseesensasesnesennes 138
Distribution by Size of Firm with Benefits Obtaincd from the
SET Implementation Among the Thrce Groups .....c.ccceeevveveeeereeenenns 143
Distribution of Major User’s Level of Information from the SET
Implementation with each of the Test Groups.......ccoceeveevveeerereernenene 149
Mean Rank For User’s Levels of Utilization of the SET by the
three Test groups according to Importance IndeX........ccccvevuereeeeennenne. 152
Mean Rank For User’s Levels of Utilization of the SET by the
three Test groups according to Success INdeX.....coeeerervereereerereenvennas 153
Mean Rank For User’s Levels of Utilization of the SET for the
Total Surveyed Population according to both (IM IND) and
(SUC IND) ciitireeeecenreninenirisisesseresseessssessesseressessesessersesssssssesassenees 155
Distribution of Approximate (%) of Cost Saving obtaining from
SET IMPIemEntation c..c.cvveereeerierieneinrinreessiesieesseessesseeessnesssseessssseoseens 158
Distribution of Top Management Views as Important Technique
0 FIrM SSUCCESS «..veeererrierreierirerreeeeeeee e stesrereessesseeseersessensesesssenns 163
Degree of Success in achieving advantages Attributed to SET
UHHZAtION c..coveeiieetcrte et ene et sr s ere s s eseenes 163
Distribution of Different Criteria for Measuring the Successful
Implementation Of the SET .eivivviiieieeeeeeeceieseeveeseecneeesessessseesnessesens 169
Mean Rank of the Criteria of Measuring the Successful Imple-
mentation of the SET for the Three Test groups according to (IM
INDD) ottt e ae e sre bbb s s b e casatens 171
Mecan Rank of the Criteria of Measuring the Successful Imple-
mentation of the SET for the Three Test groups according to
(SUC IND) c.cuiiictrnentnietnetsestsseeesseressesssssesesseressessessesessasssensesenes 172
Mean Rank of the Critcria of Mcasuring the Successful Imple-
mentation of the SET for the Total Surveyed Population accord-
INZ 0 (IM TND) woueteciiteiesreecrcnete et es e r e e snens 174



4.28

4.29

4.30

4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38
4.39

Page

Mean Rank of the Criteria of Measuring the Successful Imple-
mentation of the SET for the Total Surveyed Population accord-
NG t0 (SUC IND)...ueeiieeereieteceeeteereeeetee e esressesseeessaerssnsessessessessenns 175

Distribution by Size of Firms and Reasons of Success Through
Implementation 0f the SET ....uuueiveireeeieiceeecceccre e eesnreeas 177

Mean Rank for Reasons of Success of SET Implementation by
the three test groups according to Importance IndeX....cceceevvrvenennene. 179

Mean Rank for Reasons of Success of SET Implementation by
the three test groups according to Success IndeX......eveeervereveercrerans 180

Mean Rank for Reasons of Success of the SET Implementation
of the Total Surveyed Population According to Both (IM IND)
ANd (SUC IND).ucoviiireerrreientticresttersessieeeseseesnestesevesnsssssssesnassnsenes 181

Distribution by Size of Firms and Reasons of Failure Through
Implementation of the SET ....cccceeveieiiiceeeeecere st e e eeees 183

Mean Rank for Reasons of Failure of the SET Implementation
of the three test groups according to Importance Index.......cccenenenn. 185

Mean Rank for Reasons of Failure of SET Implcmentation of
the three test groups according to Success IndeX.....cecvvvreeeeerenreenennnne 186

Mean Rank of Reasons of Failure of the SET Implementation of
the Total Surveyed Population according to Both (IM IND) and

(SUC IND) cciietieteecttrrriesetrreeestreestesstessesseestssssesssessasesassssnssesseene 187
T-Values of the Hypothesis Test of Factor Catcgories (All Tech-

THQUES) v e evierteeereentreeiseteesseersaeseesaeessessssenssessseessesssessessnsssserssesessessssnnen 191
Single Classification Analysis of Variance of thc Test Groups.......... 196
Analysis of Variance for the three test groups......ccoeeeveeveveereereecveenenns 198

-xi-



FIGURE

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
213
2.14a
2.14b
2.14c
3.1
3.2
4.1

4.2

LIST OF FIGURES

page
CPM Network DiagraM....c.ccceeveeeerereerevenenineereeenreriisssssesescssessnessnns 28
A Network Diagram of Reinforced Concrete (Retaining Wall)......... 28
"Arrow” Representation of SEQUENCE......cocceerrrreererererererereressessenenes 32
“Box” Representation of SEQUENCE ..........ccceerrrerrrerrererrererereiresseseenenenes 33
“(Arrows”” and “(Events)” Representation ............eeeeeeevererceceeeesuennns 42
PERT diagram involving only nine operations..........co.eeevevevevevvunnee. 42
GERT branching node symboliSm........cccvevveeemeeeeeiieereeeeeeeseereenns 47
Node Realization SYMbOolSM ....cceveeeveeeeceeierererecrcrieeereesteeee e 47
GERT nctwork of production eXample ......c.ccoveereveeevereineeenerecinenene. 49
Gantt Bar Chart......ccoeeeiiereirere et sae e e e ees 58
Manpower SChedUIE .....c..ocvvceereereerreeeeeeerereeeeec ettt 58
Bill of Material ........oovcoueereeicenirieeeeereeee et ese s 58
Equipment Schedule........ccovvverveerenrennnennn. N 58
A Network Diagram of Warchouse Project.....cvuevveeeeeveeeeiueeeeeeeseenens 64
Precedence Diagram of Warehouse Project cuvevevvevevevverereneerecenenne. 64
Fenced Bar Chart of Warchouse Project ...eueveereeeenenevreieneeeeenens 64
Analysis Diagram of Rescarch Methodology .......c.cceeeerevcnneneenennne. 78
Analysis Diagram of Sample Survey Questionnaire Design............... 84

Frequent utilization of the SET by Respondents (Construction
FITMS) coeit ettt et s st s ne e es e s e e s 126

Frequent utilization Criteria of cach technique included in the

-xii-



4.3

4.4

4.5
4.6
4.7

4.3
4.9

Systematic Examination Techniques (SET) .vevevveeveerereereesrereerssrones 127

Major aspects of utilization of each technique in the SET based

O USING CTIETIA vvovuvueucirrerecrieceiereeeseeceeeeeeeeseseseseseeses e sessssssssss oo 135

Major concerns of top management rcgarding the SET Imple-
CMENEALION oottt e et oo s et 140

User’s level of information gained from SET implementation........... 156

Approximate percentage of cost saving from SET implementation...159

Frequent users and the Approximate percentage of cost saving
PEr CONtract COSt AMOUNL......ceccveeruveeeeiiiieeeereeeereeeeeeseeeereeenesseeeseeen oo 161

Levels of Importance of the SET’s evaluation to firm’s success ........ 165

Degree of success in achieving advantages gained from SET
IMPIEMENTAtION 1u.vuveoeierreececteceeeeeeee e seeos e oo e ess oo 167

-xiii-




“ a3l

J——_AJJI.LFJI . A 4o Aa Wi abliloe : p————a¥ |

Ussadly bl paai) Loapill Lakis¥) il olds ULl e
el Ll el i sl Lelial

e SR NI R DOTLY S A ON-G Y |

e 261y Sl am, ¢ p———uldl

LU L ol 5 mad Tk Gl g el L) i plaiity ond] Fia
Loroadl Al ) el sl o, Lyt J i e L plly gl saisll Ylad kS W L]y e
JISAT 50y 11 aaly dia I J gea ) o8 S il oy LAl el aaptinll oty ol s ! . asanalt
okl gl ey dalas oll3 Gkl . UL sy g gla & pim o ml] s Waadis sl ol ol IS
Jlaly onbsiie lpaianls plaasy il 3300 Lo 005k Lbiltens pajlie o Jgumall a pgiSasy pgsl 03
Lty mtgy,@m‘;gwpwu;,.uuuumu_..u,n,,h_.hwl;,l,-ual Uy sttt
030 O L paaad| Ly ad LS LosSa laal pal (e w13 sy 130 o padl s g U3 1 Lt 3l 3 sl Yiiy A
Ll JSLAL dpiad sl 150905 el wlabas Aaud y St 1 S, bl il ol S s oYl
Sim e oplaal US il 10 g olgnnld U jos cam s G Fia ey Wda (s Jl2I ) A S311 3 il S0l 31 e
+ Casdlias aaddly el
s o sheel ¢ (CPM) Luall 5Lacy Gl Sl Skl U o Ll sl gt ] gy S Ll LY s
Jaadl galiyd Sud pan s ol ¢ (PND) !t Ll Ladawd! Ga gals o (PERT) Canl oy ol fadloal o
+(GBC) Jaal pals hlains « (GERN) Gt
el o Wl e 3l L LI L SORCUPL CHWR (IR I JNTINWE IRTINCNR (L LU
Ot Bl byions (T laian] Tty U eLY) lls Gl Lhas o Lkt Lt Ban Wl e Sl
Pl bl ol bl 500 gl s G g« aa e ¢ W Ylandad] G Laslll LS dl sl s
- Y laadal A gl Ll
il s il . Lo UYLl UYL L85 Wl S, Elaacay LI UY, rYe can il ) Jal gadl 030 a5}
g b a3 i 8 e g il y eyl S SR oy hT S e B e e a3 S
STV U 250 ) J i a5 eyl R pan 1Ll S, L3RY e 00ty 5250 S e il A
Pl Laa g (0 S an] i Uil (s . o g L2 (a1 UYs 25
o @0 e J Y Sl 13a LU T T I IOV BT AW by Sl ghs ag W1 Saadl] 1 5 ) e
Wl U el WLl 3 UL U pandt Laa g il ) Lol sl il i o il Loyl lanis
Uil e Lo gtn sl . e bl Oeo 329 e el 1igd laadl Jhadl 3 L] G2 glas 5 g3 ama g
£l Laladt 3,100 sy LY ol s oy Ldria Lil5dy dainca plysl 53S0 Ladall sl Tlaa)!
el sliats g e bie )1 gl s Uasl! JSLAL 0 Lumn 5 lp g i
ol Llas b e paliiens pilendy a5 T P LU [V VPR H LI TR
v Lelabieall claalull oy 1,230, LN b sl Jlasly Whasl) gl ol iy £k y oLl s ushs LS
.l.k:..-..L_.-..;,m,,..uwlu,gl,#muuugwgwlwseksdb
r)_h.” é}_\.‘....?l“ 4'.’_93
ol Ly Ll AUl Obglalt - Oslally Sy oll agh SULT Znels

-xX1iv-



THESIS ABSTRACT

NAME : ABDULLATIF MOHAMMED HAMAD AL-ABDULLATIF

TITLE: SYSTEMATIC EXAMINATION TECHNIQUES FOR PLANNING
%XIND SCHEDULING AMONG SAUDI ARABIAN CONSTRUCTION
RMS

MAJOR: CONSTRUCTION ENGINEERING AND MANAGEMENT
DATE : OCTOBER, 1990

This thesis, using a sample survey, will examine the implementation and utili-
zation of the Systematic Examination” Techniques (SET) as an effective tool for
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of reducing project cost and avoiding delays and litigation or claims. Achieving this
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increased construction project costs. To meet the abovementioned targets, the con-
cepts and principles associated with each technique must be defined and studied
carcfully. The SET includes CPM, PND, PERT, GERT and GBC.

A survey of 61 construction contractors from three regions of Saudi Arabia was
undertaken. The survey included questions asking for the technique implemented
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CHAPTER 1

INTRODUCTION

The progress and development of nations arc usually achicved over
a long period of time. Economical, tcchnological, cultural and industrial
development may take a century or more to reach a highly advanced level.
The Kingdom of Saudi Arabia has attempted to achicve that level of

development in a matter of only two or three decades.

The construction industry is one of the most important scctors in
any nation’s development plan. The volume of construction is an indicator
(barometer) of a nation’s progress and cconomic prosperity. Saudi Arabia
has cxperienced a construction boom of unprecedented volume during the
past decade, attracting construction profcssionals from all over the world.
The Saudi construction industry was the greatest contributor to the Gross
National Product (GNP) during the first two national five year decvelop-
ment plans.( 9, 38 ) It made a significant contribution to both economic

growth and employment.

The sheer enormity of the construction boom in Saudi Arabia and
the rapid cxpansion of the economy has resulted in many drastic changes
in the construction market. As a result, contractors and pecople involved in

business and government are feeling a tremendous cconomic impact. This




usually means that the construction cost control (by planning and schedul-
ing) must be maintained while achicving the same or improved quality of
work because this is the basic task for all concerned person involved in the

construction process.( 39, 51 ) In fact this dccline has brought with it a lot

of problems.
1.1 Saudi Arabia Development Plans

Saudi Arabia has had ninctcen years of planning cxpericnce devoted
to economic and soci.al culture development. The First and Sccond Five
Ycar Plans (1970-75 and 1975-80) were mainly concerned with developing
the basic infrastructurc. The expenditure spending during the First Five
Year Dcvelopment Plan was 80 billion Saudi Riyals (SR), which increascd
to SR800 billion during the Second Five Ycar Devclopment Plan. In
recent years, the Government has been laying the foundation for sclf-suffi-
ciency: sustaincd balanced economic growth, and a reduction of national
dependence on oil sales (Third Five Year Devclopmcnt Plan 1980-85, and
Fourth Five Year Decvclopment Plan 1985-90). Thesc two last Five Year
Devclopment Plans were concerned with other objectives as well, such as
the completion of the infrastructure facilitics, the cstablishment of opera-
tion and maintenancc programs, the development of human resources and
the cultural and social scctors, plus an incrcased contribution to the cco-

nomic growth of the private scctor.( 38, 39, 51)



1.2 Significance Of The Study

The Saudi construction scctor has expericnced drastic changes which
have resulted in problems such as fluctuation in the quality of buildings,
lower profits, and the unavailability of projects in the market. This situ-

ation has led to a decline in the cconomic, social and contractual rcquire-

ments, ctc.( 39)

The demand for housing, cfficient infrastructure, and commercial
municipal projects triggered the construction boom that started in the mid-
Sixtics and pcaked at the end of the Sccond Five Year Dcvelopment Plan
(1975-1980). Saudi Arabia experienced a large number of projects in the

ficld of construction due to the actual demand from both the private and

public scctors.

However, the construction market has been cxperiencing a down-
ward trend since the early 1980s. This decline could be attributed to scv-
cral cconomic factors. First, many projects have been completed and
become operational. Sccond, revenucs to privatc contractors from govern-
ment projects along with incentives, sometimes have not materialized.
Third, the national budget has been reduced significantly due to the reduc-
tion of oil production and prices. This means that what is happening to

the construction industry must be a matter of national concern.( 3, 9, 51)

The current economic condition has influenced both contractors and

Saudi government agencics to change their business attitude o a more



competitive and a morc conservative business approach. Thercfore, the
nced for cost control and rapid project complction times in the most cco-
nomical manncr for project lcads to work accomplishment improvement.
This is emerged to satisfy the main Saudi Arabian government’s objectives
and policics which are to improve the quality of construction with incen-
tives for construction cost reduction and rclated maintenance and to
extend the scope of integrated rescarch and cconomic development. The
latter two parts affect the construction industry since it is an important
sector in the overall cconomy of Saudi Arabia. Thc government wishes to
build physical structurc at the most economical manncr and in the lcast

construction time.( 38, 39, 56)

On the other hand, contractors are forced to be more competitive in
the high risk, low profit margin arcas of the Saudi construction industry in
order to rcach a rcasonable level of business success. A contractor’s suc-
cess is dependent on his ability to sccurc a good market share. Consc-
quently, contractors are challenged to accomplish projects in the most eco-
nomical manner. They can achiecve this objective by managing their
available resources effectively and cfficiently. One of the mcthods of being
competitive and qualificd is to plan, schedule, control and analyze con-
struction opcrations to reduce claims and litigation, whilec maintaining the
samc or improved quality of work. Generally, achicving the main target of
cost control through planning and scheduling will help the contractors in
devcloping processes and techniques for developing opportunitics to get

new jobs and to survive into the future.



In addition, owncers and clients of construction projects may be
directly affected by delays in the construction contract complction time.
Declays may requirc expenditures beyond the project budget. For cffective
project control, a contractor should be aware of project progress, actual job
conditions and mcthods of relevant financing, ctc. One of the methods for
improving control is to offer documentary cvidence of each opcration
within its own time and cost constraints/limits (depending upon the type of
contract) through planning and scheduling sheets. Providing these sheets

will satisfy the project owner by verifying the work accomplishment.

Fundamentally, in order to reduce contractual restraints, claims and
the potential problems associated with dclays and litigation, the contrac-
tors should formalize an accurate and clcar plan and schedule of projects
by using Systcmatic Examination Techniques (SET) in the very carly

stages of the project construction phasc.

The main function of information gathered for this study will enable
cngincers, architects and contractors to prepare plans of work activitics
and to schedule cach phase and analyze all construction operations
involved in a project. It is the intent of this study to aid contractors in
sclecting the most suitable mcthod for planning, scheduling and controlling
their projects which are intended for futurc exccution. It attempts to pro-
vide contractors with a better visualization and understanding of' SET for
effective planning and scheduling utilization. It also assists contractors by
helping them decide which technique would be most suitable for implemen-

tation, by providing a good level of utilization of the Systcmatic Examina-



tion Techniques (SET) and an understanding of the problems associated
with them, and by taking into account the naturc of the contractor’s appli-
cation of the methods on his project and showing the bencfits obtained
from implementing these methods. Al of these benefits help construction
partics to improve the construction management process and reduce the
chance of delay, litigation, claims, conflict and other future diverse actions.
The abovementioned factors are the rcasons for this study, which have
made this arca of research an important ficld for futurc improvement in

the construction industry.
1.3 Statement of the Problem

It is not uncommon that some construction projects to cost many
times their fair value. This practicc has a tremendous impact on the ccon-
omy. However, nowadays, contractors and the Saudi government have
changed their “anything goes” attitude to a morc conservative approach
because the gencral Saudi cconomic environment as related to construction
is marked by morc rcgulation and greatly increased competition for a
declining volume in both public and private projects. The recent economic
situation has had notable cffects on contractors. They arc forced to be
more cfficient in running their construction businesses. A construction
company is forced to adopt an effective construction techniques such as
cost accounting systems, cost control systems, cost reduction systcms, value
analysis, method improvements, and Systcmatic Examination Techniques

for cffective planning and scheduling.

In many instances, a contractor is forced to think of cash liquidity,




to cnsure himsclf in realizing some marginal profit, climinating declays and
any considerable amount of the owncr’s administrative constraints and to
cnsure successful completion of projects within their designated time and
cost requirements. So, a contractor must have the nccessary cxpertise and
appropriate tools for cffective planning and scheduling. However, a con-
struction contractor in Saudi Arabia has available several alternative tech-
niques for planning and scheduling. He is faced with different competing
techniques. Due to the attraction of international construction profcssion-
als during the carly ycars of the Saudi construction boom, a great flow of
construction management information has taken place. This occurred
.whcn foreign construction professionals, who came to Saudi Arabia from
industrialized and devcloped countries, brought with them advanced tech-
nology such as planning and scheduling methods, cash predicting tech-
niques, and mcthod improvements. The transfer of tcchnology between
developed and developing countrics occurred via other channcls such as
the litcrature provided by cducation centers, the cxchange of technical
staff, and from rescarch agencics. This led to contractors having many dif-
ferent techniques and approaches at hand, but, conscqucntly, the problem

now is which onc of them proceeds cffectively and meet the contractor’s

intensions.

There are several alternatives in the Systematic Examination Tcch-

niques for scheduling and formalizing project planning, including the fol-

lowing:

l. Critical Path Mcthod (CPM)



Precedence Network Diagramming (PND)

Program Evaluation and Recview Technique (PERT)
Graphical Evaluation and Review Technique (GERT)
Gantt Bar Chart (GBC).

S S S

Effective planning and scheduling to reducc claims and litigation
through implementation of the Systematic Examination Techniques (SET)
arc cffective approachces to forccast time or cost budgets. It must be car-
ricd out and implemented in a certain way to maximize the various ben-
efits rclated to it. These (SET) have been implemented in countrics
throughout the world. For example, in the American construction indus-
try, SET has been used since the carly 1960%s, in France in the mid-1960°s,
while SET had started in 1955 in England.( 51, 52 ) But cach of thesc
techniques had not yet reached a suitable level of practical application.
Identification of the Systcmatic Examination Tcchniques, investigation of
the mcthod’s advantages and disadvantages, comparisons of the methods,
the degree of utilization, the benefits and problems associated with them,
and the visualization and cvaluation of the SET by construction contrac-
tors arc very important, cspecially for future project accomplishment.
Therefore, the problem here is to identify these techniques and cxamine
them, to draw out the bencfits, problem and cffects associated with SET
implementation. So, the problem is to choose the best onc of the SET to

proceed cfficiently within the contract time for the construction contractors

intention.

Project planning and scheduling by implementing the methods



included in the SET might assist the actual formalization of projects into
plans and schedules, and help to accomplish the project at the least cost
and with the timcliest schedule. Further, these tools can reduce the possi-
bility of delay, litigation, claims and contractual disputes which make
projects cost much more than they should. Indced, the SET can be uti-
lized to eliminate any restraints which may occur. Gencrally, the System-
atic Examination Techniques for planning and scheduling should be con-

sidcred a fundamental criterion for any construction project.
1.4 The Study Objectives

The objectives of this study can be summarized in the following five
points:
l. Idcntification and cxamination of the Systematic Examina-
tion Techniques (SET) which includes CPM, PERT, PND,
GERT, and GBC.

2. Investigation of the advantages and disadvantages of each

method of the Systematic Examination Techniques (SET) .

3. Determination of the differences between the main System-
atic Examination Techniques (SET) by cxamining fundamen-

tal factors.

4. Investigation of the implementation of project planning and
scheduling using the Systematic Examination Techniques

(SET) by different companics in Saudi Arabia.
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5. Evaluation of the Systematic Examination Techniques (SET)

by Saudi Arabian construction contractors.
1.5 Scope of The Study

This study rescarch is limited to construction firms in the privatc
sector in the Kingdom of Saudi Arabia. It will also be restricted to those
implementing Systematic Examination Techniques (SET) in the Eastern
Province, Western Province and Central Province of the Kingdom of Saudi

Arabia.
1.6 Definition

Systematic Examination Techniques (SET) arc methods of construc-
tion project planning which arc used for assisting project management in
the basic managerial functions of planning, scheduling and control. The
main functions which these SET are providing for the logical cxpression of
the project plan in graphic form with analytical procedures for calculating
work schedules, providing support for communicating complcx planning
sequences to different work groups, and controlling the project as work
progresses. The SET must be performed technically accurately, intelligibly
and compatibly with the proposed means of daily or weekly project prog-
ress reports. Conscquently, the basic definitions of the SET, for planning,

scheduling and control will be considered in turn.( 21, 29)
A. Systematic Examination Techniques (SET)

Project planning, cffective scheduling and controlling processes have
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focuscd upon the naturc of the planning task. The SET arc various man-
agement aids or tools which have been designed to define objectives and to
provide rcliable information which are nccessary for effective planning.
The SET includc the Critical Path Mcthod (CPM), Program Evaluation
and Review Techniques (PERT), Precedence Network Diagramming
(PND), Graphical Evaluation and Revicw Techniques (GERT), and the
Gantt Bar Chart (GBC). All of thesc techniques in the SET except the
Gantt Bar Chart arc schematic represcntations of the work to be done,
drawn in such a way that the rclationships between work items are logi-
cally defined. The Gantt Bar Chart is a bar rcpresentation of the work in
compatible format, but docs not show the intcrrelationships bctwcén work
items. Therc is a rapid increasc in the usc of these techniques throughout
the world and they have become standard practice in project planning situ-

ations. These will be cxplained in further detail in this study.(1, 7, 12)
B. Planning Process

Planning in this thesis is defined as a “process of breaking down the
project into activities and determining their task and order”. There arc
two functions in sclecting the objectives or strategic planning and cstablish-
ing the logistics of achicving the objcctives or opcrational planning. The
planning phase of any construction project involves a listing of tasks or
jobs which must be exccuted and performed to bring about the project’s
complction. The basic requircments for manpower, machines, and materi-
als arc determined and the preliminary cstimation of duration and the

costing of items must also be determincd. The four M’s - material, man-
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power, machines and moncy plus time arc the main resources which need
to be evaluated for the planning of any project. In other words, planning
provides the answer to all common questions of objcctives or tasks (what,

how, where, why, who and when).(15, 28, 31)

C. Scheduling Process

The dcfinition of a schedule by the British Standards Institute (BS)
(4335, 1972), is expressed as “the specification of the time (or date) at or
on which activities arc planned to start, the activity duration and the
resources allocation.” R.H. Clouch (1974) expressed his view of project
scheduling in a single statement: “It is a calendar time schedule of project
activities as well as dates for the completion of a project and for intermedi-
ate milestones.” The scheduling phasc of any construction project involves
a laying out of the actual jobs of the project in the logical order in which
they have to be performed and executed. Two resourcecs, matcerial and
manpower must be determined, calculated and scheduled to perform cach
job item with respect of the completion time of cach job involved in the

project.( 28, 31, 44)
D. Control Process

The construction process is usually dynamic in naturc. The two
phascs of planning and scheduling arc not an adequatc process of good
project management. This mcans that some changes may occur in the
plan, and that nccessary corrective action must be taken if needed. The

project control phase of any construction project has two major functions:
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monitoring and updating. Generally, the control process is the underlying
managerial function. Monitoring is performed by reviewing and determin-
ing the progress of the work, while updating begins with determining the
differences between the schedule and the actual performance. The analysis
of this difference and solving by corrective action arc the basic aspects of

the control phasc.( 16, 32, 34)

Planning, scheduling and control arc tools for managing a construc-
tion project of any size and level of complexity. These tools aid the con-
tractors, the owners and the sub-contractors by minimizing declays in com-
pleting a construction project and by helping to resolve disputes involving
dclays which could lcad to litigation. Since planning and scheduling arc
important arcas in construction, any poor planning, errors in or incom-
pleteness of any one of these two phascs may result in delays or litigation.
So, the definition of both delays and litigation must be well known by con-
tractors in developing countries because they do not carry out management

dutics and they attempt to cut corners duc to limited resources.( 12, 15, 20)
E. Construction Delay

Delays usually occur during the construction phase of most projects,
but in recent years they have become more frequent and severe. Construc-
tion dclays can be caused by the contractor, owners or some third party.
These delays include compensable delays (by owner), nonexcusable delays
(by contractor), and cxcusable delays which occur by acts of God or by a
third party. Scveral different kinds of dclays occasionally occur concur-

rently. There are many reasons behind delays involving the complexity of



14

the project, competition, a decrease in profit, high speed in construction,
high inflation, contractor self-rcliance and exccssive government’s burcauc-

racy and fluctuations in the economy.( 15, 22)
F. Litigation

Litigation is a scttlcment through court action which represents a
last resort solution. The court usually asks for help in tcchnical problems.
Use of a schedule to identify and support a reasonable dclay is dependent
upon, 1) the reliability of the schedule, 2) the substantive cvidence by basic
records, 3) the nature of changes, and 4) the work sequence by reasonable
mcthod to prove the work which was completed as scheduled. A schedule
must be employed and followed as planned, and as adjusted schedule con-
ditions, so that dclays can be identified. The schedule shects are useful
tools and valuable cvidence in the event of litigation and arbitration.( 15,

21, 44)
1.7 Structure And Organization

Systematic Examination Techniques (SET) include CPM, PND,
PERT, GERT, and GBC. These techniques will be throughly examined
regarding their identification, and advantages and disadvantages. This
survey study probably constitutes the most cxhaustive examination of the
use of thesec methods by firms in Saudi Arabia and the cvaluation thercof
by the same contractors. This rescarch is divided into five chapters. The
First Chapter gives general background information on the construction

industry in Saudi Arabia, a statement of the problem, the objectives of the
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study and the scope and significance of the study. The Second Chapter
cxamines all the Systematic Examination Tcchniques for planning and
scheduling, looking at each one of them with their historical data, basic
background, advantages and disadvantages. This chapter will focus on the
comparison of the above techniques. The Third Chapter discusses the
rescarch methodology utilized in this study. It addresses questionnaire for-
mulation and design, the sample size, the sample sclection and the method
of data collection. The Fourth Chapter presents and analyzes with data
through statistical procedurcs. These chapters will be summarized by the
Fifth Chapter which will present conclusions and recommendations. Also,

it will include a summary and recommendations for further rescarch.
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CHAPTER 2

SYSTEMATIC EXAMINATION TECHNIQUES (SET)

FOR PROJECT PLANNING AND SCHEDULING

SET provides the basic tools in construction management for plan-
ning, scheduling and controlling the various tasks or activities of any
project. Effective project planning and scheduling through the implemen-
tation of the SET is onc of the most important approaches that can pro-
vide a varicty of benefits. Analytical techniques have been developed to
meet the problems of management both for today and for the future. One
of these techniques is the planning process which is defined as the process
of sclecting one method and the order of work that will he adopted for a
project, considering the various sequences in which it might be donc. On
the other hand, the scheduling process is the determination of the timing
data of the operations comprising the project and their assembly to esti-
mate the overall completion time. Scheduling m usually donc after a par-
ticular project plan has been formalized and modelled. The contracted
project completion time, which accounts for construction project perform-
ance, is usually an important consideration for both the project client and

contractor.( 6, IR)

Construction projects today arc far more complicated than they

have cver been, involving scveral disciplines, multiple activities and
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increasingly large sums of both moncy and time. Engincers, managers,
contractors, and workers who arc looking for challenging work will find
themsclves responsible for projects that demand the greatest possible plan-
ning and scheduling skills. If they are concerned of the outputs from
implementation of the SET, they can be assisted by knowing the limita-

tions and advantages of the tcchniques. These SET provide mecans and

objectives as the following: (13, 15, 19, 40)

1. Planning the projects. The evaluation of activitives in terms of both
time and cost that can be realized. (List of activitics).

2. Scheduling activities. The specification of the time (or datc) at or
on which objectives arc planned. (Activity duration and resource
allocation).

3. Controlling projects. Corrcctive action must be taken place if there
is a negative difference between actual and planning performance.

4. Providing a means of cash-flow prediction and improving communi-

cation between the various departments and companics which are

involved in the project.

5. providing a means of improving work methods through discipline.
6. Providing a means of quality improvements.
7. Aiding the construction project partics in the cost control aspects.

Conscquently, the characteristics of an effective plan will consist of
explicit, intelligible and capable planning and be capable of being moni-
tored. Construction projects have four common objectives: time, cost,

quality and goodwill. All partics involved in the planning process of any



18

project may have to carry out the planning phasc which includes the visu-
alizing of all the operations of the project, arranging thesc opcrations in
order, aéhicving the confidence that cach obcration is understood, acquir-
ing the know-how and mecans neccessary to achicve them, and assuring that
the construction manager or planner is using the most economical methods
to execute the project. The actual sclection of a planning tcchnique
depends on several aspects such as familiarity with construction methods,
ficld personnel output, lirﬁitation on resources, time restrictions and the
sclection of different alternatives (being open minded). In fact, to achicve
the main objectives of planning and scheduling cffectively, these two pro-
cesses must be scparated. The scquence should include planning - to
define requirements by breaking down the project into activitics and deter-
mining thcir order, and scheduling - to fulfill the requirements of the plan
by both resource allocation and time planning without regard to the

project’s size.( 12, 16, 31, 54)
A. The Necessity for Planning and Scheduling:

Any project involves various objectives and tasks. These must be
well defined to accomplish the needs to be within certain time and cost
parameters. Sometimes the complexity of a project generates the necessity
for planning and requires specialized skills. Actually, cach spccialist has
his own opinions, thoughts and specialization which sometimes Ieads to
breakdown in communication among the planning tcam and construction
tcam. This requires a method to control the communication between those

teams. Another concern of planning is the allocation of capital. This is
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the onc important factor that places a high emphasis on cstablishing sched-
ules to verify project targets. The nccessity for planning is made cvident
when there is inclement weather or a delay in the delivery of matcrials
which may directly affect the progress of a project. Continuous planning

revision is nccessary in the above mentioned types of situations.( 31, 35,

53) Madani® investigated the effects of project management (including
planning and scheduling) on project time and cost. He found that when-
ever project management techniques arc used as a structurcd system, better

time and cost are achicved.
B. Objectives in Applying SET on Projects

The basic objectives in implementing any of the SET to a project is
to achicve the project’s completion in the best possible time at the least
cost. To achieve such an objective, it is nccessary to have a master plan
that can be uscd as a working model of the project in order to identify the
problem and Lo take corrective action. The primary objectives of planning
are to coordinate all clements of the project according to their time sched-
ule to complete the project in its planned time (control time) within its allo-

cated time, at the lcast cost and with the fewest risks.( 12, 31, 57)

The objective of a project planning phase are accomplished by: ( S,

6,7, 16)

(1) M.S. Thesis submitted to the King Fahd University of Petroleum and Miner-
als, Dhahran, June, 1987.
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1. Dectermining what is to be donc and translating it into a work
breakdown structure (wbs).
2. Establishing a project tcam based on the major tasks (clements) to

determine the cffort for each individual in cach task.

3. Joining together the tasks and resources (which detecrmines who docs
what).

4. Creating the kcy planning and control documentation.

5. Devcloping a network.

6. Establishing manpower nccds.

The sccondary objectives of planning and scheduling include study-
ing and analyzing alternatives, developing optimum schedules, using
resource allocations cffectively, developing communication channcls, refine-
ing cstimating criteria, and detcrmining effcctive project controls and case
of plan revision. On the other hand, scheduling is utilized for many differ-
ent phases of the construction process. It is used from thc master plan of
the overall project through the facilitation of both construction operations
and maintcnance. The utilization of scheduling has various purposcs dur-
ing the threc phases of projects which include, pre-project planning, con-
struction, and post-construction activitics. The purposcs associated with

cach phasc of project arc listed below: (12, 31, 34, 53)
Phase (1) : Before Starting

1.1 Providcs an cstimate of the time required for cach portion of
the project.

1.2 Establishes both the planned rate of progress and planned
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scquence of the Four M’s - Matcrial, Manpower, Machinery

and Money.

1.3 Provides the basis for instructions.

Phase (2) : During Construction

2.1 Helps the project manager with many processes such as
resource levelling and resource allocation.

2.2 Predicts the effects of changes and aids in the coordination of

resources.
Phase (3) : After Completion of Construction

3.1 Aids analyzing and reviewing thc project.

3.2 Provides historical data records.

Fundamentally, the concept of planning is a comprchensive process
that should present a whole picture both by function and by mcans of suit-
able communication to thosc who have to implement the methods and,
conscquently, achicve the objectives. Any project may be completed within
the cost and time limits and mecet the project specifications and require-
ments sct during the design phase, but the goodwill and quality of a
project must be controlled through supervision during thc construction
phasc. Howecver, time and cost variables need managerial procedures to

control the achicvement of the project within the limits by implementing

the SET.( 28, 32, 50, 53)

These SET which will be discussed in this chapter are:
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1. Critical Path Mcthod (CPM) Mecthod # 1
Precedence Network Diagramming (PND) Method # 2
Program Evaluation and Review Technique (PERT) Mcthod # 3

Graphical Evaluation and Review Technique (GERT) Mcthod # 4
Gantt Bar Chart (GBC) Mcthod # 5

U

These five methods of Systematic Examination Techniques are use-
ful tools for planning and scheduling construction projects whether simplc
or complex. Each onc of thc methods will be illustrated with a bricf
description of its advantages and disadvantages. These descriptions will

be supported by the comparison of SET through fundamecntal features or

factors.
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2.1 Critical Path Method (CPM)

The Critical Path Mcthod (CPM) is dcfined as “the representation
of a project plan by a schematic diagram or nctwork that depicts the
sequence and interrelation of all the component parts of the project and
the logical analysis and manipulation of this nctwork in determining the

best overall program of operation”.( 8, 11)

CPM is onc of the most practical dynamic tools for effective plan-
ning and scheduling of various type of projects. It is the representation of
the project plan by a nctwork system which shows the sequenced compo-
nents and interrelationship of all activitics involved in project. It is a new
and powerful tool for the planning, analyzing, controlling and managing
individuals involved in construction. It is an important mcthod that
cnables engincers, architects, contractors, and other related to construction
to preplan, schedule and control construction operations in order to reduce
the cost of the construction operations involved in project. It has many
names, including nctwork analysis, critical path analysis, critical path
scheduling, least-cost estimating and scheduling and critical path mcthod
(CPM). The letters CPM have traditionally meant Critical Path Method.
This system could be morc accurately called complete project management
(CPM).( 10, I1) The system has proved to be valuable mainly in assisting
managers with the carrying out of their project management responsibili-
tics. In rccent years, it has become a uscful technique which has been used
in planning, analyzing and controlling construction projects for cngincers,

architects, contractors and other persons associated with the construction
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projects. It has been used effectively on many types of projects, usually
with great success. Many government and private agencics require the

preparation of this method when planning a project at the bidding phase.
2.1.1 Historical Development

CPM was developed independently and simultancously during the
late 1950°s by the Dupont Company in conjunction with the Univac Divi-

sion of Remington Rand Corporation.( 3) This mecthod was originated in

1956 by James E. Kclly of Remington Rand Corporation and Morgan

- Walker of the Dupont Company.( 3, 7) Essentially, the Dupont Company
during that period was interested in scheduling refining projects, and these
projects required both their time and cost be accurately cstimated. A
major consideration of their scheduling was the cost of project speed-up
and they wanted a schedule that was optimally cconomical for time com-
pletion and the total project cost.( 10, 18) Dupont and a tcam of pcople
from the Univac Division of the Remington Rand Company developed a
project planning and scheduling technique.( 34) This technique is called
Project Planning and Scheduling (PPS). Indced, Dupont Company used
(PPS) with great success. The Company found this technique covered the
design, construction and maintenance work required for scveral large and
complex jobs and it requircd only about half as much effort as other plan-
ning and scheduling techniques which they had previously used and the
company saved considerable amounts of moncy because of using this

mcchanism.( 14, 54)
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2.1.2 Purpose and Uses of CPM Network

CPM has become so widely accepted as a planning tool that many
construction managers and owners require the contractor to submit a CPM
plan along with their bid. The purposc of a CPM nctwork is to aid in the
planning and control of onc-time projects and in determining the most eco-
nomical project cost. Also, it assists in clarifying critical relationships and
identifying missing clements or unclear aspects which occur during the
planning period. It aids in the control of the actual progress of project
implementation. It has been used to plan, schedule and control a wide

varicty of projects such as: ( 3,4, 6, 7, 8, 10, 13)

1. Construction of large, complex and public works

2 Rescarch program and development of new processes
3 Maintenance problems of large projects

4. Sales promotions

5 Rcl.atcd opcration in other industrics

6. Manufacturing computers

7. Accounting and clectrical or mechanical projects.

2.1.3 Advantages of CPM Network ( 3, &, 10, 15, 30, 52)

1. It provides the most cconomical use of available resources (labor,
cquipment, finance, ctc.) based upon the optimum time required for

cach job.

2. It may bc as dectailed as desired to suit cxisting construction
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hazards.

During the exccution of the project, it permits systematic reviewing
of current situation as they arise so that allowances can be made for
the effects of uncertaintics in the original planning, as well as
enabling a resolution of future uncertaintics.

The use of CPM cnables the most economical planning of all opera-
tions to meet desirable completion dates.

It replaces judgement based on expericnces with onc that rapidly
determines with ccrtainty the best completion date for the project.

It provides a mcans of asscssing the cffect of all variation and
improving communications.

It is an open ended process that permits different degrees of involve-
ment by management to suit their various nceds.

The project is scen in its entircty.

All critical activities arc identificd so they are tightly controlled at
the operational Icvel.

Duplication of effort is minimized.

A decision on time can be made with full knowledge of cffects on
costs.

It is somctimes described as management by exception, as it enables
management to concentratc on anything that gocs wrong (cxcep-
tional occurrences) and they try to work out its correction.

It is best used when the operations of a project have a deterministic
duration.

It permits a clear definition of responsibilitics.



27

2.1.4 Disadvantages of CPM Network ( 3, 6, 7, 17, 21, 30, 52)

1. The system is not applicable for all personncl at all levels within an
organization.

2. The possibility of error is extremely high when the project involves
hundreds of activitics; one crror occurring at the beginning of the
calculation renders the whole nctwork useless.

3. The CPM is only as valid as the quality and the expcricnce of the
persons who conceived it.

4. It does not solve all the problems of the project manager’s dutics
and there is a considerablc arca in which human decisions must be
taken.

5. It docs not assist the manager in visualizing the accurate completion

time of cach opcration from the network diagram itsclf.

2.1.5 Basic Data for CPM Network

CPM permits a ﬁmnagcr to complete a project in the shortest period
of time with minimum expenditure for overtime and without additional
resources or at cxtra cost to the project. To analyze a project by using this
method, it is nccessary to divide the project into activities. The number of
units of work requircd to complete cach activity should be determined.
The time required to complete cach activity should be cstimated in appro-
priate units, c.g. days, weeks, or months. Also, it is nccessary to establish
the time sequence in which the activities should be conducted. Fig. 2.1

shows a simple cxample for project involving only. cleven activitics
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designated by the letters, A, B, C, ctc.( 12) (The time periods are estimated
to be 4,5,3,6 and 8 days, respectively). Activitics A and B cannot be
started at the same time. Activitics C and F cannot be started until B is
completed. Activity E cannot be started until D is completced. By rcfer-
ring to Fig. 2.1, we can scc that the minimum total time requircd for the
project is the sum of the duration of the activitics in the critical path. The
construction activitics rcquire certain resources, c.g. materials, construction
cquipment and manpower. By the application of this method we can con-
trol the cost of the project by controlling the equipment, labor, and materi-
als.( 3, 6, 10, 30) Another illustration of a network diagram for a rcin-
forced concrete retaining wall is a CPM diagram of the project shown in
Fig. 2.2. It might be possible to divide the work into three gangs such as
one gang of stecl fixcrs, onc gang of carpenters and onc gang for masons.
This represents how the wall would be constructed if it were divided into

four such sections.( 21, 44, 53)
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2.2 Precedence Network Diagramming (PND)

This mcthod is often known as CPM, but in this study CPM (as
previously described) and PND are trecated as separate mcthod of project
planning, scheduling and controlling. Originally, Precedence Network Dia-
gramming was called “Precedence Network Analysis for Planning and

Control.”( 10, 12)

PND arrow diagram is made of nodes and linkages which is devel-
oped with more dctailed rather than both PERT and GBC (which arc dis-
cusscd later). It differs from the other techniques because it is a job or
activity on nods-oriented. Linking the portion of jobs to cach other in a
sequence without special identification of the connection medium or points
represents the relationship among nodes. Some of the environmental fac-
tors which have an important role in determining the clements of the PND
technique include, the location of project, size of project, level of uncertain-
ties, and the specific dominant of the organization and identification of

project cost.( 10, 16)

The actual emphasis in implementing this method is that instcad of
assigning the activity to the link as in CPM, it places the activity on the
node. The link-lag between the nodes of the nctwork represent the actual
rclationships among the activitics involved in the network.( 28, 40) This
type of diagramming is casily formalized by using computer cspecially
when the planner performs the network calculations because this device is

very cfficient for formalizing this type of method.



31

PND is established as a model, which uses “Circle and Connection
lincs” for all nodcs of opcrations involved in the project, which are
intended to be accomplished. It has been referred as the “the activity on
the node” technique and J.David Craig ( 18, 40) has called this method a

“Precedence Diagram” with only the type of the start to finish relation-

ships.( 16, 18, 28, 40)
2.2.1 Historical Development

The development of CPM included the formulation of the use of the
arrow diagrams which are included in the network, but PND was formu-
lated to place activity in nodes. PND was initially dcveloped by Professor
Joh;l W. Fondahl of Stanford University in 1961.( 16) He developed and
established the foundation of the Precedence Network Diagramming Tech-
nique. Another contributor in the development of PND is the Integrated
Engineering Control group of E.I. Dupont Company around the above-
mentioned date. The company decided that they were dissatisficd with
cxisting methods of project control which were applicd to the construction
of major chemical plants in America. So, they considered that some sort
of technique was required which would bring together all the details to
cnable management to control such a project. The company found this
technique covered the design, construction and maintenance work required
for any large-scale project.( 18, 19, 28) This planning tool has satisficd all
objectives of a project such as controlling the work required, reducing the

overall costs and scheduling the various opcration involved in any project.(
34, 40, 52)
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2.2.2 Purposes and Uses of PND Network

PND permits computations casily and cffectively and a simple num-
ber can identify the network itsclf. The purpose of the precedence network
is to aid in the planning and controlling of on-time completion and cost
containment of any project. Basically, this technique is used to produce an
initial plan or work schedule which can be continuously updated and
revised. It was originally a simple method because the size and complexity
of a project were usually reduced by the removal of many redundant activ-
ities. It can be defined as a method of planning and controlling projects by
recording their interdependence in a diagrammatic form that cnables cach
fundamental area involved to he tackled separately.( 16, 30, 40)

The precedence network diagramming tcchnique represents their

purposc in the following steps: ( 30, 40, 52)

Step 1

It presents in a diagrammatic form a picture of all the jobs (or
activitics ) to be achieved. 1In fact, the way in which this is done is to con-
struct a set of arrow diagrams which is known as a nctwork diagram in
which each job is represented by an arrow or box on the diagram as illus-
trated in Figs. 2.3 and 2.4. The arrows and boxes involved in the network
indicate the dependencics of the jobs on cach other.

ES EF

Cost Inf- ) Construct
< ) ormation | @iulld wall"@m’@

LS 1Ls ES = Early Start
LS = Late Start
EF = Early Finish
LF = Late Finish

Fig. 2.3 : "Arrow" Representation Sequence
Source: Ref : 30
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Step 2

They indicate the limitation of the availability of labor, equipment,
money and material resources. Also it represents the estimated time

required to do each job.
Step 3

They apply the estimated job time to the network diagram and then
analyze the network according to the estimated task completion time and
the work to be done for each activity to find the critical activity or path
due to the analysis. (In other words, the calculation of the total length of
time involved in each path through the network represents the critical

task.)

Once a network has been constructed, it is necessary to check that it
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is a valid network - that is, that it docs not contain impossible situations.
A uscful basic check is to start from the final completion date and to work
backwards along the various paths. Conscquently, precedence network has
alrcady beccome a more accurate method which reflects the scquence of

cngineering operations as they occur in construction phasc.( 40, 52)
2.2.3 Advantages of PND Network ( 10, 16, 20, 30, 40, 52)

1. A single number can be assigned to identify cach activity and it scp-
arates the planning of thc scquences of jobs from the scheduling
dates for the jobs.

2. The rules arc simple and comprehensive and the basic principles can
be understood in a short time.

3. Dummy activitics arc not used so that therc is no friction and it
shows the interdependencics between jobs.

4. It enables people to see both the overall plan and the ways in which
their own activities depend upon or influcnce those of others.

5. Simplicity; the nctwork can be analyzed and drawn by utilizing
computer or it may be donc manually.

6. It shows clcarly where things arc going wrong with a project, and
converscly where they arc going so well that resources can be sup-
plicd to the troubled areas.

7. It cnables resource and time constraints to be included in the plan
before its evaluation. For example, a minimum dclivery period for
material is onc of the time constraints.

8. By splitting the project into smaller activitics it will help in the csti-
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mation of their duration so it Icads to more accurate target datcs.

A major change in time-scalc nced not imply re-drawing the net-
work again.

Computation and simplification of proccdures can make the control
that will be applicd and any deviation from schedule is quickly
noticed.

It allows modification of policy to be built in easily and the impact
of these modifications may be analyzed quickly if the plan is formal-

ized on a computer system.
Disadvantages of PND Network ( 10, 12, 28, 30, 40, 52)

The cost of manual operation rapidly becomes uncconomic, but it is
no morc difficult to carry out than on thc computer.

The consideration of various altcrnative plans also becomes impossi-
ble, because of the large tasks involved in the network.

The nctwork is only as valid as the quality and the expericnce of the
person who conceived it.( 16)

It does not solve all the problems occurred in a project so the project
manager is still responsible for the planning and must still make the
ncecessary decisions.

It docs not help the manager to know the actual time for cach oper-

ation from the network diagram.

Basic Data for PND Network

“

The PND (activity on node) has been widely used in industrial con-



36

struction. This method is bascd upon the logical rclationships between the
activities and arranging the diagram in sequence to allow computation.
Sequence identifications are powerful in aiding both drawing and number-
ing the network, and in permitting greater clarity of the activity on a node
and links lags as a presentation for the whole nctwork. The general rules

of performing Precedence Network Diagramming include the following: (

16, 28, 40)

I. Develop an activity list of all tasks involved in the project.
2. Determine dependencics.

3. Remove redundancics.

4. Determine sequence step numbering.

5. Draw the network according to the sequence.

Contractors must follow the abovementioned rules to be in line with
the assumptions of PND including that the nctwork must be continuous,

avoid dummy activities, and avoid network line-crossing if possible.( 10,

11, 19, 34, 40)
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2.3 Program Evaluation and Review Technique (PERT)

PERT is a significant management tcchnique for minimizing prod-
uct delays. It is used as a means of cvaluating and mcasuring the progress
of the construction performance. It is a method which provides for com-
mon communication through the overall job. This management tool is
uscd cffectively for controlling, analyzing and scheduling any type of
project. The application of PERT to planning and scheduling progress
requires a rcasonably accurate estimate of time and cost for cach task in

the project, all of which is formalized in a network plan.

PERT has proved to be significant management tool on design.
development, and defense projects.( 11, 18) The main objective of the
PERT system is to provide information which can be uscd to maintain
project costs within a spccific budget. Conscquently, PERT was developed
with the objective of being able to manage unccrtaintics in activity comple-
tion time. It was used to plan and control the design and development of
the Polaris Missile Project. PERT and CPM have the same genceral pur-
pose and utilize the same technology. Fundamentally, PERT is a tool to

aid managers in visualizing what costs a project will incur and when.( 27,

31)

This event network cvolved from a combination of the Gantt Bar
Chart and the Milestone Charts. On both charts arc identified particular
points in time of interest to management. It includes capabilitics for han-

dling variables of uncertainty activity time and its conventional approach
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which required three time cstimatces for cach activity, all based on the same
mechanism with different assumption. Finally, it has grcat advantages
over CPM, Precedence and GERT Methods when the time achicvement of

project goals is relatively uncertain.( 23, 27, 32, 44)
2.3.1 Historical Development

PERT was devcloped from Gantt bar Charts and the Milestone
Charts which represent the project componcents as bars on a horizontal cal-
cndar scale. It was dcveloped by the special office of the U.S. Navy’s
Polaris Missile Project in 1957.( 31) Some of subcontractors were involved
in the development of PERT such as Booz-Allen, the Hamilton Company
and the Missile Systems Division of Lockheed Aircraft Corporation. In
this initial application, the techniques saved some two years on the comple-
tion date, and it was cventually adopted by U.S. Government depart-
ments as a standard device in most of their large and complex projects. In
this first use of PERT in the U.S. Navy Project, which involved over 3000
different sub-contractors who had to be coordinated, PERT provided an
adcquate mcans of communication. It is succeeded in reducing the devel-
opment time of the Polaris Missile by over two ycars, at a reduction of

some 45% of the overall cost.( 31, 34, 44, 45)
2.3.2 Purpose and use of PERT Network

PERT is a powerful tool for minimizing conflicts among the various
parts of the overall job and for speeding up the completion of the project.

The main purpose of the PERT nctwork is to aid in the planning and con-
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trol of one-time projects. The usc of PERT simplifics for the manager his

task of controlling and reducing the costs of a project and provides him

with more accurate information from which to prevent losscs occuring.( 31,

40, 44)

2
3.
4

PERT have becen used to plan, analyze, schedule and control a wide

| range of projects such as: ( 12, 27, 32, 53)
1.

Rescarch and development of new products.

Construction of plants, buildings, bridgcs, ctc.

Construction of large-scalc equipment.

Decsign and installation of many systems as manufacturing, account-

ing, computers, ctc.

2.3.3 Advantages of PERT Network ( 11, 18, 23, 27, 31, 44)

1.

6.

It provides a means of communication between a wide variety of
departments and companies involved in a project.

It provides an explicit corrclation at all times between progress and
expenditure.

It is the best method to apply when very little background informa-
tion is available.( 34)

It makes the collcction of data and statistics a formal function
within an organization.

It is more uscful than the other methods because of the three time
cstimates for cach activities duration which results in optimizing
costs and time for a project.

It provides an unified system of planning and scheduling.( 45)
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It gives a clear view of the scope of the project, and the objectives
are prescnted.

It provides the capability for periodic rescheduling and cvaluation at
any time.

It involves simulations which make possible the evaluation of alter-
nate plans.

The ability of line personnel is utilized and responsibility is fixed.
Manpower requirements can be controlled clfectively subject to
availability and project duration.

It simultancously presents the interrelationships and responsibilitics
between the general managers and the various departments involved
in a project.

A dccision on time can be made with full knowledge of effects on

costs.

2.3.4 Disadvantages of PERT Network (11,27, 31, 34, 53)

1.

Because PERT and CPM have the same general purpose and utilize
much of the same terminology, PERT has many of the same disad-
vantages of CPM.

Sometimes, it concentrates too much on analysis of what has hap-
pened to date, which means it is providing a historical analysis.

It requires extra computational effort and additional overhead cost.(
55)

The utility data of PERT are not sufficiently accurate, especially
when many of the activitics require considerable rescarch and devcl-

opment.
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2.3.5 Basic Data for PERT Network

The environmental factors which affect the development of PERT
include the size of the program, overlapping responsibilitics, difficulty in
defining objectives, time and cost uncertainty. PERT is used for projects
that involve rescarch and development work in which the intellectual cffort
and the manufacture of component parts is csscntially new and is usually
being attempted for the first time. The time and cost cstimates never can
be predicted with adequate certainty, and probabilistic concepts are used
to obtain three duration estimates. The activities in the PERT network arc
denoted by events and the arrows which indicate the dircction of flow of
operations and their sequences as shown in figure 2.5 and 2.6. To analyze

any project by using PERT, we perform the following steps:

Step 1: Develop a list of activitics that includes all phases or opcra-

tions of the project including immediate predcccssors.

Step 2: Draw a nctwork corresponding to the activity list made in Step
1.

Step 3: Estimate the cxpected activity time and the variance for cach
activity.

Step 4: Using the expected activity time which is estimated in Step 3,
determinc the carliest start time and the carlicst finish time for
cach activity. The earlicst finish time for the complete project

corresponds the carlicst finish time for the last activity. This
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represents the earlicst estimated project completion time.

Step 5: Using the project completion timc as thc latest finishing time
for the last activity, work backward through thec nctwork to

computc the latest start and latest finish time for cach activity.

Step 6: Compute the slack time with cach activity and dctermine the

activitics with zero slack which are the critical path activitics.

Step 7: Use the variability in the activity times to estimatc the vari-
ability of the project completion datc and usc thesc cstimates
to compute the probability of mccting a specificd completion

date of the project.

The PERT tcchnique has proved to be the most cffective and appli-
cable to large-scale rescarch and development (R and D), systems cngi-
necring programs, and industrial factorics of a large degree of uncertainty.(

31, 45)
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2.4 Graphical Evaluation and Review Technique (GERT)

CPM, PND and PERT arc modcls which describe many different
systems. Each onc of them has its own system which was developed
through thcoretical principles. GERT is a physical model that demon-
stratcs, designs, describes and analyzes systems as well as other. It pro-
vides a nctwork representing all of the information necded for cffective
planning and scheduling. This method can improve communication among

all parties of construction project.

GERT is useful when the performance of all opcrations is not ncces-
sary for the completion of a project. Basically, it dctermines the probabil-
ity of the realization of a node based on statistical data collected through
simulation. Indced, it is a combination of nctwork thcory, probability
thcory, and simulation to yicld a readily applicable modern management
tool for system analysis.( 32) This modcl could be analyzed automatically,
so that it is an cffective tool for providing all information related to any

activity needed.( 33)
2.4.1 Historical Development

GERT was initially dcveloped by A. Allen B. Pritsker for a study of
the terminal countdown of an Apollo Space System in 1970.( 47, 48) It
has beccome apparent that many of the features provided by GERT can be
incorporated into larger-scale industrial systems analysis. Also, it includes

the modcling of systems in a nctwork form and provides analysis through
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simulation. GERT has alrcady become a very useful method in situations
in which the realization of a node is dependent on the completion of not
all, but onc or more activities preceding this model and in which the per-

formance of these activitics is probabilistic.( 49, 52) |
2.4.2 Typical GERT Application Problems

Many applications of the GERT systecm have been made around the
world. GERT nctworks have been designed, developed and used to ana-

lyze the following situations: ( 31, 32, 46, 47, 48)

1. Claims processing in an insurance company.

2. Production lincs.

3. Quality control in manufacturing systems.

4. Assessment of job performance aids.

5. Burglary resistance of buildings.

6. Capacity of air tcrminal cargo facilitics.

7. Judicial court system operation.

8. Equipment allocation in construction planning.
9. Refucling of military airlift forces.

10.  Planning and control of marketing rescarch.

11.  Planning for contract ncgotiations.

12.  Risk analysis in pipeline construction.

13. Effects of funding and administrative strategics on nuclear fusion
power plant development.

14.  Recsearch and development planning.

15.  System rcliability.
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2.4.3 Basic Data and Procedure of GERT

A) Basic GERT Data:

[#3]

The basic data nccessary for performing GERT simulation can be

classificd into three categorics:

Data Relating to Network:

The basic data rclated to Network includes, project identification,
number and type of nodes, identification of source, sink statistics
and mark nodes, number of activities, number of times of the simu-
lation is to be performed, random number sced, and network modi-

fication data.( 33, 46)

Data Relating to nodes:

The nccessary data related to nodes includes, the number of relcases
required to realize a node for the first time and subscquent output,
histogram characteristics and the typc of statistical information to

be collected.( 43, 46, 47)

Data Relating to branches:

The general data related to branches includes, parameters of time
variables associated with activitics, probability of rcalization and
distribution type.( 97) Using the listed data, GERT performs and
indicates the simulation of a network by passing from cvent to
cvent. Basically, the GERT procedure uses the parameter number
of distribution type to obtain a cumulative distribution. The proce-

dure is repeated for all branches, keeping track of the finish time of
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cach branch cither on a deterministic or probabilistic basis as shown

in Fig. 2.7.

The node symbolism of GERT indicates graphically the number of
activity releases required for the first and for subsequent realization of the
node. In Fig. 2.8, the number 3 in the upper left portion of the node
denotes that any combination of three releases of activitics cnding at that
node is required to realize the node, the first time (including repeat
releases, value in lower Icft of node) of any combination of activitics. The
realization logic for the input side of the nodes is independent of the out-
put of the node.  Also, the node on which each branch is incident. must be

checked. The number 4 on the output inside the node is the node identifi-

cation number.( 33, 46, 47, 49)

Faflure

ST Restart

Looping Probabilstic
branching

Fig.2.7 : GERT branching node
symbolism
Source : Ref: 33

Determinis-
Nunber of Deterministic tic branching
activicy output Probabi-
comple-~ listic
tions for output
1st node
realization
Number I
of activity Node identifi-
completions cation nunmber
for 2nd and
subsequesnt Fig.2.8 : Node Realization
node realiza- Symbolism -
tion

Source: Ref: 33
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B. Procedure of GERT

Since GERT is used for the analysis of complex stochastic (probabi-

listic) systems, the background for the development of GERT lics in the

arca of stochastic nctworks. A stochastic nctwork has the following prop-

crtics:

1.

Each nctwork consists of nodes that denote logical operations and
transmitances. (Transmitance branch and activity are synony-
mous).

A transmitance is arranged with the probability that the activity
represented by it in the network will be performed.

Other paramcters describe activitics that the transmitances repre-
sent.

The realization of a nctwork is the realization of a particular set of
transmitances and nodcs that describe the network for one experi-
ment.

If the time associated with a transmitance is a random variable so
that a realization must be implied then a fixed time must be selected
for cach transmitance.

GERT is a procedure that combines the disciplines of flow graph

thcory and moment-gencrating functions. It is claimed that the procedure

makes it possible to analyze complex systems and problems in a less induc-

tive manner than cver used before. In Fig. 2.9, cach activity has three

descriptions coded in parenthesis over the activity. The activity number is

in the square below the activity.( 33, 49)
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Advantages of GERT ( 32, 33, 46, 47, 48)

It is the casicst method for asscssing the effect of any logic change
in the operations of the project.

It makes the most cconomical use of available resources (labor,
equipment, finance, ctc.), based upon the optimum completion time
and cost of the project.

It permits clear definitions of responsibility.

It provides a more accurate estimate of the total project completion
time.

It makes the collection of data and statistics a formal function
within an organization.

It gives more uscful information concerning the cxpected project
time and critical path than do the other methods.

It allows the network modeler to choose from many diffcrent alter-
natives.

It allows multiple sink nodec in the network representing completion
of the project which denotes different possible outcomes.

It allows the specification of the number of releases required for the
next coming realization.

It allows Jooping that implics that certain activitics may be repcatced,
greatly increasing power in the network.

Restrictive assumptions arc not required.

It is best used when the performance of activitics is probabilistic.

It is best used when the realization of a node is dependent on the

completion of one or more activitics.
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2.4.5 Disadvantages of GERT ( 33, 46, 47, 48, 49, 52)

6.

It is difficult to present the GERT method in a nctwork diagram.

It is difficult to study and understand because it involycs many dif-
ferent releascs and alternatives.

It is difficult to apply because it contains probabilistic branching
and dcterministic branching.

Its diagrams are not uscful as working documents at schedule level.
It is difficult to usc because its physical, economical and financial
boon of the systems approach become complex when it is associated
with various loops.

It is difficult to follow flow paths.

It does not help the manager to visualize the accurate completion

time of cach opcration (activity) included in the project.
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2.5 Gantt Bar Chart (GBC)

Project planning and scheduling arc the most basic of engincering
and construction management services. Gantt Bar Chart (GBQ) is one of
the oldest techniques used for formalizing project planning and scheduling.
A construction project’s component items arc studicd and analyzed and the
results are sct out in the form of a chart. It is widely used because of its
simplicity and visual effectivencss. GBC is defined as “the graphical pre-
vention in the form of bars which show the cstimated start and finish
dates of cach task of the construction projects.”( 4) This technique pro-
vides a method of integrating the project tasks into an overall plan. It is a
planning tool that provides a means for calculating the time at which vari-
ous resources such as materials, labor and equipment arc necded for the
project. The fundamental feature of any bar chart is that it represents a
process as a linc or bar, the length of which is proportional to the duration
of the process. A bar represents a succession of activitics performed by
onc man, onc team or a machine. This technique gives the manager, con-
tractor or any other concerned person a mcans of recording the actual
progress of the project. It is an approach usced to quickly determine

whether the construction project is progressing according to plan or not.

A GBC depends on the local circumstances and the decision of
application which depends on the type, size and degree of complexity of
construction project. In any case, a GBC should be recognized as a tem-
porary mcasurc to span a period of time with respect to the activitics

involved in the project and their sequential rclationships. There are four
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types of GBCs, which arc a consecutive Job Bar Chart, a cross-connected

Bar Chart, a float-linked Bar Chart and hybrid Bar Chart.( 1, 4, 6, 7, 12)
2.5.1 Historical Development

GBC is onc of the oldest scheduling systems, and was developed
during the carly days of Scientific Management. It was introduced by

Henry C. Gantt in the carly 1980s.( 1, 15)

It is interesting to note that Gantt further developed this approach
in the context of a military requirement during World War 1. He worked
with Army Burcau of Ordinance. He realized that a graphical method was
required to portray plans and status for the munitions program operating
at that time. He recognized that time was the onc common denominator
by which program plans with their positive and ncgative progress, could be

most quickly assessed.( 12, 13)

A GBC rests on the basic foundation of standard times, or rclatively
certain estimated times for set-up and processing. However, Gantt himself
knew the difficulty of his approach, especcially of obtaining realistic time

cstimates when a standard is not available.( 1, 7, 12)

2.5.2 Purpose and Uses of GBC

For many tasks, a Gantt Bar Chart has been widely used all over
the world because it is successful in planning, scheduling and monitoring

many types of projects. It is a visual presentation of a construction pro-
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gram cspecially for short-term project work because it cnsures that work
procceds in accordance with the overall program. It was developed as a

means of planning the output of fixed production cquipment.

A GBC provides an ovcrall assessment of the tasks to be accom-
plished in the process of application. It helps construction managers to
plan, schedule and control the construction project. It can be morc readily
applicd to the output of products rather than to highly variable types of

construction production.

Conscquently, a GBC has many differcnt arcas of implementation
such as maintcnance (production for repetitive product), short-run over-
haul work, rescarch and development and other business arcas. It may be
applied to the construction industry for projects such as warchouses, facto-

rics and office buildings.( 1, 4, 10, 12, 28)
2.5.3 Advantages of a Gantt Bar Chart ( 1, 4, 15, 27, 44, 53)

l. It is simplc and gives a clcar picture of the overall project.
2. It is rcadily understood at all Icvel of management, starting from

manager to the dircctor and from the foreman to the laborer.

3. It is a flexible mcans of illustrating and updating the actual schedule
with planncd schedule. Tt is a dynamic proposition.

4. It is a visual method showing the relationship of planned to actual
performance by marking up as the job progress.

5. It casily lends itsclf to updating without complete redrafting.

0. It rcadily shows the rclationship between master program and any
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subsidiary programs'.

The format (Static Dimension) enables it to show the course of the
work.

It is so clear that a GBC is used to indicate the demand for
resources over each week or month by entering values and summing
under the appropriate working days.

It lends itsclf to indicate the demand for material procurement and

aids in requircments and key date symbols for material control.

2.5.4 Disadvantages of a Gantt Bar Chart (10,11, 12,28, 44)

1.

It docs not clearly show the interrelation dependencies among the
projecct activitics.

There is no special emphasis on critical activities in working up to
project completion. It dircctly affects the total cost of the project by
increasing the project duration.

The scquential relationship is not completely prescribed. Activities
can be freely overlapped in term of time which may influence the
actual performance of oncoming activitics.

Complex, interrelated opcrations cannot be identified because the
breakdown of the project into its components is very general in

naturc and some activitics may be missed.
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2.5.5 Basic Data for GBC

Gantt Bar Charts have been widely used in industry since Henry
Gantt invented it in the carly part of this century. A typical GBC is rep-
resented by a scrics of bars plotted against a calendar scale and each bar
represents the begining, duration and end in time of some item process of
the total job to be done. The static dimension of the bars together makes
up a schedule for the whole project. The general principle steps of con-

structing a GBC for any project are listed below: ( 26, 28, 45, 53)

1. Establish a logical sequence of operations involved in the project.
2. Establish cach activity to its dates (starting and finishing dates) with

the quantity to be performed.

3. Avoid cxceeding the capabilitics of the resources that are available.

4. Provide for continuity of operations.

S. Start project control (long activity duration) activitics carly.

6. Plot the bars according to plan, dates, sequence, quantity of work
and labor, ctc.

7. Make dccisions for resource Ieveling.

A typical GBC is shown in Fig. 2.10 which demonstrates the static
dimension of graphical representation of onc project. The project tasks are
listed vertically and beside cach task is the quantity of work to be per-
formed. The bars plotted are associated with their starting cstimated time
and with their cstimated finishing time for cach of the activitics involved.
The times (start and finish) illustrated in this Figurc arc rclated to the cal-

endcr dates of the year.
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In addition, the schedule of activities is shown on the horizontal bar

with their estimated times. These represent the estimated progress while
the cross-hatched bar represents the actual progress. The difference
between the estimated and the actual time, cither positive or negative,
helps the manager or contractor to know whether the progress of the task

is on schedule or behind.

It must be recognized that a Gantt Bar Chart can be uscd as a tool
for achicving timely completion, economy, and control of a project which

involves many paramecters such as: ( 7, 10, 12, 37, 44, 45, 53)

(a) Manpower Schedule (MS): It rcpresents the total number of workers
required to accomplish one activity. A sample of this schedule is illus-

trated in Fig. 2.11,

(b) Bill of Materials (BM): This shows the quantity of material needed to
achicve or complete the task. An cxample of this schedule is demonstrated

in Fig. 2.12.

(c) Equipment Schedule (ES): This schedule contains many subschedules
for fucl, working hours for cquipment drivers, types of machines, ctc. The
ES shows the main requirements such as the type, the date and the length

of time nceded. This type of schedule illustrated on Fig. 2.13.

(d) Expediting Line Schedule (ELS): This indicatcs the dead lines for the

preparation and approval of shop drawings
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Because of the simplicity of a Gantt Bar Chart many construction
managers prefer to use it for planning and scheduling their construction
projects. The decision as to whether or not to use GBC or any other time
scaled prescntation must in the cnd depend on local circumstances and top

management’s decision.
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2.6 Fencing a Bar Chart (CPM/PERT/GBC) (FBC)

Planning and scheduling by any technique has always been part of
project operation management. Managers and contractors are always
looking for cffective and cfficient ways of planning and controlling the
operations in a project. A Fenced Bar Chart (FBC) is a new graphical
planning and control method used in construction. This technique provides

management with: ( 10, 26, 27)

a) Detailed information on the progress and the outlook for accom-
plishfng the tasks of the program.

b) Optimum measures of the validity of established plans and sched-
ules for the cffective accomplishment of total program objectives.

c) A mecans of predicting the impact of actual or proposed changes on

the program.
d) Information about the negative or positive cffects of changes after

the process of corrective action,

c) Formal representing of both the logic and critical activity involved

in the overall process.

Construction partics still have a strong preference for the Gantt Bar
Chart (GBC). The different reasons for the preference include the simplic-
ity of it, its casc of use, and wide familiarity with it, cven among lower
level personncl. However, GBC has some shortcomings such as the inabil-
ity to represent interrelationships of activity, and the inflcxibility of the

chart for reflecting slippages or changes and the inability to reflect
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uncertainty.( 3, 7) Most of the Systcmatic Examination Techniques have
some shortcomings as mentioncd carlier. A project manager must search
for an effective method that can clarify all disadvantages and deficiencies
and attempt to minimize the conscquences of delays and litigation. Fenc-
ing Bar Chart (FBC) is thc method that has all the advantages of both
Gantt Bar Chart and nctworks such as CPM and PERT.( 10, 26)

2.6.1 FBC as Accumulative Project Progress

The Fenced Bar Chart retains the simplicity of a GBC, yet presents
the complete picture of the project and the scequences involved. This tech-
nique looks like a bar chart so that lower level personnel quickly under-
stand what is being shown. It also represents the logic of a network which
is found in both CPM and PERT. It provides diagrams which climinate
cross-over among paths. Recently, construction parties have changed from
using networks (precedence or arrow) to bar charts in thcir application of
CPM and PERT for cffective planning and controlling projects. ( 10, 26,

27) The recasons for this change from Nctwork to FBC are discussed

below.

2.6.2 Human Factors and Commumication Problems of both CPM and
PERT

The main recasons of contractors’ transferring is 'bccause of the

human factor problems and communication problems in both CPM and

PERT. CPM and PERT are complicated, but GBC requires a lesser

degree of knowledge for skilled labor to understand. CPM and PERT

requirc a higher level of training because the arrangement and placement
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of activities for large or complex networks becomes more critical as the net-

work increases in size and complexity.( 7, 10)

On the other hand, the communication problem is one of the most
vexing troubles occurring between the lower and higher levels of manage-
‘ment. CPM and PERT are difficult to understand by lower level person-
nel and by somc managers and supervisors. Large and complex CPM and
PERT networks (prccedence or arrow) for large projects might be devel-
oped but not without difficulty of understanding cven for top management,
managers, spccialists or supervisors whose job is to carry out and to be
responsible for such parts of the project which are associated with the net-
work plan.( 3, 7) Actually, combining a Gantt Bar Chart with CPM and
PERT will provide a technique which is effective for resolving the troubles

arising from the implementation of CPM or PERT only.

2.6.3 Advantages of FBC ( 3, 7, 10, 26, 27, 31, 53)

1. It usually shows the I(;gic involved in the network (precedence and
arrow) and the usual information in Gantt Bar Chart.

2. It is an cffective means of communication between the project man-
ager and others involved in project.

3. It is a valuable mcans of tracking the progress of the project.

4. It readily indicates the interdependencics so that the planner can
indicatc why an activity is critical, or show the conscquences of an
activity delay.

5. It docsn’t require cxcessive training to usc it in all phascs of project.

6. It encourages innovation by displaying the current and proposed
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schedules.

2.6.4  Determination of the Planning and Scheduling Information on the
Fencing Bar Chart (FBC)

The Fenced Bar Chart with two broken fences do not only shows
the logical constraints, but also shows the required time when ecach activity
is to be donc and the float of cach path to be considered. Thercfore, any
delay of an activity is clcarly indicated. When an FBC is used to plan,
schedule and control any construction project, it will obtain the overall
functions and information shown in the network and Gantt diagram. This
technique illustrates the combination data of the PERT, CPM and GBC
which include the following: ( 3, 7, 26, 27)

1. Task duration.

2. Identification of each activity.

3. Indication of relationship between cach activity and other activities.
4, Shows the total floats and free floats.

5. Indication of the critical activitics.

6. Progress character

7. Shows the carly start and carly finish for cach activity.

Figure (2.14a, b and c) illustrates the planning and scheduling of
one project plotted by nectwork, precedence and Fenced Bar Chart. The
above information allowed the manager to answer the “What if we change
this?” question quickly and accurately. The planner can trace and record

actual progress while still updating the current plan for the project’s

remainings tasks.( 26, 27)
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2.6.5 Basic Data for FBC

A Fencing Bar Chart shows the logic of thc nctwork and scquential
relationship of activitics in a GBC. The activitics in an FBC are organized
in a secquentional path order so that cach path is clearly visible. The activ-
ity on the left of a fence is like the branches of trec and must be complcted
before any of the activitics on the right sidc of the fence may start. Sum-
ming up the gencral procedure for drawing an FBC can bc illustrated as

follows: (3,7, 26)

l. Draw a Gantt Bar Chart and fill in the time units according to the
- calculation of a network diagram.

2. List all activitics in the left according to their network sequence.

3. Begin to draw, activity by activity, by beginning its carly start and
carly finish and the scaled bar will represent the duration of the
activity.

4. Identify the critical activitics and the initial activitics, and indicate

the all floats and represent them by a dcnoted linc or blank bar.

An FBC is one of the most effective tools of the project manage-
ment profession. It helps a project manager in planning, scheduling and
controlling all construction project phases. This new system provides man-
agers and planners with a tactical planning technique. It improves longitu-
dinal and horizontal communication in a simple manner among groups

involved in a project.( 3, 7, 26).
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2.7  Comparison of SET as a Planning and Scheduling Tools

CPM, PND, PERT, GERT and GBC arrived on the industrial
scenc at different times, and as esscntially independent developments. The
technique used by managers, engincers, planners, and contractors depends
upon some principle assumptions and some factors in which project to be
applied. These can be a sct of valuable management tools if they are given
adcquate support, thought and cffort. Comparisons among Systematic
Examination Technique (SET) for planning and scheduling are made
according to certain logical critcria such as their applications, objectives
and characteristics. The actual comparison is due to fundamental factors
in terms of network preparation and the type of project to which the
method is to be applied. This comparison of the SET is the result of stud-
ying the above mentioned techniques. The comparison is formed in order
to help the planncr, the engineer or the manager to visualize the most
appropriate technique to be implemented in any project. It also gives the
construction parties, especially the planner, a complete idea when deciding
which technique is most suitable for the project. Indeed, some methods are
not applicable in such project because there are some changes which hap-
pen due to project conditions and the expericnce of the construction man-
ager. The comparison outcome will assist the planner or engincer in plan-
ning carcfully for its usc, in obtaining the full support of management, in
utilizing supervisory leveling and in providing adequate training for thosc
who will use the technique. It is essential to follow up the comparison with
positive action to restore, correct and clarify all problems caused by the

implementation of any technique for planning and scheduling. The
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problems in the acceptance of SET have arisen duc to human resistance to
change, carclessncess in preparing the network and failure to follow up dur-

ing the implementation of the project.( 3, 4, 6, 7, 15, 32, 36)
2.7.1 Comparison between CPM and PERT

CPM and PERT arc two tcchniques represented as mathematical
mechanisms, which can evaluate cither time or cost or both in order to
- complete the project within its time and ﬁnanciai limits. These two tech-
niques have similaritics between them. Both are arrow diagrams to graphi-
cally model a project. There arc likewisc some signiﬁcant’ difference
between the two techniques. The basic difference between PERT and
CPM is in the objectives which their application arc meant to attain. In
using PERT, the U.S. Navy was primarily interested in reducing the dura-
tion of the Polaris missile project, irrespective of cost, but in using CPM,
the Dupont Company was primarily concerned with cutting the overall

costs of the plant overhaul.( 27, 31)

PERT rcquires cxtra computational cffort and hence additional
costs arc occurred. It is most valuable when very little background infor-
mation is supplied, but CPM docs not require any cxtra cffort or addi-
tional cost. CPM is accurate, rcliable and valuable when a project involves
specific start and end times. In addition, CPM is particularly useful where
a large number of interrelated tasks arc to be carried out, so many of
which may occur simultancously.( 31, 40, 43) In other words. the two
major diffcrences between CPM and PERT arce based on both activity and

assumptions of time. The first is the emphasis in PERT which is placed
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upon the activity stressed for completion data, whercas in CPM, emphasis
is placed upon the activitics to be accomplished. The sccond major differ-
ence is that CPM assumes the activity duration is deterministic with small
variance, but PERT activitics arc assumed to be distributions of time with
large variance.( 23, 34, 53) A rcliable comparison between CPM and
PERT through various fundamental factors or featurcs is represented and

listed in Table 2.6.1.
2.7.2 Comparison between PERT and GERT:

GERT and PERT arc somewhat similar to cach other in such a way
that they consist of events and activiticé connected in a logical order to
form a model of some system of intcrcst., lndccd, a PERT network must
be complct&l, thus branching from a nectwork noldc where all deterministic
branches must be taken. However, GERT contains probabilistic or deter-
ministic branching or some combination of the two. There arc no loops
allowed in PERT. On thec other hand, GERT allows looping to be
included.  All activitics in PERT arc terminating at an cvent must be
completed before that event can be realized, no event can be realized more
than once in PERT. The GERT approach yiclds more uscful information
concerning the expected project time and critical path than docs the stan-
dard PERT approach. Actually, GERT provides a consistently more
accurate cstimatc of the project time and the standard deviation, while
PERT may yicld an estimate over or under the reliable cstimate.( 32, 44,

49, 57)

Gencerally GERT is a more accurate cstimate of the total project
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completion time while PERT consistently presents an overly optimistic csti-
mate. Therc arc many other factors of planning and scheduling methods

utilized for comparison between these two methods which are illustrated in

Table 2.6.1.
2.7.3 Comparison of SET

Table 2.6.1 illustrates and describes a comparison of the Five Sys-
tematic Examination Techniques for planning and scheduling. This table
provides a guide for the planner in deciding which tcchnique is most suit-
able for his project. In fact, the project manager and the management
leam are responsible for the planning and they still make the nccessary
decisions bascd upon the information supplicd, and, they choose which
planning technique is most uscful for their project based on the informa-
tion they have. As pointed out earlier, thc PERT nctwork analysis will be
valuable when uncertainly cxists in performance time and costs. On the
other hand, CPM network is sometimes unsuitable for the planner to ana-
lyze and control a projcct where uncertainty of timc cxists. The manual
GERT technique for planning analysis is too difficult in terms of the tech-
nique involved in preparing network planning. The reader, in studying
this table (2.6.1), will form an idca of which method must be used accord-
ing to which typc of project being handled and of what is required for the
application of any system approach to planning, scheduling and control.
Anyonc interested in applying any of these procedures or in extending the
concepts further can refer to the many books available on the subject of a

network analysis. There are many cxamples of nectworks being used in



70

agrqissad adgy

Juadde qJoy

unolys JoN

umoys JuN

HelANN

ATTensn JoN
1SOTS By
aTyeidaooy

Isey3ny

MIAIN

a3vaopoy

19A9T JomOT J03 Y31y

aTdury

aTquideday

IOTIITP ISON

I3 W

1S9TSHY

AToJamy

HIANN

ITNIT 3T
JUBTTEORY

auay

Iseydiy

HAAUN

nop

FTOTII WA

81Yyvldodde aay

21 BI2POY

FIVOTITTP IS

IOTIT TP SO

ATTUNSH joy

usdrsap
Aq aTywvjdoooy

aTyuldaooy

JUD| [AOXY

auoy

Y3y

HHANN -

anoadur

Amve:n: JJauyo
JB8Y 3uTOuay Ay

BB T

ERURIFPR |

EEIHY

Aswy

AlUTSSQ

ITONIITA
a1quadaodoy
ayJdapuy

auoN

HAAIN

- JUDT1OOXY
¥3vIBPO

Jajndwoo
Ay a1ywidaooy

aquadonoe aaoy

1501SRY

Al1A130R
RIIXO uv ad1nbay

alyissoduny
O 3oyl d

AYTSSy

AloJauy
arqradaaay
ITYRUOSBYY

ouoN

MIAAUN

IJravpoy
aaoaduy

AEG:,.: JJauyo
auy dutousy Ag

wexdetp
S® uotjviuvsaad Jo aswyi‘gl

syjsed
JROTI MOTT0F 03 AITTTWY 21

sjuswaLTnbod Jutousnbos
/89111AT30U poddetaon) i1l
aduuyo o1307 JO vs¥Y V1
3urjupdn
493I¥ BuT3yeapod ajarduw) g
duiZTuoloTew °y
SSU0ISOHTT *L
POIUSTIO uoTiaTdwe) *y
(oum) awy) SHvy Jo stseyduy -g

(sury
JUSAY) SIuLAS JO STSByduf i

(vury A37A7300)
SOTITATIOR uo siswvyduy -°g

UOTIBOTUNULIOD JO 8SBY °F

VO] Jo aswy °T

?COEC g

(v %SEC /4

(& vbmmn— 3

(g)UNd G

A:,EU 1

(J4S) ANOINHDML NOLLVNIWVXY OLLVRALSAS

ONITINUAHIS ¥ ONINNV I HOd
(IAS) HNOINHOAL NOILVNIWVX:
OLLVIRALSAS NU  SHUNLYHd

"Saaneoy (wjuvumpung ydnoayyz anbyuyoo ButInpayss 3 Buyuuwid swv (148) J0 uosTaBdW)

:(1°9°2) atquL



Haomjau

polUSTIO awy a7q¥550d . £seq 1soT1sey Kseq Jo uvorjeavdaad jo aswyy °GZ
1 .
=~ A31AT90R
ITNOTIITA syl Aswy Asgy 1soT1S%y TedT11I0 8y3 Juturiag °*pg
19491 uotyvavdoad
unoys JoN 931819 PO POy [y ele )] JUaT 120Xy 18 S8TITATIOR POIBIaI-JUl *CZ
peagadde Atawa) duoays joN atywjydaooy 3uoays 1oy Teudts Sutuaey UMOUS ATJIBITO ABIS] °*2Z
JUSTT20%Y 3uoays oy 938I9pPOY 93 8I9pO Buoaig STOYwAsS 238p A9Y JO aswyl *IZ
isayg JMOTFITL Ison o1qrssad ITOTIIIG S} BISPON TOJI3U0D TeTJIS}BU JO BSRI °*(Q3
umoys NJIOMION AJBIPTISYNS 01
UMOUS ATJ897) Joq HIOM] ON-BI] Xy §auTjsuog -qng paJInbay uBld Ja31s®y Jo diysuoryviay °gl
.- (Butrreset
JUS T80y ITNOTIITA a3 vIapoy . 93exapoy 9TqBUOSBYY SDINOSTY) SIDIMOSTY JO puvwe] °*8I
301d - 3074 3014 aouswxoyaad TeEnjlow
IS8y a3vIapoy ssaxdoad Ag ssaadoad Ag ssaadoad Ay 01 3utuuvld JO dTYSUOTIBISY °LI
(Ogd) 3xsp Odd) 3avyd
isoeg Jod Jug Buyoug] Ag 93eI9pOl Jvy 3utousq Ay aan31otd [IBIOAN) °*UT
01301
9Jea9poy #no1 Mo 8uoajg 91BIBPOY 8ut308a100/3uT3vpdn oswy °gT
andano
15897 aagy IS 2] BIOPCY 93 8I8pOY 1SRI] 394daajursSTWw 03 POOYATSONTT °*bI
Amvomc B Avvammo 4 Amv._.mmm ‘€ Amvcza ‘C ACEU

ONI'INAIHOS B ONINNVId HOd

(13S) YNOINHOWL NOLLVNINVXY OILVAALSAS

(1498) ANOINHOEL NOILVNIWVXA

OILVWALSAS

NO SJ3ULVAd

‘Saun}edy Tejusuepund yanoayj anbyuyosg Burmpoyos 3 Suyuuwyd s

(13S) 30 uostawdwop

:(1°9°2) a1qu]

(***pauen)



72

Xapu1

*JoN a3udapoy Auouagg duoagy ISE AJTIROIITID JO UOTIVUTWIDIY] *Lg
UMOUS MON PIRMyOB B pIemloy TBUOTIDaITPUN TBUOTIVBATPU (BUOTIOAITPU]  HIOMIBU UT MOTJ JO UOTIVBITY °*yg
19pou
ATIY31 1S 0N 98aN02 JO JON DSIN0D JO JO 2an3onalis o13STUMOIY] 4
oo
IWN 54N JO ION IN JON JO aanionalis 2131swvyo0Is “pe
JOAN 281000 JO JOAN JOADN JOAN POJUSTIO UOTIRTNWIS °*L¢
uotjy
—eluasaad pue aSoroutuus]
ATYTSSWY 3seydny uy3ty JaAN QU owoy Ut SouanTyul JUTZTPIBPURIS °*ge
ATTeus() 1SomMu] 91vJI9puy MnU Jseydny uorIBTNOTIBD T¥NUBL JO ISRYY °Ig¢
(pxoocaa wiwp But
—J199uT3duy) 19AST SutTnpsyos
1% sjuaunoop Jurduaom
JUITTOOXY 1SoMUT ajuaLpoy MO EE T S® umdBBTp JO SSaUINIas); UL
12A91 oourw
—~J1oyaad 1w juaunoop SursiIom
Isey nop ATTWMMSRH JON >.:§.w:. ajeropoy 58 ueadeTp JO ssautnges( ‘6e
aTYrldoody POpasN 3san papaN swyjauwog ounlswog Toquis TeTOads JO pasN *wg
JUST199%Y duougs qoN a3eJ9pay aJuaopuy OJVIOPON  wed TP BuTTROS-SUTY JO VS®Y °Lg
M J07 A371TYTSUOCUSaBd
MO Mol a3vIapay duoaig duoasg JO uoTjRuTWIa1aP JO 3IS®WY *yZ
Q n : . .
Amvomc 4 @v&mmb 14 Amv.EmE € vaoza 4 ACEO

(L48) ANOINHOHL NOILYNIWVXH OLLVWNILSAS

ONITNAAHOS 8 ONINNVId HOJ
(13S) ANOINHOAL NOILVNIWVXA
OLLVWALSAS NO SJ4NLY4d

‘Samjes [ejusumpuny y3noayy anbyuyosy 3urnpayos 3 Juyuuwid su (14S) 30 uosyaedup

:(1°9°2) a1q¥w]

Ao . o—vU:ﬁcv



73

JOW| duoagy IS duoxas oy duoays gy UOTIBAQUIL AJUTEIISIY) *(Q
sSpuBuLpP
UMOYS N a3 RI0pUy aryISsswy 15ixy al1qudoniy SHO1T1IOT] JO IDUBPTIOAY *G
Juoaqyg MU ajexapoy a3eIapoy 1S adods Jo motA ava) *yr
i Juty 3oafoud jo
yawy U RINE T pTO Y oJulopuy aJudapay il JaRIS D1J10ads 203 [InJaomad Ly
fuouqg duoays quy Suouyg Juoajg duoajg  uorsT1ONp J0j jJuounBeuvw didy cyp
1S aU] ajvaopay ajeanpoy aFudaPy MIOM ¥ ULIIOR JO asanq) Gy
Mrumjau
JOAN JOABN JOADN IS Jaaoy Y} meap durdaqunu S18u1S *pp
ATUTSSY dutunsuoo
GuY Ny poo) pom) 1Sy PO Jajnduvod Ay Buiajl(duty ¢y
I3 BADPUY M| peoy poon s8] s0duByd jJo 1003J0 uoTIVNTBA] Ul
duoays 3wy duouals JN _wuc..ctf. DY VAOPUY ISy wolqouad ogojay 1vufts Autudauy 1y
Topow
ATIYST IS TN I 951n0d 30 VSN0 JO Jo Jojouwmawd OVISTUTWIOILY QP
I aSINVD JO aSaN00 30 ION JON  T[8POW JO avjauravd OTISBYD0IS *GE
Butp
ISy o133z 9} vIOpOy 9 wIOpU NVIIPON  -uv]SI9IpU] ¥ JuTpvsy JO BS¥Y g
GOHD Y JUAD b whidd € (UNd 3 W10
(s) (v) (€ (@) (W) ONI'INUAHOS B ONINNVI HOd
(L4S) ANOINHOHL NOTLVNIWVXH
(148) HNOINHOHL NOLLYNIWVXH OLLVWILSAS OLLVILSAS  NO  SddnLVd S
S2aN3uad [vIuSBumpUTY Y3nodyy anbyuyoal Buympoyds g Suyuuwyd Su (JHS) JO uosTawducy  :(1°9°Z) a1qe],

(***mu)



74

practice with great success for which references are available in the bibliog-

raphy.( 3, 19, 33, 35, 41, 42)
2.7.4 Sclection of SET By Construction Partics

Construction management is a difficult ficld and traditional struc-
tures have often proved to be ineffectual in carrying out all dutics assigned.
The construction manager is responsible to top management for getting the
job donc on schedule within the allowable cost. However, this goal must
be accomplished by employing the cfforts of many scparatc organizations
and workers, m'ost of which are not under his dircct supervision. SET
have been developed primarily to assist the construction manager in plan-
ning, scheduling and controlling the work under his supervision. By utiliz-
ing the SET for planning and scheduling on the project, a manager knows
which’ activitics arc critical and so require special attention, or what cffect
a dclay and what a failure in onc activity will have on others following it

or on the success of the project as a whole.

The master plan of all project segments nced to provide the man-
ager with an up-to-datc overall picture of the operation at all times, and
should employ a technique understood by all partics. The SET arc devel-
oped and designed to fulfill the above mentioned needs. These techniques
can be regarded as warning signals for any cffect of change in the overall
project and certain decision making functions must be taken place. All
partics to the construction must look after a new method or technique to
provide its management with a measure of the validity of the cstablished

plan and the schedule of the total program objcctives, thus providing a
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mceans of predicting the impact of actual plan of the total program objecc-

tives and information on progress to date.

Dccision making by sclection of the best technique in the SET
depends on project size, type, degree of complexity and availability of all
resources nceded to accomplish the project. Usually, construction manag-
ers or any other concerned person look for a technique which will supply
certain information nceded by them in a timcly, uscful and understandable

manner.( 3, 19, 35, 42, 57)

Fundamentally, the initial “doing-not doing” dccision depends on
the manager’s view of such problems basecd on his cxperience and the
project conditions. Table 2.6.1 may cnable responsible managers to design
and implement better techniques of planning and scheduling in their own
companics. Generally, if this table is cffectively workable in helping man-
agers to make morc cffective use of Systematic Examination Technique for
planning and scheduling, it will benefit sharcholders with large profits,

cmployces with higher wages and the customers with better value for their

moncy.
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CHAPTER 3
RESEARCH METHODOLOGY

This Chapter describes all the procedures that have been followed
for achieving thc objectives set for this study. The following scctions
describe the research approaches, the rescarch design, the essential
required data, data collection, source of data and the sampling techniques

used to select the key information in this study.
3.1 General Research Approach '

The complete research design of this study which includcs: the litcra-
ture review, questionnaire utilized, data collection and ana]ysis,' results of
findings and the conclusions, and recommendations is summarized on the
analysis diagram of rescarch design and methodology in Figure 3.1. The
methodology of this rescarch consists of five steps that have been taken in
achicveing thc objectives stated in the statement of the problem. These

steps can be summarized in the following phases :

Phase One : An intensive rcview of the rclated litcrature was con-
ducted to study the Systecmatic Examination Techniques
(SET) for planning and scheduling, including CPM,
PERT, GERT, PND and GBC. This literaturc rcview
focused on identification and description of cach

mcthod, and a comparison among them.



Phasc Two :

Phase Three :

Phasec Four :

Phase Five :
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The first survey scarch was conducted for gathering the
nccessary data through a preliminary questionnaire .
Interviews, site visits, telephonc contacts and discussions
with concerned firms werc conducted for obtaining

data.

The sccond survey scarch was conducted by formulating
the final questionnaire by utilizing the intensive litera-
ture rcvicw and the preliminary interviews. These qL:cs-
tionnaires were distributed to and’ collected from con-

struction firms.

Data analysis through statistical techniques was con-

ducted on the data which was previously gathered.

Recommendations based on the analysis of the collected
data werc madec and these are supported by conclusions

and suggestions.

The analysis of the preliminary questionnaire resulted in the forma-

tion of the final survey questionnaire (Appendix A) which was distributed

by mail or by hand and collected on a sccond visit. Numerous ficld visits

were conducted to different construction companics’ offices. The data

gathcred from the discussions were assembled and carcfully studied in

order to develop the final questionnaire format. This stage was nccessary

to assurc that the questionnaire covered the full dimension of the subject
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with respect to assigned objectives.

Special care was cxercised in the abovementioned phascs such as the
way the contacts were made, the way the rescarch was introduced, and the
guidelines and the logical sequence of personnel. These steps were fol-
lowed to achicve the objectives assigned for this study. The purpose of the
first phase is to achicve objectives 1, 2 and 3 sct for this study and to sct
the foundation for achicving the other two objectives. The last phase .was

held to achieve the last two objectives of this rescarch.

3.2 Required Data

An intensive litcrature review concerning the main Systematic
Examination Techniques was conducted for the purposc of identifying and
presenting the Systematic Examination Techniques . The identification
and prcscntafion requircments include historical data on cach method, the

basic procedure, and the advantages and disadvantagcs of cach technique.

The advantages and disadvantages were stated clearly for cach
method in order to provide a broad significant appreciation of the naturc
and uscs of the methods involved in the sct. The advantages rcpresent the
benefits obtained by utilizing a technique while the disadvantages concern
the limitations and difficultics of implcmenting any onc of the sets. For
Objectives 1 and 2, the cssential data review was conducted as a basis for

both comparison criteria and questionnaire development.

In addition, a study of all types of Systematic Examination Tech-

niques has been performed to make a comparison study among the
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methods through fundamental factors such as the cmphasis placed on
events or activitics which comprise the differences of notation among the
techniques. Each mecthod is either a nctwork by cvent or an arrow dia-
gram by node. The other factors for comparison include, 1) completion
oriented (the problem of uncertainty of time duration for individual job),
2) case of logic chance (modification by action required and new schedules
could be developed), 3) easc of preparation of the technique (either by
simple number or depending on activity or cvent tables), 4) casc of deter-
mination of the responsibility of work (capability of investigating the
actual responsibility of each individual), 5) ability to flow the float path
through the diagram or thc nctwork, case of time scaling diagram (the
dcgrée of preparation of the network scquence of jobs by time scale
mctﬂod, 6) Ease of'balancing the resource allocation, 7) nced of special
symbol (in the notation of the system), simulation oricnted (estimated the
time duration by simulation), 8) dircction of flow in nctwork (cither onc
way or two way dircctions) and 9) the level of communication between
lower level personnel and upper level of the top management and amongst
other factors and featurcs such as their flexibility of utilization, availabil-
ity, ability, capability and optimization among all the work function items

of the methods (for Objective 3).

The litcrature review established the basis for the questionnaire
development. A survey study of the Systematic Examination Techniques
was conducted to cstablish the naturc of implementation and the level of
importance of these methods among Saudi Arabian construction contrac-

tors. Thesc questionnaires were distributed by mail to different firms in
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different regions in Saudi Arabia for the purpose of collecting the neceded

information for this study (for objectives 4 and 5).

3.3 Data Source

Two prime sources were used for sccuring thce nccessary data. The
first source was the litecrature, which includes books and periodicals. The
litcrature is rich in data nceded. The second source was the industry,
which mecans the construction contractors in different regions in Saudi
Arabia. The second stage in the study involved ficld visits, interviews and
discussions with Saudi construction contracting companics. It focused on
the identification of the nature and uses of planning and scheduling meth-
ods, the aspccts of utilization, the uscr’s lcvels, the level of importance, the
degree of success, the causcs of success and causcs of failurc in using thesc
mcthods. The questionnaire was the medium for collecting information

nceded from the construction industry.
3.4 Sample Survey’s Data Collection

A survey among construction companies in the Saudi Arabian con-
struction industry was conducted. A structurcd qucstionnairc was utilized
as the main vchicle for gathering data from the contractors. The prelimi-
nary questionnaire was designed to cover the overall issucs in formalizing
the final questionnaire . The issues included frequency of uscrs of System-
atic Examination Techniques (SET), the aspects of implementation, the
different users of information gathered from using these methods, the ben-

cfits obtained, the major concerns with regard to cach mcthod and the
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level of importance of implementation, the successful utilization of meth-
ods, and descriptive characteristics of respondents. The main function of
this questionnaire was to sccure information rclevant to the scope and
naturc of the usc of the SET among large construction firms. In addition,
it was the purpose of thc questionnaire to get top management assessment
on the benefits and problems associated with the use of these methods as
well as their importance to the firm (for objectives 4 and 5). Additionally,
struciured interviews were used as a medium of data collection for this
rescarch in order to avoid any major difficultics such as any misinterpreta-
tion of an amount of data have been guarantced duc to the varicty of ter-

minology in thc construction ficld. |
]

3.5 Sample Survey’s Questionnaire Development

A similar questionnaire was utilized in 1962 to study thc application
of planning and scheduling tcchnique with CPM. This first survey on
CPM was developed by cditorial with CPM and survival published in the
Enginecring New Record.( 11) The same survey was conducted by Robin-
son ( 35) in 1965 with similar questionnaires; another study was carricd
out by Schederbeck ( 31) in 1965 for studying the application of PERT.
Mansficld ( 45) in 1969 performed a study of technical innovation and lim-
itations among a large number of companies in various industrics in Eng-
land. Davis ( 20) in 1974 studicd through survey thc CPM application
among Amcrican construction companics. Farage ( 8) ran thc samc qucs-
tionnaire of Davis in Kuwait. All the questionnaires utilized in the above

studics are similar and concerning CPM mcthod only.
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All the above studics, especially Davis, set the foundation for the
devclopment of the questionnaire that is used in this study. The question-
naire utilized in this research is extended to the application of five tech-
niques of planning and scheduling such as CPM, PERT, GERT, GBC and

PND which are included in the Systematic Examination Techniques .

The questionnaire in this study has been modified from Davis’s
questionnairc and extra qucstions have becn added. Some of Davis’s qucs-
tions have becn deleted and other questions have been modified and organ-
ized differently in a more compact i"ormat.. Davis’s questionnaire involved
only CPM uses by the top 400 construction firms in the U.S., but this
study was extended to five techniques instecad of only the onc method of
that survey. For collecting the data, personal site visits and personal inter-
vicws and discussions were conducted with corporate officers, planners and

engineers in sclected firms.
3.6 Sample Survey’s Questionnaire Design

The analysis diagram of the sample survey qucstionnaire design

mcthodology is shown in Figure 3.2.

A cover letter was sent to sclected construction companics along
with the final questionnaire (Appendix A). The letter asked the respon-
dents to fill out the questionnaire . The questionnaire was cither picked up
on a sccond visit when the information was aided in the completion or the
sct returned by mail. Data werc collected through the questionnaire which

was left to be answered or filled by a key informant, who was cither the
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construction project manager, the planner, cost engincer or a subordinate

managcr.

The questions sought information on the firm’s gencral description
and the contractor’s personal characteristics. The application of SET for
planning and the scheduling and the evaluation of the SET in the contrac-
tor’s point of vicw were sought to aid in determining the bencfits and prob-

lems associated with the use of any of the mcthods utilized.

This investigation by the final questionnaire was quite necessary to
assurc that the structured questionnairc covered the full range of informa-
tion and the dimensions of the assigned objective of this study and the

research subiject.

‘The survey Questionnaire is divided into three sections. The first
section (Part A) inquires about FIRM INFORMATION, which sccks gen-
eral information rclated to the firm, such as the cofnpany’s name, national-
ity, location of main and branch offices, total number of employces, and
the size of the company in terms of Saudi riyals. The necded information
in this section provides general information about the respondents in order
to assist classification and other statistical analysis purposes. The second
part (Part B) cxamines the implementation of the Systematic Examination
Techniques (SET). It is cntitled the SET IMPLEMENTATION and
includes the type of methods used by the respondent organization, the fre-
quency of usc of the method, the main function or aspect of using the
mcthods, and at which level the respondent utilizes the information from

implementation of the SET. The main purpose of this section was to seck
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information relevant to the proccdurc of how respondents applied the
methods in order to give rescarchers complete knowledge about the scope

and nature of usc of the Systematic Examination Techniques .

Finally, the third scction (Part C) examines SET EVALUATION.
It includes the type of bencfits obtained from implementation of any one of
the SET, and major concerns with regard to thc operation and usc of any
onc of the methods. It also sceks criteria to measurc successful and the
reasons related to successful use. It also sccks failures by users and the
reasons for this failure. The SET Evaluation scction function is to help
any rescarcher, planncr or any other concerned person in applying thése
methods and to give them complete knowledge about the scope and nature
of usc of the Systematic Examination Techniques for cffective cost reduc-
tion. It also obtains the top manager’s views on the benefits and problems

associated with the use of these methods.
3.7 Sample Size Determination and Selection

This section explains the sample sizc determination from the popula-
tion and the procedure for sclecting the respondents in this study. These

will be considered in turn.
3.7.1 Sample Size Determination

The structured questionnaire were distributed to construction con-
tractor companics in Saudi Arabia, who arc involved in industrial con-
struction . This survey contains onc population and covercd by the stra-

tum:
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Stratum (1) .................... Contractors
The following formula was used to determine the sample sizc :

n = (ts/d)?/ [1 +(ts/d)2/N] (3.1
where:

n : Sample size

N : Sample population

t : ta/2 is the abscissa of the normal curve that cuts off an arca
of o at the tails. ta/2 = 1.960 from Table.i

d : the amount of accuracy (1 —a) % = 0.05 ‘

S: P,P=05andq = l-p = 0.5; Maximum standard devia-

tion in proportion of cstimation.

For the only stratum concerning the survey study, the list of con-
tractors available contains contractors mixed with building and other con-
tractors. There are 1,000 construction contractors in diffcrent regions in

Saudi Arabia as published in the directory of construction contractors.
Therefore, the calculation of the samplc is as follows: (14, 22)

n, = (1.96*0.5/0.05% [ 1 + (1.96 * 0.5/0.05)%/1000 ] = 277.54
n, = 277.54/[ 1 + (277.54/1000) ] = 217.25
ny = 217.25/[ 1 + (217.25/1000) ] = 178.48
n, = 178.48/[ 1 + (178.48/1000) ] = 151.45
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ng = 151.45/[ 1 + (151.45/1000) ] = 131.53
ng = 131.53/[ 1 + (131.53/1000)] = 116.24
n, = 116.24/[ 1 + (116.24/1000) ] = 104.13
ng = 104.13/[ 1 + (104.13/1000) ] = 94.30
ng = 94.30/ [ | + (94.30/1000) ] = 86.17
N = 86.17/ [ 1 + (86.17/1000) ] = 79.33
ny, = 79.33/ [ | + (79.33/1000) ] = 73.51
N, = 73.51/ [ 1 + (73.51/1000) ] = 68.10
Ny, = 68.10/ [ | + (68.10/1000)] = 63.75

Beyond this, the difference becomes smaller. So, the total sample is
63 out of all contractors. This represents the actual sample size for this

survey study. Questionnaires were distributed to onc typc of organization

containing 63 respondents.:

3.7.2 Sample Size Selection

The mcthod of selection of these companics in the sample from dif-
ferent regions in Saudi Arabia was done by applying the generation of ran-
dom digit procedure which is performed by numbering the whole popula-
tion of the 1000 companics and cach individual randomly. These selected
construction companies arc listed in Appendix C. The sample of construc-
tion firms in this study comprise 63, as calculated in the sample size deter-
mination scction, out of the 1,000 construction firms in Saudi Arabia as
published in both Al-Egtisad Magazine which is published by the Cham-

ber of Commerce and Industry, Eastern Province, Dammam, Saudi
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Arabia, and in the Dircctory of Construction Contractors in Saudi Ara-

bia.( 56)
3.8 Statistical Data Analysis and Measures

One of the important statistics is used to make infcrences about
larger groups on the basis of information obtained from smaller groups or
samplcs. The analyzer or rescarcher can make statcments and generaliza-
tions about the population on the basis of information gathered with any
accuracy depending on the representative naturc of the sample utilized.
The analytical procedure is employed to represent the various different
vicws aﬁd nature of using the SET. It also gives top management's vicws
on the iucncﬁts' and problems associated with implementation of these
mcthods. Indcc!d, the most important parts included in the questionnaire
are (Part B) SET IMPLEMENTATION and (Part C) SET
EVALUATION. The information gathered from the questionnaire was
analyzed statistically. The data was tabulated and summarized in a com-
pact format in order to be studicd and analyzed by descriptive statistical
analysis. Also, statistical analysis through applying the cross tabulation
procedure for calculating the percentage associated with the findings.
Other statistical techniques were incurred and utilized in this study includ-
ing ranking, scoring and correlation. Thesc statistics arc used for calculat-
ing and presenting the survey results. Analyscs were conducted using the
SAS Program. The analysis of the data finally represented by tables, dia-

grams, monographs and othcr figurcs.
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3.8.1 Scores for Ranking of Factor Categories

The questionnaire contains three scctions. For the first scction, Part
A “Firm’s s Information” secks general information rclated to the respon-
dent and his company. For this rcason, no such scorings or rankings were
calculated. For Part B, “SET Implementation”, which investigates the level
of utilization, each question consists of factor or rcason related to the sub-
ject and has some categorics were listed under cach one of them, namely,
aspect of utilization of the SET by the firms and level of utilization the
implementation obtaining through SET implementation by the firms. The
analytical procedure employed aims to establish the Relative Importance
Index. The Importance Index is figurcd through a combination iof two:
questions, onc of them rclated to the factor or rcasons and the other;
related to the degree of importance (lop management view) for cach
grouped category under each factor. For cach SET cited, respondents
were asked, "How important do they view the t.cchnique used in their
firm”. This question contains three opportunitics which include, “very
important” to the current success of their firm, “modcratecly important” to
the current success and “relative unimportant” The categorics were “very
important” (3 credits), “Moderately important” (2 credits) and relative
unimportant (1 credit). The answering of these items consisted of figures
and means that could be established for the total answer of cach question

by using this formula :

X =[Y X]/n (3.2)
i=1
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Where:

X = The average
X, = The value given by responsc (i)

n = Number of grouped responses

Scores obtained were reversed for analysis of the survey results. In
other words, this calculation proccdure of the importance index represents
a transferring process from qualitative (nonnumerical valucs) into quanti-
tative (numerical values) by grouping thc non-numecrical to numerical
scores and a higher score meant a higher degree of importance index or the

relative success index.

The main part in the questionnaire is Part C “SET Evaluation”.
The level of importance for cach catcgory under cach factor is ranked
depending on their frequencics. In this part, a combination of the top
management vicws with the critcria for measuring the successful utilization
of the technique used, the rcasons for success in realizing the various ben-
efits and reasons for failurc in using the SET. The same results were com-
puted in the same manncr as the previous questions. It shows the frc-
quentcy of cach category under each factor by the three classifications of
respondents, large firms, medium firms and small firms. The relative
important index was obtained by multiplying thc individual degrees of
importance by the scorcs assigned o cach dcgree by cach respondent for
cach category under cach factor for the three groups. Each category has

an importance index as follows:
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Relative Importance Index (IM IND) =
la*X1* 100/3 3.3)
Where:

a; = Constant expressing the scores assigned to each level of impor-
tance

X, = The variables cxpressing the weights or the frequency of factor
categorices

X, = The frequency of “Very Important” response(s)

X, = The frequency of “Modest Important” response(s)

x3

= The frequency of “Relatively Unimportant” response(s)

Some of the respondents added other comments for question 4 (Part

- C) (top management vicws) which cxamines the level of importance.

Some of the comments werc:

(1) If the firm handlcs a small job, it is relatively unimportant.
(2)  If the firm handlcs a large job, it is important.

On the other hand, as indicated in the questionnairc , there arc
three opportunities for methods used by the respondents that need to be
considered as contributing to the successful contribution of cach catcgory
listed under each factor. The firms were asked how successful their com-

pany has becn in realizing the various advantages attributed to the use of
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cach SET. The three options listed were very successful, modcstly success-
ful and unsuccessful. Scores obtained were reversed for analyses. Very
successful corresponded to 3 credits, modestly successful corresponded to 2
credits, and unsuccessful to 1 credit. A higher score means a higher degree
of success, and a lower score means a lower degrce of success. The same
procedure employed for calculating the relative importance index will be
employed for the calculation of the rclative success index. This analysis
uscs the same factors analyzed previously consisting of the aspect of utili-
zation, level of implementation, criteria of successful users of the SET, rea-

sons of success and reasons of failure among all the tcchniques used by the

respondents.
i

Scores for ranking made this study very important and it may be
possible to cross-compare the relative importance index and the relative
success index of the different variables as seen in the different groups
(large, medium and small firms). The relative success index was obtained
by multiplying individual frequency for cach group’s methods by the scores
assigned to cach Icvel of success of factor categorics. The following for-

mula is uscd for the calculation of this index.
Relative Success Index (SUC IND) =

la*X;1* 100/3 (3.9)
Where:

a; = Constant expressing the scores assigned to each level of success
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X; = The variables cxpressing the weights or the frequency of factor
categories

X, = The frequency of “Very Successful” responsc(s)

X, = The frequency of “Modestly Successful” response(s)

XZ

= The frequency of “Unsuccessful” responsc(s)

The other reasons listed in the questions which is rclated to the ‘un-
successful” include required extra cost, too complex to deal with any onc of
the methods, nced for specialists and difficulty of diviﬂing the job into
phascs. Some of the respondents added other reasons such as : 1) lower
levels of personnel arc not well tréincd for using the tcchnique in their
firms, 2) opcrations pcople arc not familiar with the critical aspects of

using the SET in thcir firms.
3.8.2. Statistical Techniques: Reliability and Validity

Statistical techniques are used in this thesis to aid in the interpreta-
tion of the existing information. Table 3.1 prescnts the results of statistical
techniques for all of the questions about the SET. The statistics includc
the weighted mean, standard deviation, standard crror of the mcan, the
confidence interval and the cocfficient of variation. The two most impor-
tant mecasurcs for this analysis are the confidence interval and the coeffi-
cicnt of variation. The confidence interval consists of the sample valuc of
a point cstimate with a calculated range on cither side. Samples arc not
representing the perfect reflections of the total population from which they

are drawn. We are not guarantecd how closc the sample’s values to popu-




Table 3.

1

Statistical Techniques used in the analysis of data.

Variable Mean

Standard

Std. error 95% Confi-

Variance Coefficient

O # Ind. Peviation of Mean dence inter- of Variance
val (C.v.)
NAL 1.80 1.03 0.12 1.80 + 0.25 1.06 57.11
).V 5.48 2.47 0.32 5.40 + 0.63 6.09 45.06
OA3 1.46 0.74 0.10 1.46 ¥ 0.19 0.55 50.94
[o).¥] 4.98 1.95 0.25 4.92 + 0.49 3.78 39.03
OAS 4.30 1.76 0.23 4.30 ¥ 0.45 3.11 41.07
OALF 8.93 2.77 0.36 8.93 ¥ 0.71 7.70 31.05
NA2S 3.93 2.25 0.29 3.93 ¥ 0.57 5.06 57.19
OA3N 7.39 2.85 0.36 7.39 ¥+ 0.71 8.11 38.52
OASCPM 2.52 1.30 0.18 2.52 ¥ 0.35 1.68 51.48
OASPMND 2.46 1.27 0.35 2/46 + 0.69 1.60 51.43
OASPERT 2.74 1.24 0.28 2.74 ¥ 0.55 1.54 45.31
CASGRC 1.55 0.95 0.13 1.55 + 0.25 0.91 61.53
OAG6CPM 5.42 3.33 0.48 5.42 ¥ 0.94 11.06 61.39
OAG6PND 5.08 3.23 0.89 5.08 +1.74 10.41 63.55
CA6PERT 3.73 3.08 0.80 3.73 ¥ 1.57 9.50 82.54
OR6GRC 5.40 3.23 0.45 5.40 + 0.88 10.40 59.68
OA7CPM 5.51 3.01 0.44 5.51 ¥ 0.86 2.08 54.69
OA7PMD 4.46 3.07 0.85 4.46 + 1.67 9.44 68.85
OA7PFRT 2.65 2.23 0.54 2.65 ¥ 1.10 4,99 84.41
MA7GEC 5.53 2,60 0.36 5,53 + 0,70 6.75 47.01
OP1CPM 15.10° 8.53 1.23 15.10 ¥ 2.44 72.69 56.45
OR1PND 15.17 5.75 1.66 15.17 + 3.25 33.06 37.91
ORLPFPT  15.44) 8.23 1.94 15.44 ¥ 3.80 67.79 53.31
OBRLGRC 14.25 8.25 1.13 14.25 ¥ 2.21 68.07. 57.92
OR2CPM 3.70 1.64 0.26 3.70 + 0.51 2.68 44.22
OR2PND 4,18 1.40 0.42 4.18 ¥ 0.82 1.96 33.51
OR2PFPT 3.77 1.96 0.54 3.77 ¥ 1.10 3.86 52.12
OR2GRC 4.27 1.63 0.25 4.27 ¥ 0.49 2.67 38.23
OR3(PM 3.52 2.59 0.38 3.52 ¥ 0.74 6.70 73.50
OR3PND 4,25 2.67 0.77 4.25 ¥ 1.51 7.11 62.76
OR3PFPT 4,38 2.63 0.66 4,38 F 1.29 6.92 60.11
OR3GRC 3.43 2.55 0.43 3.43 ¥ 0.84 6.49 74.29
OBR4CPM 1.33 0.56 0.08 1.33 ¥ 0.16 0.31 41.90
OR4PND 1.33 0.49 0.14 1.33 ¥ 0.27 0.24 36.93
OBAPERT 1.47 0.51 0.12 1.47 ¥ 0.24 0.26 34.99
OBR4GBC 1.30 0.51 0.07 1.30 ¥ 0.14 0.26 38.85
OBSCPM 1.60 0.57 0.08 1.60 + 0.16 0.33 35.71
ORSPYD 1.45 0.52 0.16 1.45 ¥ 0.31 0.27 35.90
OBSPEPT 1.47 0.51 0.12 1.47 ¥ 0.24 0.26 34.99
OBSGBC 1.37 0.49 0.07 1.37 ¥+ 0.14 0.24 35.58
OR6CPM 4.36 2.64 0.39 4.35 ¥ 0.76 6.98 60.55
OR6PND 5.00 2.68 0.81 5.00 ¥ 1.59 7.20 53.67
OR6PFRT 3.8 2.86 0.71 3.81 ¥ 1.39 8.16 74.94
ORAGRC 4.51 2.71 0.38 4.51 ¥ 0.74 7.33 60.05
NR7CPM 4.80 3.04 0.43 4,80 ¥ 0.84 9.25 63.41
MR7PMD 6.33 2.19 0.63 6.33 ¥ 1.23 4.79 34.55
OR7PFRT 4.53 3.06 0.74 4.53 ¥ 1.45 9.39 67.65
OR7GRC 4.60 2.86 0.40 4.60 ¥ 6.78 8.16 62.11
ORKRCPM 4.16 2.85 0.44 4.16 * 0.86 8.14 68.54
CPSPMD 5.80 2.30 0.73 5.80 + 1,43 5.29 39.65
ORPPFRT 4,25 2.57 0.64 4.25 ¥ 1.25 6.60 60.45
ORAGRC 4.44 2.73 0.43 4.44 ¥ 0.84 7.45 61.50

95
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lation’s value. This confidence interval size depends on the degree of confi-
dence desired in the sample results. The confidence cocfficient used here is
95% unless otherwise mentioned. 95% of a large number of the probabil-

ity sample will be as follows :

Upper Confidence Limit = X + 1.96 S, (X) or

95% Confidence Interval = X + 1.96 S, (X) (3.5

Where:

X = The weighted mean
X

= Standard deviation.

X

For this study, thc upper and lower confidence Ievels at 95% arc

calculated as :
(UL) Upper Limit = 1.8 + 1.96 (0.13) = 2.055
(LL) Lower Limit = 1.8 - 1.96 (0.13) = 1.545

Secondly, the cocfficicnt of variation mcasurcs the precision of the
cstimator. It rcpresents the variability with respect to the mean. The

cquation for calculating this variation is as follows :
C.V. = (S/X) * 100% (3.6)

Where:
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X = Weightcd mean
XX

= Standard dcviation

The coefficient of variance values of this study are shown in Tablc
3.1. The variance presented considering the responscs, is somewhat large.
The rcason for this variation is that responses to the SET might differ
from one placc to another due to the size and work activity of the firm
involved. Another reason is that the respondents answering the questions
usually consider all their expericnces in the construction industry, so that
the variation comes dircctly from their different knowledge and back-
grounds as rclated to the methods uscd. Every level of rcspondénts (large,
medium and small) has their own background and cxpericnce, éo that dif-
ferences in attitudes lead to high valucs of cocfficicnt variation. There is
the probability of respondents who misunderstand, misinterpret and/or any
unfamiliar with some questions. This could lcad to high cocfficient vari-
ance duc to the fluctuation of expericnce background and technology uscd

in construction industry.
3.8.3 Correlation

The correlation cocfficient (r) is used to figure out the rclationship
cxisting among different catcgorics or parties (small, medium and large)
and the dcgree of this relationship. Spcarman Corrclation Cocfficient is a
statistical method which describes the goodness of fit between two vari-
ables. The Spearman rank correlation cocfficient is uscd in this thesis to

provide a numerical index of the relation between two ranks for cach casc



98

or two scores for cach case from which ranks can be determined. The
Spearman “rho” ranges in value from -1 to +1. The valuc R = -1.0 indi-
cates a unlincar relationship between two variables and the value R =
+ 1.0 indicates a perfect lincar relationship. The clear the value of R to
zero, the weaker the relationship between the two variables being tested.

The statistical formulas used to determine the three types of corrclations

will be considered in turn.
The formula for calculating the Spearman rank correlation is ¢

6 (Zd,,)
N(N -1)

)

My = 1—

(3.7)

W.h cre: ;

Na = Spcarman  rank corrclation  cocfficient (thc agrcement
between large and medium firms)

d,\ = Difference between ranks on onc variable and ranks on the
other variable.

N = Number of cases.

By substituting into the formula from data on Table 4.26, the result

is given below :

6 *427

- 7 = (L.R6
27 (27 1)

*
e = 1— —22376 g

27 277 - 1)
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%
rMS=1__6__123’_ = 0.96

27 (27 - 1)
Where:

Iy = The agrecment between large Firms group (L) and medium
firms group (M)

r,s = The agreement between large Firms group (L) and small firms
group (S)

rys = The agreement between medium Firms group (M) and small
firms group (S)

A partial correlation is frequently used to find out and compare
how well any two groups agree upon their ranking while holding the third
party constant. It mcasures the rclationship between two variables which
are usually influenced by a third party. The formula for calculating the

partial correlation is given beclow :

_ Tiw (s *ryd  _ 0.86 ~ (0.88*0.96
Tims™ = = (.12
V- (1-r%)  J(1-0.88) (1 -0.969
_ Tis ~(Mm*rfyd  _ 0.88 — (0.86*0.96  _ 0.39
Mism ™= = = (.
Va-, (-3 J(1-0.86)) (1 -0.96)
_ s — (¥ 096 ~ (0.86*0.88 0.83
Tmsa, = = = (.8
V-, (-r2)  J({1-0.386) (1-0.388)
Where:

N'ms = The agrecement between the large firm group and the




medium firm group with the small firm group’s rank held

constant.
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fism = The agreement between the large firm group and the small
firm group with the medium firm group’s rank held con-

stant.

Nys = The agreecment between the medium firm group and the
small firm group wherc the large firm group’s rank held

constant.

A multiple correlation is the simplest form of cocfficient which indi-

cates the relationship between one variable and a combination of two other

variables (Lord, 1955). 1t describes the cxtent of association between the

groups when cons‘idcring one main group with the others. The following

formulas arc uscd in computing this corrclation.
, i

Let R = r\, *r,s*rys = 0.86 * 0.88 * 0.96 = 0.7265

_ Yyt = 2R _ J(0.86) + (0.88)° — 2(0.7265)

Ty.ms

1-Vi . I — 0.967
Nyt — 2R J/(0.86) + (0.96) — 2(0.7265)
M.LS

1= Vi | — 0.86°
C Vgt — 2R J(088) + (0.96) — 2(0.7265)
S.IM

1-Vi, [ - 0.86°
Where:

= (.89

= 0.96

= 0.97

I.ms = The agrecment between the large firm group and the other

groups.
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ry.ws = The agreement between the medium firm group and the
other groups.

reum = The agrcement between the small firm group and the other
groups.

3.8.4 Correlation Matrix

A conventional display of a sct of corrclation cocfficicnts in a com-
pact format could be formed by a corrclétion matrix. By using the SAS
computer package at King Fahd University of Petrolcum and Mincrals to
treat cach questionnairc item as a variabl¢, a corrclation matrix table was
produced on all pairs of variables related to cach factor. The information
gathered from cach entry shows Pcarson’s corrclation cocfficient (r), the
probability of vdcpcndcncy and the numbecr of obscrvations reclated to the
two variables analyzed. All the values of possible rclations or the agree-

ment between pairs of questions arc calculated and illustrated in Appendix

B.
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CHAPTER 4
SET IMPLEMENTATION AND

UTILIZATION IN SAUDI ARABIA

This chapter presents and explains how the survey data was ana-
lyzed. 1t also discusses the results obtained from the data for each factor

category related to cach technique included in the SET.
4.1 Characteristics of Respondents’ Firms

- A total of 61 construction contractors participated in this study.
These firms are located in three regions of Saudi Arabia, namely, the East-
ern, Central, and Western Provinccs‘. They represent a response rate of
96.80% from the total number of firms comprised in the survey. A listing
of construction contractors’ names and locations are illustrated in Appen-
dix C. The number of participating firms in each region is shown in Table
4.1. The observations of the variables of interest involved in the question-
naire set which are related to firm information represents a collection of
data consists of one or more characteristics of participant contractors. The
contractors are classificd into large, medium and small size categories on
the basis of the annual volume of construction . The catcgorization is
based on the classification of construction firms suggested by the Chamber
of Commerce and Industry in Saudi Arabia. These classifications are pub-
lished in both Al-Egtisad Magazine and in the Directory of Construction
Contractors in Saudi Arabia.( 56)
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Table 4.1 : Number of Questionnaires distributed and collected at vari-
ous locations
Location Number Number of {% of Total % of Total
Distri- Respon- No.Distri- Final
buted dents buted Number
Eastern 42 41 66 65
Central 13 13 21 21
Western 8 7 13 11
Total 63 61 100 97

Note: Total percentage response

61

= — * 100 = 96.8%
53 00 9 ()

Firms with an annual business volume of 5-24 million riyals are

classified as small, those sizing of 25-55 million riyals are classified as

medium, while those larger than 55 million riyals are classified as large.

There are six small, twenty-two medium and thirty-three large firms

according to this classification scheme.

Table 4.2 breaks out the variables by which the participants con-

tractors are characterized. These variables are: 1) the type of work activ-

ity, 2) the average amount of work subcontracted on each job, 3) average

job size of each project, 4) average job duration of each project, 5) the
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Table 4,2 :
SMALL FIRMS | MEDIUM FIRMS| LARGE FIRMg
(0~ (15 ,000,000-| (56 ,000,000- TOTAL RANK
VARIABLES 14 ,000,000) | 55 ,000,000)| PLUS) ORDER
(n/%) (n=6/%) (n=22/%) (n=33/%) (n/%)

4.2.A.
Work Activity

Building of

Contr. 6/9.8 7/11.5 9/14.8 22/36.1 1
Heavy 0/0.0 2/3.3 9/14.8 11/18.0 3
Building, Heavy

and Structure 0/0.0 1/1.6 2/3.3 3/4.9 6
Building plus

structure 0/0.0 9/14.8 5/8.2, :14/23.0 2
Structure 0/0.0 2/3.3 3/4.9 . 5/8.2 S
Building plus l

Heavy 0/0.0 1/1.6 5/8.2 6/9.8 4

TOTAL 6/9.84 22/36.1 33/54.1

4 . 2 . B .

Average Work

Subcontracted

(in % of one job)

19% or less 6/9.8 17/27.9 17/27.9 40/65.6 1
20%-49Y 0/0.0 3/4.9 13/21.3 16/26.2 2
50-99% 0/0.0 0/0.0 3/4.9 3/4.9 3
100% 0/0.0 2/3.3 0/0.0 2/3.3 4

TOTAL 6/9.8 22/36.1 33/54.1

(Contd.,)
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SMALL FIRMS MEDIUM FIRM{ LARGE FIRMg
MRASLES |1 Tooo,000) | 53 loneroom| Couuort 000 | TOTA | Rae
(n/%) (n=6/%) (n=22/%) (n=33/%) (n/%)
4.2.C,
Average Job Size
(Million SR)
0.5 or less 2/3.3 1/1.6 0/0.0 3/4.9 5
1 -2 0/0.0 1/1.6 0/0.0 1/1.6 6
2 -4 1/1.6 1/1.6 2/3.3 4/6.6 4
5-20 2/3.3 13/21.3 9/14.8 24/39.3 1
20 - 35 1/1.6 4/6.6 4/6.6 9/14.8 2
35 - 50 0/0.0 1/1.6 4/6.6 . 5/8.2 3
65 - 130 0/0.0 1,i.6 8/13.1 9/14.8 2
130 - 195 0/0.0 0/0.0 1/1.6 1/1.6 6
Over 195 0/0.0 0/0.0 5/8.2 5/8.2 3
TOTAL: 6/9.8 22/36.1 33/54.1
4.2.D,
Average Job Dura-
tion (In Years of
one Job)
0.5 or less 2/3.3 3/4.9 0/0.0 5/8.2 4
0.5 -1 0/0.0 1/1.6 0/0.0 1/1.6 6
1 - 1.5 1/1.6 7/11.5 8/13.1 16/26.2 1
1.5 - 2.0 1/1.6 4/6.6 6/9.8 11/18.0 2
2.0 ~ 2.5 2/3.3 5/8.2 9/14.8 16/26.2 1
2.5 - 3.0 0/0.0 1/1.6 3/4.9 4/6.6 5
3.0 - 3.5 0/0.0 1/1.6 5/8.2 6/9.8 3
3.5 - 4.0 0/0.0 0/0.0 1/1.6 1/1.6 6
4.5 - 5.0 0/0.0 0/0.0 1/1.6 1/1.6 6
TOTAL: 6/9.8 22/36.1 33/54.1

(Contd,)
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Table 4.2 : Firms Characteristics (Contd.)
SMALL FIRMS | MEDIUM FIRMS| LARGE FIRMS
(0 - (15 ,000,000-| (56 .,000,000- TOTAL RANK
VARIfPLES 14 ,000,000) 55 ,000,000) PLUS) ORDER
(n/%) (n=6/%) (n=22/%) (n=33/%) (n/2)
4,2.E,
(a)

Type of Principal
and Activity
- 1 Type 6/100 11/50 21/64 38/62.21 1
<.2 Type - 10/45 10 /30 20/32.8| 2
- 3 Type - 1/5 2 /6 3/5 3
4,2.F.
Nationality of ;
the Company's
Onwership
- Saudi 6 /100 19/86 19 /58 44/72 1
- Non-Saudi - 1/5 6/18 7/11.5 3
- 507 Saudi &

50% Non-Saudi - 2/9 8 /24 10/16.5 2
4.3,1.
Location of Main
Offices:
Eastern Region 5/83 21/84 16 /34 42/53.8 1
Central Region - 1/4 12 /25.5 13/16.7 3
Western Region 1/17 - 5/10.6 6/7.7 4
Foreign Country(b) - 3/12 14 /29.9 17/21.8 | 2
4.2.7.
Number of Branche
Existing (c)

0-1 6/100 7/31 13/39.5 26/42.6 1

2 - 3 - 14/64 12/36.5 26/42.6 | 1

4 - 5 - 1/5 4/12 5/8.21 2
More than 5 - - 4/12 4/6.6 5

(Contd.)
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Table 4.2 : Firms Characteristics (Contd.)
SMALL FIRMs | MEDIUM FIRMs| LARGE FIRMg
(0 - (15 ,000,000-] (56 » 000, 000~ TOTAL RANK
VARIABLES 14 ,000,000) | 55 ,000,000,| PL.S) ORDER
(n/%) (n=6/2) (n=22/%) (n=33/%) (n/%)
4,2.K.
Region of
Operation by
Firm
Central - 1/ 5 6/18.2 7/11.9 3
Eastern 1/16.7 10745 - 11 /18 2
Western - - - -
Central+Eastern 2/33.3 - - 2/3.3 5
EastermtWestern 1/16.7 - 4/12 5/8.2 4
Kingdom of Saudi
Arabia-wide 2/33.3 11/50 16/48.5 29/47.5
Middle Easc-widT - - 2/6.1 2/3.3
World- wide - - 5/15.2 '5/8.2
4.2.L.
Key Personnel ¢
Respondents
General Manager Y50 6/27 7/21.2 16/26.2] 2
Project Manager 1/16.7 4/18 12/36.4 17/27.9 1
Construction
Manager 1/16.7 2/9 1/3.05 4/6.6 5
Operation Manageq - 3/14 1/3.05 4/6.6 5
Engineers (d) . - 4/18 4/12.1 8/13.11 4
Others (e) 1/16.6 3/14 8/24.2 12/19.6| 3

(Contd.)
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SMALL FIRMS | MEDIUM FIRMS LARGE FIRMS
(0 - (15 ,000,000- (56 , 000, 000- TOTAL | RANK
VARIABLES 14 ,000,000) |55 » 000, 000) PLUS) ORDER
(n/%) (n=6%) (n=22/%) (n=33/%) (n/%)
4.2.M.
Total Number
of Employees
(n/%)
0 - 200 2/3.3 8/13.1 4/6.6 14/23.0 2
200 - 1200 4/6.6 13/21.3 15/24.6 32/52.5 1
1200 - 2200 0/0.0 1/1.6 7/11.5 8/13.1 3
2200 - 2700 0/0.0 0/0.0 3/4.9 3/4.9 4
3200 - 3700 0/0.0 0/0.0 1/1.6 1/1.6 6
5200 - 5700 0/0.0 0/0.0 1/1.6 1/1.6 6
6200 ~ 6700 0/0.0 0/0.0 2/3.3 2/3.3 5
TOTAL: 6/9.8 22/36.1 33/54.1

(a) Choices given: Building = (Educational, Commercial, etc.);

Heavy Construction = (Highway, bridges, dams,

Structure = (Construction plants,
tion, etc.)

(b)  Generally,
have two of

(¢) The company does not have br

which is their main office.

(d) Choices given by respondents:

Estimating, etc.

(e) Choices given by Respondents:
Administrators,

Administration Manager,
Sales Manager, Chief Communication,

harbours, roads, etc.);
foundation, engineering construc-

all of the (non-Saudi and 50% Saudi and 507% non-Saudis)
fices - one in Saudi Arabia and the other in their country.

anches regarded as owned one branch

Engineer = Civil, Senior, Chief,

Technical Managers, Contract
Quality Controller,
Business, etc.
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firm’s nationality, 6) the locations of main offices, 7) the number of
branches owned by each firm, 8) the region of operation, and 9) title or

position of the respondents.

Table 4.2-A shows the distribution of types of firms. About 36% of
the companies are in building-type construction , about 23% are in build-
ing plus structure-type construction , about 18% are in heavy-type con-
struction , about 9% are in building plus heavy-type construction and
about 8% are in structure-type construction . The rest of the firms are

combinations of these three principal activity types.

The distributfon of the average amount of work subcontracted on
1 :
the average job is expressed in percentage as shown in Table 4.2-B. About
f ' .
90% of the respondents subcontract 19%-49% of the average job and the

rest of the firms subcontract 50% to 100% of one job.

Table 4.2-C breaks out the average job size of cach project as
expressed in millions of Saudi riyals. About half of the contractors have
capabilities for construction projects with average contract size ranges

between 5 and 35 million riyals.

The distribution of average job duration in years of each project,
found that about 87% of the respondents deal with projects that last for
an average duration between one and three and a half years. The remain-
ing responding firms construct projects with durations either below or

above that range as shown in Table 4.2-D.

Table 4.2-E contains the distribution of type of principal activity of
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firms on the basis of one type, two types and three types of activities.
About 62% are in single type - construction, about 33% are in double type
- construction , and about 5% are in the combination of three activity

types of construction .

Table 4.2-F shows the distribution of nationality of the company’s
ownership. This indicates that 72.10% of respondent firms are Saudi and
the remaining firms are non-Saudi or 5% Saudi and non-Saudi in the form

of joint venture.

Tab!e 4.2-1 breaks out the distribution of the locations of main
offices of the participants. About 54% of the companics have their main
offices located in the Eastern region, about 17% have offices located in the
Central region, and about 8% have offices located in the Western region.
The rest of the firms about 21% have their main offices located in the for-
eign countries. Usually, non-Saudi or 50% Saudi and non-Saudi firms

have two main offices, one in Saudi Arabia and the other in their country.

Table 4.2-] contains the distribution of the total number of
branches existing owned by respondents. About 85.25% of the respon-
dents owned total number of branches ranging between one and three

branch offices.

The distribution of regions of operation by firms as classified by
region, Saudi Arabia, Middle East and world. It was found that about
41% of the contractors have their operations located in region, about 48%

of the firms have operations in the Kingdom of Saudi Arabia, about 3%
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have opcrations in the Middle East and the remaining responding firms

have operations all over the world as shown in Table 4.2-K.

Table 4.2-M shows the distribution of the total number of employ-
ces in each organization. The majority of respondents frequently have the
total number of employees ranged from '200 to 1200 employees in their
firms. The remaining responding firms are distributed unevenly either

below or above that range.
4.2 SET Application

The cross tabulation method is used herein to study the various
aspects of SET applications in Saudi Arabia. The methods involved in the
SET which are being used by contractors in the planning and scheduling of
project processes are crossed by the three size categories in order to find
the most frequently used technique within each class. This section dis-
cusses the assigned subjects related to SET applibation in Saudi Arabia
such as the contractor’s familiarity with SET, SET utilization, SET func-
tion and major concern claimed by respondents. These will be considered

in turn.
4.2.1 Contractor’s Familiarity with SET

The results indicate that all Saudi contractors are familiar with
CPM and GBC Techniques. Only one third of the contractors, mainly
large sized firms are familiar with CPM, PERT, PND and GBC tech-
niques as one subsct. It seems that the contractors are well known with

the mcthods tested. The PND technique is known by one third of the
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contractors involved. The PERT technique is known by 64%, 45%, and
17% of large, medium, and small contractors, respectively. The GERT
technique is the least known method among Saudi contractors. Only 23%
of the contractors, mostly large sized firms, are familiar with GERT. The
combination of SET techniques known by different sized contractors are
shown in Table 4.3. In addition, the results indicate that about 16% of
the firms have full knowledge about “CPM, PERT, PND and GBC” as
one subset. About 11% of the firms know “CPM, PERT and GBC” as
one combination. The rest of the methods known by respondents fall
within a range of 4.92% to 1.64% of contractors. About 50% of those

who know CPM is a medium contractors and the remaining 50% of them
‘ .
are in the small class.

There are several interesting observations such as all contractors who
know “CPM plus PERT” or this combinations plus GBC togcther are large
contractors, 45% of those who know “CPM and GBC”, are in the large
class, 57% of the contractors who know “CPM plus PERT and GBC” as
one subset are medium contractors, 70% of them who know all the five
methods together which represent the whole SET are in the large class,
70% of firms who know “CPM, PND, PERT, and GBC” as one combina-
tion are in the large class and all contractors who only know "CPM plus
PERT” and "CPM plus GERT and GBC” as two combinations systems
are large contractors. CPM and PND as onc combination is being known
only by medium sized firms. Half of the contractors who know “CPM plus
PND and GBC” as one subset are medium sized firms and the other

remaining half are in the small class. One single method and three
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combinations of these techniques were known by small contractors as illus-

trated in Table 4.3.

The main sources of familiarity with these techniques are the educa-
tional institutes, experience from the construction industry and/or the
research agencies. Additional sources mentioned by the contractors are: [)
seminar presentations, 2) industry associations, 3) software houses, 4) read-
ing journals, magazines and books, etc., 5) other trade publications, and 6)

U.S. Corps of Engineers’ Training Center for professional development.

4.2.2 SET Utilization

The most popular techniques used by different sized contractors for
planning and scheduling are the CPM and GBC. The former is used by
84% of the contractors and the latter is utilized by 92% of the contractors.
The GERT technique is not used by all firms in the three sized classes.
However, it is very rare to find a contractor who is using only one single
technique for planning and scheduling projects. Contractors tend to use a
combination of two or more techniques. The most widely used combina-
tion is the CPM and GBC, which is regarded as a unified system. It
appears that contractors attempt to make use of the benefit of such a Sys-
tem at different organizational levels. The CPM may be used in high and
middle management levels while the GBC technique is used in the lower

level of personncl because of its ease and simplicity.

PERT and PND techniques are not widely utilized by small con-

tractors. Some large and medium contractors use PERT and PND tech-
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niques in planning and scheduling processes of some projects. However,
these contractors usually use the PERT more than PND for planning their
projects. The distribution of the utilization of the SET techniques in Saudi

construction firms are shown in Table 4.4.

It seems that very few contractors, those mostly being large, use all
SET techniques in their organizations. In addition, the results indicate
that about 43% of the contractors frequently use the CPM plus GBS as
one éubset. This represents the highest use rate. The second highest use
rate corresponds to the contractors (13.11%) who used CPM plus PERT
and GBC techniques as one subset system. The lowest use rate is the
firms (1.64%) who used CPM and BND together as one combination.
About 67% of the contractors who use CPM only are medium contractors.
Large firms are not restricted only to use the CPM technique. The large
contractors usually use other differcnt subscts of the SET techniques.
CPM is the most dominant element in all subsets. A subset may either
involve “CPM and GBC”, "CPM and PERT”, or “CPM, PND, and GBC".
There are other subsets as shown in Table 4.4. The most frequent subset
that is commonly used by medium contractors are “CPM and GBC”, and

“CPM, PERT and GBC".

About 50% of contractors who use GBC alone are medium firms
and 33% who use the same technique are large contractors. The rest of
them are in the small category. The use rate of contractors who use CPM
plus GBC are large sized firms (61%), medium sized firms (27%) and 12%

of them are in the small class.
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There are various observations such as, 66.67% of the contractors
who use all of the four methods together are large contractors, 75% of
users who use “CPM plus PERT and GBC” are medium firms, and half of
contractors who use “PND and GBC” are in the medium class. The
remaining half who use the same subsct are small contractors. None of the
large sized firms use both “PND and GBC” or “CPM and PND” as two
subsets. Small sized firms do not use the PERT technique and most of
them do not know what the PERT and GERT techniques mean. These

are very interesting findings due to the scope and nature of SET utilization

in Saudi construction organizations.

The’ SET téchniqucs are crossed with principal work activity, the
value of the averaé;e job size, the value of the average job duration, and the
SET frequency of implementation, are shown in Tables 4.5, 4.6, 4.7 and
4.8, respectively. The results indicate that CPM and GBC techniques are
the most common technique that are used in planning and scheduling
projects in Saudi Arabia, regardless of the type of work activity, the
project size, and the project duration. It seems that contactors treat those
two techniques as one system. However, the CPM technique is used solely
by very few building contractors only. The subset combining of CPM and

PND techniques is used by building contractors only.

The GBC technique alone is used by building, building plus struc-
ture, and heavy contractors. PERT plus GBC are uscd by both building
and heavy contractors. Heavy contractors arc the most frequent users of

the PERT technique. This intensive implementation could be attributed to
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the nature of work involved in heavy construction . Such jobs usually

embody high uncertainty which can be analyzed by the PERT technique.

The SET techniques are crossed with all utilization criteria which
include: 1) on all projects, 2) 50% or more of all projects, 3) 50% or less of
all projects, and 4) when required by contract. The results indicated that
about 44% of the respondents used the SET on all projects they handled,
while 21.48% of them use SET at 50% or more of the contracts. 7.4% of
them use SET on 50% of their contracts or fewer, and 26.67% of them
implement these SET only when required by the contract agreement. The

other results are illustrated in Table 4.8.

The results also in,dicate that about 65% of the contractors claim
that they obtain definite cost sz;vings contributing of 4% to 14% of the
contract by implementing these fechniques. The popularity of CPM and
GBC combination is not surprising. The users claim that such a combina-
tion contributes 13% in the average to cost savings on projects. Other per-

centages of cost savings for other techniques are illustrated in Table 4.9.

About 36% of the contractors (22 firms) do not usc any computer
system(s) in their firms to assess for formalizing project planning and
scheduling. About 15% (9 firms) of large firms, 16.39% (10 firms) of
medium firms, and 4.9% (3 firms) of small firms do not use any computer

system(s).

In addition, more than half of the contractors who use computer

system(s) in their firms to assess for the planning and scheduling are using



121

anDTUYII[ ASTASY pu¥ uoyieniBAg weis01d = 134
JiIey) aeqg jjueny = 9gn
SBujuweaBeyq yiomiap dUIPaIB1IY = (Ng
POYIAN YIBg [BITITID = KID
9°1/1 9°1/1 8°6/9 9°9/%| Z°9z/91] o0°81/11 2°9zZ/91 9°1/1 2°8/¢ vioL
8°6/9 0°0/0 0°0/0 9°1/1 0°0/0 6°7/¢C 0°0/0 £ e/ 0'0/0 0°0/0 JA08V JHL 10 1TV
9°9/y 0°0/0 0°0/0 0°0/0 9°1/1 9°1/1 0°0/0 € t/2 0°0/0 0°0/0 D89/ANd/HdD
1°cv/e 0°0/0 0°0/0 9°1/1 9°1/1 9°1/1 £°€/2 9°1/1 0°0/0 €°€/2 299/143d/HdD
9°1/1 0°0/0 0°0/0 0°0/0 0°o/0 0°0/0 0°o/o0 9°1/1 0°0/0 0°0/0 aNd/KdD
6°9/¢ 06°0/0 0°0/0 9°1/1 0°o0/0 9°1/1 9°1/1 0°0/0 0°0/0 0°o/o0 1¥34/H40
£°t/e 0°0/0 0°o0/0 0°0/0 0°0/0 0°0/0 9°1/1 0°o/0 0°0/0 9°1/1 J289/aNd
£e/e 0°0/0 0°0/0 9°1/1 0°0/0 0°0/0 9°1/1 0°0/0 0°0/0 0°0/0 089/1¥34
9°2%/92 0°0/0 9°1/1 te/e 9°1/1 8°6/9 z°8/s 8°%1/6 0°0/0 €°€/z J82/KHdD
8°6/9 9°1/1 0°0/0 0'o/0 9°1/1 € e/ 9°1/1 0°0/0 9°1/1 0°'0/0 49
6°%/¢ 0°0/0 0°0/0 0°0/0 0°0/0 £°€/T 0°0/0 9" 1/1 0°0/0 0°0/0 HdD
(1=u) (1=u) (9=u) (v=u) | (91=u) | (11=u) (9{=u) (1=u) (g =u) (z/uv)
anbjuyoay
V101 00°¢§ ov°Y 0y°¢€ 06°2 0%z 06°1 0%°1 66°0 ssaq
-08°% 00"y -00°¢ -06°¢ -00°¢ -06°1 -00°1 -1$°0 | a0 S0 (1e3})
uorieany
siuapuodsay £q pasp
135 3y jo yoea puw uopiving qor aBeraay Jo anjep ayl jo uopiernge) sso1d : /-y Jpgel




122

Table 4.8 : Cross Tabulation of the Frequent Utilization Criteria and
Each of the SET Implemented
FREQUENCY OF IMPLEMENTATION
TOTAL
, On all}| 50% or 50%Z or{ When
TECHNTIQUE ContractJ more less Required
CPM 0/0.0 2/6.9 0/0.0 1/2.8 3/2.2
GBC 3/5.0 2/6.9 1/10.0| @/0.0 6/4.4
CPM/GBC 26/43.3110/34.5 | 2/20.01)12/33.3 50/37.0
PERT/GBC /1.7 2/6.9 0/0.0 1/2.8 4/3.0
PND/GBC 2/3.3 0/0.0 1/10.0 1/2.8 4/3.0
CPM/PERT 3/5.0 1/3.5 0/0.0 2/5.7 - 6/4.4
CPM/PERT/GBC 9/15.0 | 6/20.7 1/10.0 | 8/22.2 | 24/17.7
CPM/PND/GBC 4/6.17 2/6.9 2/20.0| 4/13.8 12/8.9
ALL OF THE ABOVE 10/16.7 | 4/13.8 3/30.0 | 7/24.1 | 24/17.7
TOTAL 60/44.4 }129/21.5 10/7.4 | 36/26.7
CPM = Critical Path Method
PND = Precedence Network Diagramming
GBC = Gantt Bar Chart
PERT = Program Evaluation & Review Technique
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Table 4.9 : Cross Tabulation of the Percentage of Cost Saving and
Each of the SET Implemented
APPROXIMATE PERCENTAGE OF COST SAVING g
TECHNIQUE TOTAL I
(n/%) PR
26%-30% | 20%-25% | 15%-19% |10%-14% 5%~9% 4% or el
less
CPM 1/7.69 0/0.00 | 1/9.0 |0/0.00 1/4.35 10/0.00 3/2.8 [17.3
GBC 0/0.00 1/7.69 | 0/0.00 |2/8.0 2/8.69 [0/0.00 5/4.67 |20.2
CPM/GBC 6/46.15 | 4/30.76 | 5/45.45 14/56 7/30.43 |8/36.36 | 44/41.12]13.1
i :
PERT/GBC 0/0.00 0/0.00 | 0/0.00 {0/0.00 0/0.00 ]2/9.09 2/1.86 | 2.2
PND/GBC 0/0.00 0/0.00 ) 0/0.00 {2/8.0 0/0.00 }2/9.09 4/3.73 1 7.9
CPM/PERT 0/0.00 0/0.00 | 0/0.00 {4/16.00 | 0/0.00 |0/0.00 4/3.73 |12.C
CPM/PND 0/0.00 2/15.38 1 0/0.00 |{0/0.00 0/0.00 [0/0.00 2/1.86 {22.5
CPM/PERT/GBC|5/38.46 | 2/15.38|1/9.0 1/4.0 6/26.08 |4/18.18 | 19/17.75{13.9
CPM/PND/GBC 0/0.60 1/7.69 |0/0.00 {1/4.0 1/4.35 12/9.09 5/4.67 | 9.1
All of the
above 1/7.69 3/23.07 | 4/36.36 {1/4.0 6/26.08 [4/18.18 | 19/17.75{11.8
TOTAL 13/12.15| 13/12.15( 11/10.28]25/23.36 23/21.48122/20.56
CPM = Critical Path Method PERT = Program Evaluation & Review Technique
PND = Precedence Network Diagramming
GBC = Gantt Bar Chart

e et—————————————
e e——
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“IBM, Lotus, Monitor with database and primavision” computer device.
Other contractors have other computer devices such as: 1)
HPM3-computer device with time-line, viewpoint and production pro-
grams, 2) Premis and Cresta computers with materials status manage-
ment, 3) Harvard Project Management Computers with Primavera project
management, 4) Super, Wang and Atlas computers and 5) Artimes and
Quicknet with software package. An additional comment mentioned by
one respondent is that the computer device is often very important and
usually defines the amount of cost savings in the long run among the utili-
zation of the Systematic Examination Techniques . Some other contractors
indicated that the successful implementation of computer program depends
on:
1. Top Management support
Using field proven program

Reasonably low cost to implement

call O

Experienced planners to make the main CPM network or
others

5. Importance of accurate data updating.

6. Importance of program follow up by construction manage-

ment tcam.

The results indicate that 38% of the CPM users apply it only when
specified by contracts. Another 32% of CPM users implement it fre-
quently on all contracts. For large firms, CPM is mostly used when
required by contract, but for medium firms, it is used frequently on 50%

or more of all projects. Small firms also use CPM when required by
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contracts, so that large and small firms agreed about the frequency criteria
of using CPM when required by contracts. In the United States of Amer-
ica, 25% of the top contractors use the CPM technique when required by
contract.( 20) It is interesting to note that both the PND and PERT tech-
niques are always used when required by contract. The GBC technique is
frequently used on all contracts for both large and medium firms, and it is
used frequently when required by contracts by small firms. The PERT
technique is usually used on 50% or more of all projects by large firms,
and it is usually used when required by contracts by medium firms.
Rarely, large and medium sized firms use PERT on less thap 50% of all
projects handled. It is used on all contracts and when required by con-
tracts by medium firms. For small firms, PND is used when required by
contracts. The GBC technique is the most common method used by
respondents. It is usually used on small contracts by large and medium
firms. It is used when required by contract only by small firms. The other
methods used by respondents among the frequency criteria are illustrated
in Table 4.10. The actual representation of the results of user criteria is

shown in Figs. 4.1 and 4.2.
4.2.3 SET Function

Aspects of SET Implementation represent the actual function for
application of these set by the contractors. The results indicate that
78.68% of the contractors (48 firms) use CPM in their projects and
56.30% of firms who use CPM are large firms, 37.50% of them are

medium contractors and the remaining users who employ CPM are in the
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small class, as shown in Table 4.11.

About 69% of the contractors (39 firms) employ CPM as detailed
planning for controlling construction works, whereas only 4.20% (2 firms)
used CPM as a control tool only and 4.20% (2 firms) used it for planning

cash flow only. No contractor uses it as a control tool and for planning

cash needs purposes.

CPM is the most popular technique used by all contractors as a
detailed planning, controlling material and control tool rather than using it
for planning cash needs and material purchases and delivery. Small con-
tractors claim that the main function of CPM tiechniqqe is utilized as a
planning and controlling material purchases anci delivcfy, while medium

!

firms uscd CPM as detailed planning of construction.

Large and medium firms who use CPM gave the first rank to (as
detailed planning, planning cash needs and control materials) whereas it is
(as detailed planning of construction ) which ranked by small firms. The

other ranks according to importance index for the other categories per

CPM method are illustrated in Table 4.12.

Large and medium firms who used CPM gave first success rank to
as detailed planning, planning cash flow and controlling material purchases
and delivery, but small contractors who used ‘the same technique gives the
first priority to as detailed planning of construction . The success ranks of
aspects of utilization categories of major functions of SET application by

the three categoried groups are shown in Table 4.13.
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The PND technique was employed by 61.6% of firms (8 firms) as a
detailed planning and control tool while the rest used it as for planning
cash nceds and for controlling material purchases and delivery. In addi-
tion, PERT is usually used as a control tool only whercas GBC is used by
all firms for detailed planning and controlling purposes. Also it is used for
planning cash nceds and for managing material purchases and delivery as

shown in Table 4.11.

Small firms use PND as a control tool only, while this method is
usually used for detailed planning and control of material purchases and
delivery by both large and medium firms. PERT is frequently used as a
control tool by large and medium firms. Small firms use GBC usually as a
control tool material purchases and delivery where it used as detailed plan-
ning, control tool, planning cash needs and controlling materials by the
other two groups. The responses for each technique individually are illus-

trated in Figure 4.3.

Table 4.12 shows the importance ranks of aspects of utilization cat-
egories of major areas of Systematic Examination Techniques application.
Large firms who used GBC, PERT, and PND gave first priority to
detailed planning of construction . The users of GBC from the medium
size category used it as a control tool and for planning cash needs. PERT
and PND's users gave the first rank to detailed planning and control.

.Small firms rated “all categories for planning and controlling purposes” as
the first important rank for all three methods are being used by them

which are CPM, GBC and PND. The other rank according to




Table 4.12:Mean Rank for Aspect of Utilization of the SET for the

Three Test-groups according to Importance Index.

Pank SET Categories under Aspect of Utilization Pelative Importance
Index(%)
(Large Firms Rank)
1 CPM As a planning and controlling material 99.952
2 " As detailed planning & plan cash & control mtl. 93.333
3 " As detailed planning & control tool 91.667
4 " All categories listed under the factor 88.889
5 " As a detailed planning of constrution 83.333
6 " As a control tool 66.667
7 " As planning cash need 66.653
8 " As detailed planning,control and plan cash needs 66.633
1 GBC As a getailed planning of construction 99.989
2 " As a planning & controlling material 99.952
3 " As control tool & planning cash needs 99.889
4 " As detailed planning,control & plan cash 99.778
5 " As detailed planning & control tool 99.667
6 " As detailed planning & plan cash & control mtl. 91.667
7 " All categories listed under the factor 86.667
8 " As a control tool 83.333
1 PERT As a detailed planning of construction . 99.889
2 " As detailed planning & control tool 99.553
3 " As a control tool . 83.333
1 PND As a detailed planning of construction 99.667
2 " As a control tool 99.563
3 " As a planning & controlling material .99.553
4 " All categories listed under the factor 99.500
S " As detailed planning, control & plan cash 66.667
6 " As detailed planning & control tool 66.633
(Medium Firms Rank)
1 CPM As a detailed planning of construction 99.889
2 " As detailed planning & plan cash & control mtl. 99.778
3 " As detailed planning & control tool 99.667
4 " All categories listed under the factor 88.889
1 GBC  As control tool & planning cash needs 99,952
2 " As detailed planning & plan cash & control mtl. 99.889
3 " All categories listed under the factor 53.333
4 " As a detailed planning of construction 66.667
5 - As planning cash need 33.333
1 PERT As a planning & controlling material 99.889
2 " As detailed planning & control tool 99.953
3 " As a control tool 66.667
1 PND  As detailed planning & control tool 91.557
(Small Firms Rank)
1 CPM All categories listed under the factor 21.667
2 " As a detailed planning of construction - 66.667
3 " As a control tool : ) 66.557
1 GBC 'All categories listed under the factor 99.952
2 v As detailed planning & control tool 83.333
3 " As a control tool 66.667
4 " As control tool & planning cash needs 66.633
1 PND  All categories listed under the factor 83.333
2 " As a control tool 66.667
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Table 4.13: Mean Rank for Aspect of Utilization of the SET for the
Three Test-groups according to Success Index.

Pank SET

Categories under Aspect of Utilization

Relative Success
Index (%)

NMHWNAWNSD IO EHE WN - ® AN dH WM

= W N 2D WN 2B WN =

N = DB WN = WwN -

(Larce

Firms Rank)

CPM As detailed plng.& plan cash needs & control mtl. 93.333
" As a detailed planning of construction 83.333
" As detailed planning & control tool 83.339
" As a planning & controlling material 77.778
" All categories listed under the factor 72.222
" As a control tool 66.667
" As planning cash need 66.683
" As detailed planning,control & plan cash needs 33.333

GBC As control tool & planning cash needs 99.952
" As detailed planning,control & plan cash needs 99.988
" As detailed planning & control tool 99.776
" As a detailed planning of construction 90.476
" All categories listed under the factor 86.667
" As a control tool : 83.333
" As detailed plng. & plan cash needs & control mtl. 75.000
" As a planning & controlling material €6.667

PERT As detailed planning & control tool 99.500
" As a detailed planning of construction 88.889
" As a control tool ) 83.333

PND As a detailed planning of construction 99.663
" As a control tool 99.653
" As a planning & controlling material 66.667
" As detailed planning & control tool 66.665
" All categories listed under the factor 66.553

(Medium Firms Rank)

CPM As detailed planning & plan cash & control mtl. 99.988
v As detailed planning & control tool 29.776
" All categories listed under the factor 99.667
" As a detailed planning of construction 83.333

GBC As a detailed planning of construction 99.989
" As planning cash need 99.952
" As control tool & planning cash needs 99.776
" As detailed planning & plan cash & control mtl. 99.667
" All categories listed under the factor 86.667

PERT As detailed planning & control tool 99.958
" As a control tool 66.667
" As a planning & controlling material 66.638

PND As detailed planning & control tool 91.667

(Small Firms Rank)

CPM As a detailed planning of construction 83.333
" All categories listed under the factor 75.000
" As a control tool €66.667

GBC All categories listed under the factor 91.667
"  RAs detailed planning & control tool 83.333
" As a control tool 6€6.667
" - As control tool & planning cash needs 66.633

PND All categories listed under the factor £3.333
v As a control tool 6€.667
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importance index for the other categorics per mcthod are illustrated in

Table 4.12.

The contractors in the large class who use GBC ranks to the first
place of utilization for this mcthod as control tool and planning cash
nceds. Large and medium firms who used PERT gave first rank to as
detailed planning and control tool. Small firms rated that “all categorics
for all functions of utilization” as occupied the first success rank for using
both GBC and PND. The other ranks according to the relative success

index for the three sized gro.ups are illustrated in Table 4.13.

Table 4.14 shows the importance and the success ranks of aspects of
utilization categories ranked by all contractors for all major functions per
technique. The results indicate that all contractors give the highest rank to
as detailed planning and control tool function in using CPM and the first
rank to as detailed planning, control tool and planning cash flow in using
GBC technique. The contractors agree on the priofity of the highest rank
to as detailed planning of construction of aspects in using both PERT and

PND according to the importance index.

As detailed planning, planning cash needs and control material cat-
egory occupied the highest rank by all contractors who used CPM. This
rank is obtained by the relative success index. Detailed planning and con-
trol tool category got the second place of rank by all of CPM’s users and
as de;ailéd planning of construction was ranked the tﬁir_d. However, there
seem to be differences betwecnihe two types of rank which are importance

rank and relative success rank as to the four techniques for planning and
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Table 4.14: Mean Rank for Aspect of Utilizing the SET for the Total
‘ Surveyed Population according to Both (IM IND) & (SUC IND)

Pank SET Categories under Aspect of Utilization Felative
. IM IND (%)

1 CPM As detailed planning & control tool 95.238
2 " As detailed planning & plan cash & control mtl. 94.444
3 " As a planning & controlling material 93.333
4 " All categories listed under the factor 89.744
5 " As a detailed planning of construction 87.879
6 " As a control tool €6.667
7 ' As a planning cash need 66.533
8 " As detailed planning,control s plan cash 66.333
1 GBC As detailed planning,control & plan cash 99.988
2 " As a detailed planning of construction 96.296
3 " As detailed planning & plan cash & control mtl. 93.333
4 " As detailed planning & control tool 93.300
S " All categories listed under the factor 92.857
6 " As control tool & planning cash needs 91.667
7 " As a planning & controlling material 28.889
8 " As a control tool 80.952
9 " As planning cash need 33.333
1 PERT As a detailed planning of construction 99.889
2 " As a planning & controlling material 99.857
3 " As detailed planning & control teol 99.778
4 " Al)l categories listed under the factor 83.333
S " As a control tool 77.778
1 PND As a detailed planning of construction 99.952
2 " As a planning & controlling material 99.889
3 " All categories listed under the factor 99.779
4 " As detailed planning & control tool 86.667
5 " As a control tool 83.333
6 " As detailed planning,control & plan cash 66.667
SUC IND (s)
1 CPM As detailed planning & plan cash & control mtl. 94.444
2 "  As detailed planning & control tool 90.476
3 " As a detailed planning of construction 81.818
4 " All categories listed under the factor 79.487
5 " As a control tool €6.667
6 " As a planning & controlling material 66.553
7 " As planning cash need 66.333
2] " As detailed planning,control & plan cash 33.333
1 GBC As planning cash need 99.985
2 " As detailed planning,control & plan cash 99.889
3 " As detailed planning & control tool 93.333
4 " As a detailed planning of construction 92.593
S " Ag control tool & planning cash needs 91.667
6 " All categories listed under the factor 88.095
7 " As detailed planning & plan cash control mtl. 80.000
3] " As a planning & controlling material 77.778
9 " As a control tool 76.190
1 PERT As detailed planning & control tool ) 99,952
2 " As a detailed planning of construction 88.889
3 " All categories listed under the factor 83.333

4 " As a control tool 77.778 .
5 " As a planning & controlling material 66.667
1 PND As a detailed planning of construction 29.889
2 " As detailed planning & control tool 86.667
3 " As a control tool 83.333
4 " As a planning & controlling material 66.667
5 " All categories listed under the factor 66.533
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scheduling. These differences come from the various contractors’ views
and from thcir cxperiences. The other ranks according to both indices for

each tcchnique by all firms are illustrated in Table 4.14.

The agreement between the three sized contractors have been meas-
ured by correlation ratios for the aspects of SET utilization factor. The

correlation results were obtained by using Spearman, partial and multiple

correlations, so that the average agreement between all parties are, r,)_('

(aspects of utilization) = 90.00%, rpf(. = 45%, and rmi = 94%. The
first highest average of corrleation is the multiple correlation which indi-
cates the agreement between the one sized group and the other combined
groups. The second highest average of correlation is the Spearman correla-
tion which shows the agreement between one sized group with the other
sized group. This high average percentage means that the responses of all
groups reflect the existing situation concerning aspects of SET utilization
by all sized contractors. The computation of Spearman ranks correlations
of aspects of SET utilization (SET function) are illustrated in Appendix B
- Table B-1. The schematic representation of the results of the three types
of correlation ratios associated with aspects of SET utilization factor are

shown in Appendix B - Figures B-1, 2, and 3.
4.2.4 Contractor’s Major Concerns of SET

The companies were asked about their major concerns with regard
to the operation and use of their present technique used for planning and

scheduling. The responses for each method are illustrated in Table 4.15.




Table 4.15

Distribution of Major Concerns of Top Management
Regarding the SET Utilization
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It can be noted that, the most frequently voiced concern is that construc-
tion personnel who must do the work or who supervise it are “not using the
method”. The second most frcqu'ently voiced concern is that implementa-
tion of all methods require an “excessive” amount of work. The latter con-
cern was elaborated upon by many respondents who stated the concern of
“complexity of input and output” and the other major concerns mentioned
by the firms. Among the major concerns indicated by the contractors
include: complexity of the actual recording of data updating with reason-
able accuracy; construction field personnel not following work schedule;
long delays in the approvals from client; permits not granted on time;
insufficient time given from authorities; the CPM requires a special staff
and set up to follow up; CPM cannot be justified for project less than
SR15 million and the difficulty of the difference between CPM and PERT
used for above SR15 million. Large sized contracators who use CPM,
claim that the major concerns of SET utilization include, consulting per-
sonnel are not using the method, implementation of this technique required
excessive work, and the complexity of input and output. It seems that
medium and small sized firms state that the major concerns regarding the
CPM utilization are the implementation of it required excessive work, and
consulting personnel are not using the method. Indeed, the top American
construction contractors share the same major concerns related to the
application of the CPM technique. They believe that CPM technique is
not responsive to the needs of top management.( 20) All sized contracators
‘claim that the majbf concerns regarding the PND technique utilization

include, personnel are not using the system, required excessive work and
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complexity of input and output.

Large and medium sized firms agree about the major concerns of
PERT tcchnique utilization which includes implementation of it required
excessive work, personnel are not using the system and complexity of com-
puter utilization for input and output. Large sized contractors who use
GBC indicate that the major concern of utilization of this technique is the
complexity of input and output in implementation of the system. This is a
surprising observation due to the simplicity of the GBC technique applica-
tion. Medium and small contractors claim that the major concerns of
GBC technique utilization is that personnel are not using the method.
Graphical representation of these major concerns for each technique are

shown in Figure 4.4.
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4.3 SET Advantages: A Contractor’s View

The participating contractors indicated the major benecfits they have
obtaincd through the application of the SET. The frequent benefits gained
associated with all of the techniques involved in the SET with respect to
the three sized contractors are shown in Table 4.16. The most frequent
benefits are defining cost saving, improving the planning of 'projcct activi-
ties, controlling project process and responding quickly to management cri-
sis. The second most frequently claimed benefits are improvement of bid-
ding and estimating, improvement in the planning of projects prior to start
of construction , and improvement of communication among the work
forces. Some contractors claim only one benefit obtained in applying one
SET on project. The benefit of improvement of project control after work
starts is the most frequent among the other and this is not surprising,
because of updating and monitoring of scheduled plan to fhe actual prdg-

Iess.

It seems that only 21% of the contractors identified a definite cost
savings attributed as a result of using the SET and most of them have
stated that these SET were mostly used for planning rather than for con-

trol purposes.

In addition, 17.18% of the SET users indicated that the bidding and
estimating activities have been improved because of the SET techniques.
About 14% stated that the improvement of communication among work

force benefit as a result gained from SET utilization. Only 26.46% of the
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Table 4.16 : Distribution by Size of Firms with Benefits obtained through
SET Implementation Among the Three Groups
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Table 4.16 : (Continued)
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respondents listed the bencfits obtained from SET utilization is the
improvement of planning before work starts and 21.31% of the users
stated the bencefit of improvement of project control after work starts as

obtained from SET utilization.

CPM uscrs claim that improved planning before work starts and
improved project control after work starts are the most frequent benefits
obtained. The second frequent benefits is defining cost saving and faster
response to managements. The lowest frequent benefits is improved com-

munication among work forces.

Large and medium contractors claim that the prime benefits of
CPM include, improving of bidding and estimating activities, improving
the planning process before work starts, responding quickly to manage-
ment crisis and improving communication among work-forces. Small con-
tractors who use CPM indicated that the major benefits obtained in using
this technique are improving the project control aftér work starts, and

improving the planning beforc the work starts.

The most frequent benefits obtained from application of the CPM
technique by top American contractors are in the form of improvements in
the planning of project activities Iprior to the start of construction.( 20)
Also, some CPM users in the United States of America indicated that no
benefits were obtained as a result of using CPM and sometimes added
“only higher costs”, while in Saudi Arabia, none of the respondents claimed

this category of “no benefits, only higher costs”.
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The PND technique users reported that the first highest wcight of
benefits related to PND application is improved planning before work
starts. The second highest benefits are define cost saving, improved project
control after work starts and faster response to management. The lowest
benefits are improved bidding and estimating, and improved communica-

tion among work forces.

Large and medium sized firms stated that the main benefits of using
PND technique are defining cost savings, improving planning before work
starts, improving project control after work starts and improving both
communication and the responding character to management crisis. Small
contractors who use the PND technique claim that the benefits obtained
include improving planning and project control before and after work

starts and faster response to management crisis.

For the PERT technique, the results indicated that the contractors
who use this method claim its use leads to improved project control after
work starts, quick response to management crisis, define cost saving and
improved communication among work-forces. The second frequent ben-
efits is improving planning before work starts and the third frequent ben-
efits are improving bidding and estimating of project activities. In addi-
tion, all large and medium firms who use PERT generally agree on the
above benefits obtained when implementing this technique on their

projects.

- GBC users indicate that the highest rated benefits are improved

project control after work starts and the quick response to management
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crisis. The sccond rated benefits are improving bidding or estimating, and
improving communication. The lowest rated benefits arc defining cost sav-

ings and improving planning beforec work starts.

Large and medium sized contractors claim that the prime benefits of
GBC include, defining cost saving, improving planning before work starts,
improving project control after work starts, responding quickly to manage-

ment crisis and improving communication among work forces. Small sized

contractors claim that the major benefits of GBC involve, improving .

project control after work starts, responding quickly to management crisis

and improving of communication among work forces.

Additional benefits are mentioned by respondents include improve-
ments of delivery dates for material, presenting all needed information to
the manager or planner, make effective schedule of equipment and effec-
tive sales presentation to customers. Many respondehts feel that the great-
est benefit obtained from the use of the SET in their firm is the planning
before work starts because it assists the manager or any other concerned
person or site manager to know the full plan of the project in a detailed

manner before the work starts.
4.3.1. User’s Levels of SET Information

Information generated by SET techniques are used at different
management levels. CPM information are used at all levels of a contraca-
tor’s organization. The majority of the contractors who use the CPM tech-

nique make extensive use of its information at the project management
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level, sitc manager level and trade superintendent level. The results also
indicate that only 4.3% of firms gaincd information when using the CPM
technique at the division or group manager levels. About 19% of the
firms use CPM at all categories of levels and departments under the user’s
levels category and also 19% of contractors use it at projecct management
level, department managers level and bidding or estimating levels. It seems
that CPM information is used by all levels for controlling purposes. In the
U.S., the overwhelming majority of contractors genérate CPM information

at the project or site manager’s level and division manager’s levels.( 20)

The majority of PERT and PND users use the generated informa-
tion at project management level and trade superintendent level. About
80.5% of firms used information from PERT at the same level as for PND
technique. The GBC technique is one of the SET could be applicable to
gain information from it at all categories listed under the factor (percent-
age is a total of 100 per each technique individually). The other distribu-
tion of the user’s levels among the three sized groups are illustrated in

Table 4.17.

Large contractors who implement CPM and/or GBC use the gener-
ated information as input for decision making at the project management
and site management levels. Medium firms agreed upon using information
from SET implementation at project management and site manager, divi-
sion (department) or group and bidding or estimating levels through the
utilization of all techniques included in"the SET. It is interesting to note

that small firms used the information from CPM and GBC at project man-



Table 4.17 :

Distribution of Major Users' Levels of SET Implementation
with each of the test group
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agement and site manager’s levels because the information of these meth-
ods usually utilized at project management level by the top management.
Also small firms use the information of PND as the same as for CPM by

large firms.

It is interesting to observe that the information of CPM and PERT
are utilized at project management , departments, bidding and estimating
levels because it seems to be an important category especially for large con-
tractors. The generated information from GBC is utilized only at project
management and site manager’s levels. The PND technique information is
utilized at project management and division or groups levels, the priority

was given to this categories by large firms.

Medium and small firms agreed on generated information from the
PND technique at project management , department or group manager’s
levels, bidding and estimating, according to importance index. Medium
firms were considered that GBC information could be gained at all levels
included under the user’s levels factor. The information of the PERT tech-
nique is gained at trade superintendents level only by medium firms and it
occupied the highest importance rank by them. CPM information is uti-

lized by medium firms at project management and site manager’s levels.

GBC information is utilized at the same level as the PND technique
by small firms which is due to the fact that the easiest to be used and more
understandable than the other methods. CPM users in small class utilized
information gathered from them at all levels of categories under the user’s

level tested and this has the highest rank by small firms. The other
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catcgories ranks are illustrated in Table 4.18 through all SET implemented.

The information of CPM is utilized at project management, depart-
ment or grbup levels and bidding or estimating levels and it has the first
degree of rank by large firm. Large and medium firms utilized the infor-
mation from GBC and CPM respectively at project management level and
site manager levels, they agreed to the priority of these levels. Large firms
who use PERT gave the first priority of users level at project managemént

and site managers levels according to importance indices.

Table 4.19 shows the rank of user’s levels of information gained
from SET implementation per each technique according to the relative suc-
cess index. Large firms who use GBC and PND gave the highest rank for
gaining information from them at project management and site managers
levels. Medium firms and small firms agreed on utilizing the information
of CPM at project management department or group managers levels, and
bidding or estimz;ting levels. Large firms and medium firms agreed on uti-
lizing the information of PERT at division (department) or group manag-

ers levels and it occupied the highest priority of rank by them.

Medium and large firms do not regard that “all categories of levels
listed under user’s levels factor” as the highest rank among the method,
where it is the first degree levels for small firms based on their successful
utilization of the methods. The ranks of other categories according to suc-
cess.indices shown in Table 4.19. Table 4.20 shows the rank of user’s lev-
els by all contractors for both importance and success indices. the results

indicate that, The users of CPM obtained information at project



Table 4.18:

Mean Rank for User's levels of Utilization of the SET

by the three test groups according to Importance Index.

Pank SET Categories under User's Levels Relative Importance
Index(%)
(Large Firms Rank)
1 CPM At project management, division & bidding 99.952
2 " At project management & trade superintendents 99.789
3 " At project management & bidding or estimating 99.667
3 " All categories listed under the factor 2g.889
5 " At project & division managers 87.500
6 " At project & site managers (PM=level) 80.000
7 " At division or group manager level €66.667
1 GEBC At project & site managers (PM-level) 99.29892
2 " At division or group manager level 99.563
3 " At project management & bidding or estimating 99.553
4 " All categories listed under the factor 93.333
5 " At project & division managers . 91.667
6 " At project management, division & bidding 88.889
7 " At project mana~ement & trade superintendents 83.333
1 PERT At project management, division & bidding 99.667
2 " At project & site managers (PM~level) 90.676
3 " At diyision or group manager level 66.667
1 PND At project & division managers 99.952
2 " At project & site managers (PM-level) 91.567
3 " All categories listed under the factor 83.333
(Medium Firms Rank)
1 CPM At project & site managers (PM-level) 99.932
2 " At project management & trade superintendents 99.673
3 " All categories listed under the factor 99.667
4 " At project management & bidding or estimating 99.553
5 " At project management, division & bidding 88.889
1 GBC All catenories listed under the factor 93.333
2 " At project & site managers (PM-level) 83.333
3 " At project management, division & bidding 66.667
1 PERT At trade superintendent level 99.563
2 " All categories listed under the factor 99.553
3 " At project & site managers (PM=-level) 66.667
4 " At division or group manager level 66.683
1~ PND At project management, division & bidding 99.776
2 " All categories listed under the factor 99.667
3 " At project & site managers (PM-level) 66.667
(Small Fir s Rank)
1 CPM All categories listed under the factor 99.952
2 " At project & division managers 99.889
3 " At project management, division & bidding 83.333
4 " At project & site managers (PM-level) $0.000
1 GRC At project management, division & bidding 99.667
2 " All categories listed under the factor *99.553
3 " At project & site managers (PM=-level) €6.667
4 " At project & division managers €6.633
1 PND At project management, division & bidding 83.333
2 " At project & site managers (PM-level) 66.667
3 ' Pll categories listed under the factor 6€.633
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Table 4.19:Mean Rank for l'ser's levels of Utilization of the SET
by the three test groups according to Success Index.

Pank SET Categories under User's Levels Relative Success
Index(%)
(Large Firms PRank)
1 CPM At project management & trade superintendent 99.452
2 " At project management & hidding or estimating 88.889
3 " At project & division managers 87.500
4 " At project management, division & bidding 77.778
5 " At project & site managers (PM-level) 73.333
e " At division or group manage: level 6€.667
7 " Al)l categories listed under the factor 55.556
1 GBC At project & site managers (PM=level) 91.€67
2 " 2t project & division managers 91.337
3 * At project management, division & bidding 88.989
4 " At project management & bidding or estimating 88.889
S " Rll categories listed under the factor 86.€67
€ " At project mana ement & trade superintendent 83.333
7 " At division or group mranager level 66.667
1 PFRT At division or group manager level ©9.668
2 v At project anacement, division & bidding 99.553
3 " At project & site managers (FM-level) 80.952
1 PFMD At project & site managers {PM-level) ©1.667
2 " A1l categories listed under the factor 66.667
3 " At project & division anagers 66.337
(Medium Firms Pank) )
1 CPM At project management, division & bidding 99.889
2 " All categories listed under the factor 99.773
3 " At project management & bidding or estimating 99.667
4 " At project & site managers (PM-level) 83.333
) " At project maragement & trade superintendent 66.667
1 GEC At prodect & site managers (PM=level) 9¢.983
2 " At project maragement, division *idding 99.RRAG
? " Rll categories listed under the factor 86.667
1 PERT 2t division or group manager level 99.1752
? " All categories listed under the factor 99.552
3 " At project & site managers (PM-level) 66.667
4 " At trade superintendent level 66.337
1 PND At project management, division & bidding 99,285
2 " All categories listed under the factor 99,553
3 " At project & site managers (PM-level) €66.667
{Small Firms Rank)
1 CpM At project management, Adivision & bidding 83.667
2 " 211 categories listed under the factor 83.333
3 " At project & site managers (PM-level) 66.667
4 " At project & division managers €66.337
1 GBC 2t project management, division & bidding 99,9292
2 " 211 categories listed under the factor 83.333
3 " At project & site managers (PM-level) 66.667
4 " At project & division managers €6.337
1 PND  2ll categories listed under the factor 20,952
2 " At project management, division & bidding 83.333
3 " At project & site managers (PM-level) 6€.6€7
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management and trade superintendent’s levels. These levcls are rated as
the first degree of important category level for all firms. The users of
PERT obtained information at trade superintendent’s level. GBC users
gathered information at division (department) or group manager’s level.
This category occupied the highest rank by all firms. PND information is
utilized at project management level and division or (department) groups
or managers levels and bidding or estimating levels. This priority was

given by all sized contractors for both importance and success indices.

However, there seem to be difference between all firms of two differ-
ent ranks according to both importance and success indices. The GBC
and PND users agreed upon utilizing the information of SET at project
management, division (department) or groups and bidding or estimating
levels. CPM information is utilized at project management and bidding or
estimating, but the information of PERT is utilized at division or group
manager’s level.. These ranks are based on success indices. Table 4.20
shows the breakdown of the ranks of user’s level by all firms who utilize
information from SET for project planning and scheduling through the
four methods have been tested. The schematic representation of the results

obtained from these SET user’s levels are shown in Fig. 4.5.

The correlation results have been obtained by using Spearman, par-

tial and multiple correlations. The average agreement between all sized

contractors for user’s level of SET information are, r, X (user’s level) =

91%, rp-)-(' = 46% and r, X = 94%. Both the multiple and Spearman




Table 4.20: Mean Rank for User's levels of Utilization of the SET
for the Total Surveyed Population according to both

(IM IND) & (SUC IND)

Pank SFT Categories under User's Levels Felative

IM IND (%)
1 CPM At project management & trade superintendent 99.998
2 " At project management & bidding or estimating 99.952
3 " All categories listed under the factor 95.833
4 " At project managerent, division & bidding 91.667
s " At project & division managers €8.889
6 " At project & site managers (PM=level) 78.788
7 " At division or group manager level €6.667
1 GBC At division or group manager level 29.776
2 " At bidding & estimating phase 99.667
3 " All categories listed under the factor 94.118
4 " At project management & bidding or estimating 91.667
5 " At project management & trade superintendent 88.889
[ " Rt project manacement, division § bidding 87.500
7 " At project & site managers (PM=-1level) 8€.667
g " At project & division managers £6.336
1 PEPT At trade superintendent level °2e.889
2 " At project management, division & bidding 8g8.889
3 " At project & site managers (PM=level) 85. 185
4 " All categories listed under the factor 83.333
S " At division or group manacger level 66.667
1 PND At project mana ment, division & bidding 99.889
2 " At project & division anagers 99.776
3 " All categories listed under the factor eg.889
4 " At project & site managers (PM=1evel) 86.667
S " At project management & bidding or estimating 66.6R7

SUC IND (%)
1 CPM At project management & bidding or estimating 88.889
2 " At project management, divisioné bidding 87.500
3 " At project & division anageers 85.185
4 " At project management & trade superintendent 83.333
S " All categories listed under the factor 79.167
6 v At project & site managers (PM=level) 69.697
7 " At division or group manager level 66.667
1 GPC At project management, division & bidding 95.833
2 " At project management & trade superintendent 88.889
3 " At project & site managers (PM-level) 86.667
4 " At project & division managers 86.336
S " All categories listed under the factor 86.275
3] " At project management & bidding or estimating 83.333
7 " At division or roup manager level €6.667
8 " At bidding & estimating phase €6.337
1 PERT At division or group manager level 99.952
2 " All catecories listed under the factor @9.88¢2
3 " At project manacement, division & bidding eg.g89
4 " At project & site managers (PM=level) 77.778
5 " At trade superintendent level . 66.667
1 PMD At project management, division & bidding 99,952
2 " At project & site managers (PM=level) €6.667
3 " All categories listed under the factor 83.333
4 " At project manacement & bidding or estimating €6.667
s " At project & division managers €6.336
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correlation cocfficients have occupicd the first and the second highest aver-
age of agrcements. These results indicated that a clearer agreement
betwceen partics and a sensible agreement betwcen one party with the other

two sized groups exist.

The lowest value of the correlation coefficient represents a weaker
relationship among parties and this is usually for the agreement of partial
correlation which represents the agreement between two parties with the
third party who kept constant. The computation of Spearman ranks corre-
lations of user’s levels of SET information are demonstrated in Appendix B
- Table B-2. The graphical representation of three correlation coefficients
associated with user’s level of SET information factor are shown in Appen-

dix B - Figures B-4, 5, and 6.
4.3.2 Cost Saving

Contractors can assure.themselves many benefits by using a SET
technique. Cost saving is one benefit that is immediately realized. Table
4.21 shows the percentage of cost saving that can be gained from the
implementation of SET technique by different sized contractors. The larg-
est range in percentage of cost saving, that is indicated by a large number
of firms is the (10-14%) of the total contract cost amount and 4% or less
of the total contract cosf amount. The overall mean of these percentage
ranges of cost saving by using the midpoint is 12.22% of the total contract

cost amount. For large firms, the highest percentage mean of cost saving

when using CPM is about X = 13.20% of the total contract cost, and
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(%) of cost saving obtaining

Distribution of approximate
through SET implementation
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X = 9.5% when using both PND plus GBC, and X = 8.42% of the total
contract cost when using PERT. As far as cost saving gained when using
thc methods arc concerned, it may be noted that the highest mean of the
percentage of cost saving by medium sized firms is cqual to 19.25% when
implementing PERT in their organization, 16.0% when using PND,
13.47% when using CPM and 9.76% when using GBC. For small firms,
the highest percentage of cost saving when using CPM is cqual to 17.24%
and sccondly, it is equal to 14.1% when using GBC and the lower mean of
cost saving occurred when using PND. The response for_ each method
individually are illustrated in Figure 4.6 where it can be seen that the most
highest percentage for cost saving based on the method, is the one for
CPM which is equal to 13.713% of the total contract cost amount. The
lower percentage of cost saving when using GBC is equal to 10.76% of the

contract amount.

Figure 4.7 shows a graphical representation of both the frequent
users and the approximate percentage of cost saving per each method in
the SET. It is interesting to observe that the GBC with lower percentage
of cost saving has the highest percentage of users and CPM with the larg-
est percentage of cost saving has the majority of users, but fewer than the
users of GBC. Additionally, for both PND and PERT have the lower per-
centage of users among contractors and they vary from one response to
other. It was noted, however, the results of cost saving is approximately
relevant because it was figured from the p'articipants’ viewpoints and from

their experience and, in fact, is not based on mathematical calculation of
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various construction projects. This information gathcred attempted to fig-
ure out the approximate percentage of cost saving gained for SET in for-

malizing project planning and scheduling.
4.3.3 Levels of SET Importance to Firm’s Success: A Contractor’s View

The levels of importance associated to each technique included in
the SET have been assesscd by the contractors views on utilization of these
techniques. The determination of level of impo.rtance is dependent on the
firm’s success in implementing the SET for project planning and schedul-
ing. The results indicate that about 71% of the CPM users regard this
technique as a very important contributor to their firm’s current success.
This is indicated that about 56% of all contractors regarded this technique
as very important to the current success. Large firm contractors view
CPM as very important, moderately important and relatively unimportant
by 51.5%, 24.24% and 3% of them, respectively. Medium sized firms
regard the CPM technique as very important, moderately important, and
relatively unimportant by 63.6%, 13.6%, and 4.5% of them respectively.
About 50% of those who use the CPM technique and view it as very
important, are a small sized contractors and 17% of small firms view the

CPM technique as moderately important.

The other findings are illustrated in Table 4.22 and the percentage
presented there is calculated per users of each technique and the sum of
the total is out of 100. The results indicated that the contractors who view
the SET as very important are as follows: about 55.73% of contractors

using CPM, 13.11% of contractors who use PND, 14.75% of contractors
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Distribution of Top Management Views as Important

Technique to Fimm's Success

Table 4.22
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who use PERT and 59% of contractors using GBC. The contractors who
view the SET as modestly important, the results show that about 20% of
contraétors use CPM, 6.55% of firms use PND, 13.11% of contractors use
PERT, and 21.32% of contractors use GBC. The last level of relatively
unimportant indicated only by two contractors (3.3%) who use CPM tech-
nique and one contractor (1.6%) who uses GBC. No onc of the contrac-
tors who use PND or PERT feel it is a relatively unimportant contributor

to their firm’s success.

Among the executives who view the SET as very important are gen-
erally in the large and small sized class. The GBC technique regarded as
very important and it has occupied the highest percentage weight of users
among the other methods, while the CPM technique has the second pera-
centage weights of users among the methods which viewed as very impor-
tant to the current success. The CPM and GBC techniques regarded as
very important by medium sized firms and this occupied the first and the
second percentage weights of users among the other method. For large
firms, CPM has the highest weight among the remaining method when
regarded as moderately important, while the users who view GBC as mod-
erately important are in the medium class and it has occupied the highest
weights of users. Levels of importance of the SET’s evaluation to firm’s

success by all participating contractaors are shown in Figure 4.8.
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4.3.4 Degree of Success in Achieving SET Benefits: A Contractor’s View

The degree of success in achieving advantages attributed to SET uti-
lization have been assesscd by the contractors views. The identification of
degree of success is dependent on the firm’s view in realizing the various
advantages attributed to SET implementation and level of importance
associated to SET for project planning and scheduling. More than half of
the contractors feel they arc very successful, about 45% of the contractors
feel moderately successful, and the remaining contracators feel unsuccessful
in achieving the advantages attributed to SET utiliztion. At a modestly
successful degree, all firms - large, medium and small - agree that CPM is
the highest weight of users among the methods and it is surprising to
observe that for small firms because CPM applications required advanced
technology by the users. Both CPM and GBC techniques have the highest
weight of users among the techniques in respect of the three degrees of suc-
cess. In contrast, the majority of construction firms in the United States
who use the CPM technique in their firms feel only moderately successful

in realizing the various advantages attributed to CPM application.( 20)

The other findings are illustrated in Table 4.23. The peracentages
presented there are calculated per users of individual technique and the
sum of the total is out of 100. The results among the contractors who feel
very successful in realizing the benefits from SET application include that,
about 36% of the contractors use CPM, 9.8% of the contractors use PND,
18% of the contractors use PERT and 52.5% of firms use GBC which




167

swiyd unypay E
swayg (7ees m
su1tq adae P77

(Z=N) %uowuumu Injssadsonsup

S
= =
L= 7. g 0
m m — ¢ uoy3wjuawatduy §,313S woij pauresd
sa8ejueapy SuyAayyoy uy SS22Ong 3Jo 3IdaBag 6°% 914
[~ o1
—SHUII S  —afe— SHIIA'W —afe— SHWIIIT b St ANDINHOAL-143d INDINHOIL 299
n3
~ss3d9nsu(
(8=N) [ndssadans ajerapoy
0 %0°05  %0°0¢ 28°C1 29°1€ 2926
= In3ssad9ng
" - (8) k 1) = 21239pOoH
3
w“ oy xS0y %5°5S 2629 2SLE  267°96
S n3ssanIng
i g a2 A s
2 (ze) 2
T SHHLATS b= SWHLI'H —— SWITd™1 = 01 ] 9 Y 4 0% ¢ Ot sz 0¢ St ot S
I I I S B N AP S P e
(69=N} 1n3yssadong Lxap -on-dsa con -
o oo Neseon oN*dsay 205 %0¢
) w o mZ v
- O Zox 0 (%0°%) 3
= “\ (@) -ssasonsup
m o ~ 20z 202 209 | %11 %6°92 %5°19
[ 2 4
w (25°Sy) % (20°2%) \\\\\\ n3ssaddng
™ 01 (s) \\h 92) /] a3imiapoy
~ :
2 e %06 208 206 20¢
e 5
(29°v6) (20:%%) “\V\\ In3ssadong
® - 02 9 & (z2) /) Kaap
-~
= SKEIA'S  —~e— SHYIAW —k— ' SWETA*T —b— ANDINIDAL HdD

ANDINHIAL-ONJ



168

contributes the highest weight. The contractors who feel modestly success-
ful in realizing the various benefits to SET utilization, about 43% of the
firms use CPM, 8.2% of the contractors use PND, 13.11% of contractors

usc PERT, and 31.15% of contractors usec GBC.

The last degrce which felt unsuccessful in achicving the bencfits
from SET utilization by contractor was only indicated by two contractors
who use CPM only and one contractor in the large class and the other is in
the small class. None of the medium contractors feel unsuccessful in real-
izing the bencfits obtained from SET application. Only the users of CPM
feel they are unsuccessful in achieving advantages attributed to SET utili-
zation. The graphical representation of the degree of success in achieving

advantages from SET implementation are demonstrated in Fig. 4.9.
4.4 Criteria for Successful SET Implementation

The contractors were asked to indicate the criteria by which they
measure successful implementation. Distribution of major criteria findings
are illustrated in Table 4.24. Some firms cited the whole list of criteria
(categories under this factor) to measure the successful use of these meth-
ods. Other respondents stated that there are other or “selected” criteria for
measuring the success such as defining responsibility and authority, identi-
fying and examining the reality of the project cost, controlling change
order, improving communication with client, assuring the client of things
happening and narrowing the gap hetween the.estimated and actual execu-
tion and vice versa. Adjustment of the planned schedule to actual accom-

plishment and vice versa and evaluating the alternatives by users is
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regarded as a tool for helping in this purpose. About 31% (39 firms) have
given improvement of planning and control criteria only. About 22% (27
firms) stated that to measure the successful implementation of the method
uscd in form of improvement of planning and control plus define cost sav-
ing and improvement of communication among work forces together. It is
surprising that the improvements of communication among work force
have the lowest response of 23.11%, while cost saving category is 34.87%
because the main important objective of appfying tﬁese methods in con-
struction is to improve communication among work staff more than cost
saving. The majority of firms indicated that improvement of planning and
scheduling as one factor for ﬁeasuring the success of SET implementation
(42.02% of respondents) and it carries the highest percentage of response.
The second response is to define cost saving (34.87%) and the latter is

improvement of communication category.

For measuring rank according to the importance index, all firms
agree that defining cost saving is the highest rank, but small and large
firms agree on both defining cost saving plus improvement of communica-
tion among the work force as the highest ranking. Medium firms gave pri-
ority to defining cost saving only in using the CPM technique only. For
GBC, all three test groups regarded improvements for planning and con-
trol plus defining of cost saving as the highest ranking by all of them. It
may be noted that for the PERT technique, defining of cost saving was
considered as highly important by large and small firms. For the PND
technique, medium and small firms regarded that the improvement of

planning and scheduling plus defining of cost saving as the most important
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Table 4.25: Mean Rank of Criteria of Measuring the Successful
Implementation of the SET for the three Test Groups
according to (IM IND).

Pank SET Categories under the Criteria of Felative Importance
Successful Index(s)
(Large Firms Pank)
1 CPM Def. cost saving & Impr. of Comm. AWF 99.9e8
2 " Imp. of Pl., Con., Def. C-S, and Comm. 99.776
3 " All categories listed under the factor ©9.667
4 " Impr. of Pl. & Con. & Def. cost saving 20.476
5 " Improvement of planning & control 75.000
1 GBC Impr. of Pl. & Con. & Def. cost saving 92.952
2 " Pef. cost saving & Impr. of Commun. 99.900
3 " Imp. of P1., Con., Def. C-S, and Comm. AWF 92,653
4 " Improvement of planning & control 87.500
5 " Impr. of Comm. among work forces 66.667
6 " Achieved other henefits (a) €6.653
1 PEFT Defining cost saving 89.285
2 " Impr. of Pl. & Con. & Def. cost saving 99.952
3 " Def. cost saving & Impr. of Commun. : 29.889
4 " Imp. of Pl., Con., Def. C-S and Comm. AWGC 99.778
5 " Improvement of plannine & control 77.778
1 PMD Defining cost saving 29.778
2 " Impr. of Pl. & Con. & Def. cost saving 29.663
3 " Def. cost saving & Impr. of Commun. 99,553
4 " Imp. of Pl., Con., Def. 'C-S, and Comm. ,AWF 92.543
5 " All categories listed under the factor 99.533
€ " Irprovement of Planning & control €6.667
(Medium Firms Rank)
1 CPM Defining cost saving 99.988
2 " Impr. of Pl1. & Con. & Def. cost saving 99.889
3 " Def. cost saving & Impr. of Comm. AWF 99.776
4 " Irp. of Pl., Con., Def, C-8, and Comm. AWF ©9.667
5 " Improvement of planning & control 91.667
1 GBC Impr. of Pl. & Con. & Def. cost saving 99.889
2 " Def. cost saving & Impr. of Comm. AWF 29.776
3 " Imp. of Pl., Con., Def. C-S, and Comm. AWF Q9,889
4 " Defining cost saving 83.333
5 " Improvement of planning & control 66.667
1 PERT Defining cost saving ©9.952
2 " Improvement of planning & control ’ 77.778
1 PND Impr: of Pl. & Con. & Def. cost saving 99.988
2 " Def. cost saving & Impr. of Comm. AWF 29.776
3 " All categories listed under the factor 99.667
4 " Improvement of planning & control 66.€667
(Small Firms PRank)
1 CPM  Impr. of Pl. & Con. & Def. cost saving 99.952
2 " Imp. of Pl., Con., DNef. C-8, and Comm. 99.552
3 " All categories listed under the factor €6.667
4 " Impr. of Comm. among work forces 33.333
1 GRC Impr. of Pl. & Con. & Def. cost saving . 99,9g8
2 " Imp. of Pl., Con., Def. C-S, and Comm. . Q0,886
3 " All categories listed under the factor ) 29,553
4 " Irprovement of planning & control 6€.667
1 PND Impr. of Pl. & Con. & cost saving 83.333
2 » All categories listed under the factor 66,667




Table 4.26 :

Mean Rank of Criteria of Measuring the Successful

Implementation of the SET for the three Test Groups

according to (SUC IND).

Pank SFET Categories under the Criteria of Pelative Success
fuccessful Index(%)
(Large Firms Rank)
1 CPM Def. cost saving & Impr. of Comm. AWF 29.988
2 " All categories listed under the factor 29.776
3 " Impr. of Pl. & Con. & Pef. cost saving 80.952
4 " Improvement of planning & control 75.000
S " Imp. of Pl., Con., Def. C-S, and Comm. AWF 73.333
1 GBC Achieved other benefits (a) 99.958
2 " Cef. cost saving & Impr. of Comm. AWF 99.776
3 " Imp. of Pl., Con., Def. C-S, and Comm. AWF 87.879
4 " Improvement of plannina & control 83.333
5 " Impr. of Pl. & Con. & cost saving 83.222
€ " Impr. of Comm. among work forces €6.667
1 PEPT Defining costr saving 99.879
2 " Impr. of Pl. & Cen. & Def. cost saving 99.885
3 " Def. cost saving & Impr. of Comm. AWF 99.776
4 " Improvement of planning & control 77.778
S " Imp. of Pl., Con., Def. C-8, and Comm.AWF €66.667
1 PND Defining cost saving 99.988
2 " Def. cost sa ing & Impr. of Comm. AWF 99.776
3 " All categories liste under the factor 99,063
4 " Improvement of planning & control €6.667
S " Impr. of Pl. & Con., Def. cost saving €6.556
(S " Imp. of Pl., Con., Def. C-S, and Comm. AWF 66.333
(Medium Firms PRank)
1 CPM Defining cost saving 99,988
2 " Impr. of Pl. & Def. Cost saving ©9.952
3 " Def. cost saving & Impr. of commun. 99.776
4 " Improvement of Plannin control 21.667
5 " Imp. of Pl., Con., Def. C-S, and Comm. AWF €66.567
1 GBC Improvement of planning & control 99.778
2 " Impr. of Pl. & Con. & Def. cost saving 99.663
3 " Def. cost saving & Impr. of Commun. 99.83
4 " Imp. of Pl., Con., Def. C-S, and Comm. AWF 28.889
5 " Pefining cost saving 88.333
1 PFRT Improvement of planning & control 88.889
- " Pefining cost saving 66.667
1 PND Impr. of Pl. & Def. cost saving 99.889
2 " Def. cost sa ing & Impr. of Comm.AWF 99.776
3 " All categories listed under the factor 99.665
4 " Improvement of planning & control 66.667
(Small Firms Rank)
1 CPM Impr. of Pl. & Con. & Def. cost saving 83.333
2 " Irp. of Pl., Con., Def. C-S, and Comm. AWF 83.222
3 " Impr. of Comm. among work forces €6.667
a " Rll categories listed under the factor 66.567
1 ©GPC Impr. of Pl. & Con. & Def. cost saving 29,889
2 " Rll categories listed under the factor 99.776
3 " Imp. of Pl., Con., Def. C-S, and Comm. 83.333
4 " Improvement of planning & control AWF €66.667
1 PND  Impr. of Pl. & Con. & Def. cost saving 29,985
2 " Rll categories listed under the factor 66.667
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among the other catcgories, but large firms regarded defining cost saving
category as thc highest. It is surprising that thcy did not regard the
improvement of planning and control with it. The rest of the factor cat-

cgories importance indices are shown in Table 4.25.

Success indices for measuring the same successful criteria are illus-
trated in Tablec 4.26. Only large firms regarded the improvement of com-
munication among work forces as having the highest importance. All of
the firms agreed on the primary importance of defining cost saving, but
small firms added another factor which is the improvement of planning
and scheduling; this latter is for the CPM technique. For the GBC tech-
nique, large firms are different from the other two groups and for small
firm improvement of planning and control as important as defining cost
saving. For the PERT method, defining of cost saving category reserved
the highest rank by large firm, while improvement of planning and sched-
uling has the first important rank by medium groups. Small and medium
firms agreed to the priority of improvement of planning and control plus
cost saving and it carries the highest index, but large firms regarded defin-
ing cost saving as of the highest importance. By all firms (as shown in
Table 4.27) for CPM, PERT and PND, the defining of cost saving catego-
ries have the first importance; for GBC all firms added another category
which is improvement of communication among work force. The success
indices of all firms are shown in Table 4.28. The results that follow in a
later section are based on reasons of success shoﬁld be viewed with these

facts in mind.
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Table 4.27: Mean Rank of Criteria of Measuring the Successful
Implementation of the SET for the Total Surveyed
Population according to (IM IND).

Pank SET Categories under the Criteria of Relative Importance
Successful Index(%)

1 CPM Defining cost saving 99.985
2 " Def. cost saving & Impr. of Commun. AWF 99.952
3 " Imp. of Pl., Con., Def. C-S, and Comm. 99.889
4 " Impr. of Pl. & Con. & Def. cost saving 94.872
5 " All categories listed under the factor 83.333
6 " Improvement of planning § control 82.222
7 " Impr. of Comm. among work forces 33.333
1 GBC Def. cost saving & Impr. of Commun. 99.778
2 " All categories listed under the fartor 99.667
3 " Imp. of Pl., Con., Def. C-S, and Comm. 97.917
4 " Imp. of Pl. & Con. & Def. cost saving 93.333
5 " Defining cost saving 83.333
6 " Improvement of planning & control 81.250
7 " Impr. of Comm. among work forces : 66.667
8 " Achieved other benefits (a) 66.557
1 PERT Defining cost saving 99.667
2 " Def: cost saving & Impr: of Comm. AWF 99.563
3 " Imp. of Pl., Con., Def. C-S, and Comm. AWF 99.553
4 " Impr. of Pl. & Con. & Def. cost saving 88,889
5 " Improvement of planning & control 77.778
3] " All categories listed under the factor 66.667
1 PND Defining cost ssaving 99.952
2 " Pef. cost saving & Impr. of Comm. AWF 99.889
3 " Irp. of Pl., Con., Def. C-S, and Comm. AWF 99,776
4 " All categories listed under the factor 99.553
S " Impr. of Pl. & Con. & Def. cost savine /8 889
(3 " Improvement of planning & control 66.667

Where: (Def)

= Defining (a) Other benefits such as :
(Impr) = Improvement ~ define responsi“ility and
(Con) = Control authority
(C-5) = Cost Saving = Control over change order.
{ Comm) = Communication = Adjusted planned to actual.
(A.W.F.) =

Among Work Force - Tool of evaluation of the al-
: ternati es. ) .
-~ Clear gap between the estima-
ted to actual.
= Imp. Comm. with client...et~.
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Table 4.28 { Mean Rank of Criteria of Measuring the Successful
Implementation of the SET for the Total Surveyed
Population according to (SUC IND).

Rank SET Categories under the Criteria of Pelative Success
Successful Index($%)

1 CPM Defining cost saving 99.985
2 " Def. cost saving & Impr. of Comm. AWF 99.889
3 " Impr. of Pl. & Def. cost saving 84.615
4 " All categories listed under the factor 83.333
5 " Improvement of planning & control 75.556
6 " Imp. of Pl., Con., Def. C-S, and Comm. AWF 75.000
7 " Impr. of Comm. among work forces 66.667
1 GBC Achieved other benefits (a) 99.776
2 " All categories listed under the fartor 99.665
3 " Def. cost saving & Impr. of comm. AWF 94.444
4 " Imp. of Pl., Con., Def. C-S,and Comm. AWF 87.500
5 " Impr. of Pl. & Con. & Def. cost saving 86.667
6 " Improvement of planning & control 85.417
7 " Defining cost saving ' 83.333
8 " Impr. of Comm. among work forces 66.667
1 PERT Impr. of Pl. & Con. & Def. cost saving 99.667
2 " Def. cost saving & Impr. of Comm. AWF : 29.553
3 " Improvement of planning & control 83.333
4 " Defining cost saving 83.333
) " Imp. of Pl., Con., Def. C~S, an Comm. AWF 66.667
6 " All categories listed under the factor €6.667
1 PND Definin cost saving 99.889
2 " Def. cost saving & Impr. of Comm. AWF 99.776
3 " All categories listed under the factor 99.663
4 " Impr. of Pl. & Con. &Def. cost saving 77.778
5 " Improvement of Planning & control 66.667
6 " Imp. of Pl., Con., Def. C-S, and Comm. AWF 66.553

Where: (Def) = Defining (a) Other benefits such as :
(Impr) = Improvement - define responsibility and
(Con) = Control authority
(C-Ss) = Cost Saving = Control over change order.
(Comm) = Communication - Adjusted planned to actual.
(A.W.F.) = Among Work Force = Tool of evaluation of the al-
ternatives.

- Clear gap between the estima-
ted to actual. ’
~ Imp. Comm. with client...etc.
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The agreement between all sized contractors have been measured by
using the thrce correlation cocfficients. The highest avcrage correlation

cocfficient between groups for the Spearman correlation is “the criteria of

success” which is rsf (criteria) = 94.67%. For multiple correlations, the
highest average is for the factor “measuring success”, is rMX (criteria) =

96.00%. For partial correlation the value is rps(— (criteria) = 48.00%.

The highest average ratio among them indicate a high degree of agreement
between different parties. The computation of Spearman ranks correla-
tions of criteria of measuring successful SET application are shown in
Appendix B - Table B-3. The graphical representation of the results
related to the above factor are illustrated in Appendix - B Figures B-7, 8

and 9.
4.4.1 Success Factors of SET Implementation

One of the objectives of this study is to attempt to identify contrac-
tors which have “very successful” utilization of the methods and to pin-

point the reasons why. The respondents were asked to indicate the major

reasons for success. In this case, the reason most often cited was “good top

management plus good training of personnel plus good computer pro-
grams”. Also, good top management support came in a close second. All
of categories listed under the factor of causes of success was comihg the
third frequent category. The fourth is the good support for personnel
" using the system. Some respondents added under the “other” categories

some reasons of success such as obtaining good support from a bank
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(financial improvements), good support from suppliers, and using field
proven program. The distribution of respondents associated with each cat-

cgory is illustrated in Table 4.29.

Clients and contractors should fully know the method which is to be
uscd and have a decp understanding of what is required for such methods.
Some respondents blamed the procedure of the techniques themselves. The
results of this examination and opinions mentioned by the firms tend to
support top management’s views about what is actually happening with
the other managers when applying SET in their firms. Large firms ranked
“Good training of personnel” as the highest importance for both CPM and
GBC, while ranking “good top management support” as the first impor-
tance for both PERT and PND. Medium firms regarded “good support
for personnel” as the first degree for all methods except PND. All the
three test groups differs from each other for reason of success per each
method except only large and small firms agree only of the categories
which occupied the first rank “good top management support” for PND

method.

The presentation of both the mean rank for reasons of success
according to importance and success indices are shown in Tables 4.30 and

4.31 respectively. All the respondents agreed on that “good training of per-

sonnel” has the first importance for CPM, PERT and GBC and it is not

found significant for the PND technique. On the other hand, according to
the success index analysis, all firms agreed on that "Good top management

support” is the first degree for PERT and PND methods. The importance
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Table 4.30: Mean Rank for Reasons of Success of SET Implementation
by the Three Test Groups according to Importance Index.
Fank SFT Categories under the Reasons of Success Felative Importance
Index (%)
(Large Firms PRank)

1 CPM  Cood training of personnel 99.952
2 " Good top Manag.,Tra. & support of Peer. 99.667
3 " All categories listed under the factor 93.333
4 " Good top management support 20.476
5 " Good training & support of personnel 83.333
6 " Good support for Pers. using system 77.778
7 " Cood top Manag., Tra. & Comp. program 75.000
1 GBC Cood training of personnel 29,889
2 " Cther reasons 99.776
3 " All categories listed under the fartor 99.558
4 " Good training & support of personnel 99.536
5 " Good top Manag., Tra. & support of Per. 95.238
6 " Good top management support 93.663
7 " Good support for Pers. using system ©3.333
9 " CGood computer program 66.667
1 PEFT Good top management support 99.667
2 "  Good support for pers. using system 29.665
3 " Cther reasons ©9.555
4 " Good training & support of personnel 99.500
5 " Good topManag., Tra. & Comp. program 83.333
(] " Cood training of personnel 66.667
1 PND Good top management support 29.952
2 " All categories listed under the factor 99.889
3 " Goed top Manag.,Tra. & Com. Program 88.889

(Medium Firms PRank)
1 CPM Good support for Pers. using system 99.952
2 " Other reasons 99.888
3 " Good top Manag., Tra. & Co p. program 29.776
4 " Good top Manag., Tra. & support of Per. 99.667
5 " All categories listed under the factor 99.556
6 " Good training & support of personnel 99.535
7 " Good top management support 88.889
1 GRC Good support for Pers. using system 99.889
2 " Good top Manag., Tra. & Comp. program 99.776
3 * All categories listed under the factor 99.667
4 " Good training & support of personnel 99.556
5 " Good top management support 66.667
6 " Good top Manag., Tra. & Support of Per. 50.000
1 PEPT Good support for Pers. using system 99.950
2 " All categories listed under the factor 99.555
3 "  Good top management support €6.667
4 " Good top Manag., Tra. & Comp. program 66.333
1 PND All categories listed under the factor 29,667
2 " Good training & support of personnel 99.533
3 " Good top Manag., Tra. & Comp. proaram 66.667

(Small Firms Pank)
1 CPM Cood top Manag., Tra. & support of Peer. 83.687
? " All categories listed under the factor 83.333
3 " Good top management support . . 77.778
1 GBC All categories listed under the factor 90,889
2 " Good top management support 88.889
3 " Gocd top Manag., Tra. & support of Per. 66.667
1 FND Cood top management support oa.pg0
2 " CGood top Manag., Tra. & support of Per. 66.667
3 " All categories listed under the factor 66.657
4 " Good Training & support of personnel 66.647




Table 4.31:Mean Rank for Reasons of Success of SET Implementation
by the Three Test Groups according to Success Index.

Pank SFT Categories under the Peasons of Success Pelative Succeess
Index (%)
(Large Firms Pank) ’
1 CPM  Good top Manag., Tra. & supportk of Per. 99.889
2 " CGood top management support 90.476
3 " Good top Manag., Tra. & Comp. program 75.000
4 " All categories listed under the factor 73.333
5 " Good training of personnel 66.667
6 " Cood support for Pers. using system 66.383
7 " Good training & support of personnel 50.000
1 GBC Other reasons 99.952
2 " All categories listed under the factor 99.889
3 " Good top management support 93.333
4 " Cood top Manag., Tra. & support of Per. 90.476
S " Good training of personnel 88.889
) " Good support for Pers. using system 86.667
7 " Goed top Manag., Tra. & Comp. program 83.333
8 " Good computer program €6.667
e " Good trainin~ £ support of personnel 66.333
1 PERT Good top management support 92.667
2 " Other reasons 99.553
3 " Good top Manag., Tra. & Comp. program 99.500
4 " Good training of personnel 66.667
5 " Good support for Pers. using system 66.557
6 " Good training & support of personnel 66.833
1 PND Good top management support 49.952
2 " Good top Manag., Tra. & Cormp. Program 83.667
3 " All categories listed under the factor 83.333
(Medium Firms Rank) )
1 CPM Good support for Pers. using system 99.952
2 " Other reasons 99.889
3 " Good top Manag., Tra. & Comp. program 99.776
4 " Good top Manag.,Tra. & support of Per. 40.667
S " All categories listed under the factor 99.556
6 " Good top management support 88.889
7 " Good training & support of personnel 83.333
1 GPC Good top management support 99.889
2 " Good support for Pers. using system 99.776
3 " All categories listed under the factor 99.667
4 " Good training & support of personnel 99,553
5 " Good top Manag., Tra. & Comp. program 83.667
6 " Good top Manag., Tra. & support of Per. 83.333
1 PERT Good top management support ©29.889
2 " All categories listed under the factor 99.667
3 " Good support for Pers. using system 66.667
4 " Good top Manag., Tra. & Comp. program €6.333
1 PND All categories listed under the factor 99.889
2 " Good training & support of personnel 99.776
3 " Good top Manag., Tra. & Comp. program 66.667
(Small Firms Fank)
1 CPM  Rl)l categories listed under the factor .83.333
2 "  Good top management support ) 77.778.
3 " _Good top Manag., Tra. & support of Per. 66.667
1 GBC All categories listed under the factor 92,952
2 "  Good top management support 77.778
3 " Good top Manag., Tra. & support of Per. 66.667
1 PND Good top management support 99.667
2 " Good training & support of personnel 29.556
3 " Good top Manag., Tra. & support of Per. 66.6€7
4 " All catecories listed under the factor €6.333
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Table 4.32: Mean Rank for Reasons of Successful of the SET Implemen-~

tation of the Total Surveyed Population according to both
(IM IND) & (SUC IND)

Pank SET Categories under the Peasons of Success TM TIND (%)
1 CPM  Good training of personnel 99.952
2 " Other reasons . 29.889
K] " Good top Manag., Tra. & support of Per. 94.444
4 " All categories listed under the factor 92.593
S " CGood training & support of personnel : 91.667
6 " Good top management support 86.667
7 " Good support for Pers. using system 86.553
] " Good top Manag., Tra. & Comp. program 83.333
1 GEC Good training of personnel 99.889
2 " Other reasons 99.818
3 " All categories listed under the factor 99.776
4 " Good training & support of personnel 99.667
S " Good support for Pers. using system 95.238
6 " Good top Manag., Tra. & Comp. program 93.238
7 " Good top management support 87.179
8 " Good top Manag., Tra. & support of Per. 81.818
) " Good computer program 66.667
1 PERT Good support for Pers. using system 99.952
2 " Other reasons 29.889
3 " Good top management support 91.667
4 " All categories listed under the factor 83.667
5 " Good training & support of personnel 83.333
6 " Good top Manag., Tra. & Comp. program : 77.778
7 " Good training of personnel 66.667
a " Good top Manag., Tra. &support of Per. 66.333
1 PND Good top management support -29.776
2 " All categories listed under the factor 99.667
3 " Good training & support of personnel 99.553
4 " fo0d top Manag., Tra. & Comp. program 80.600

SUC IND (%)
1 CPM Other reasons ©99.952
2 " Good top Manag., Tra. & support of Per. 88.889
3 " Good top management support 82.222
4 " All categories listed under the factor 81.481
S " Good top Manag., Tra. & Comp. pProgram 77.778
6 " Good support for Pers. using system 73.333
7 " Good training of personnel 66.667
8 " Good training & support of personnel 66.333
1 GBC Other reasons 99.889
2 " All categories listed under the factor 99.776
3 " Good top management support 89.744
4 " Good training kof personnel 88.889
5 " Good support for Pers. using system - 85.714
6 " Good top manag., Tra. & support of Per. 84.°48
7 " Good Training & support of personnel 83.333
8 " Good top Manag., Tra. & Comp. program 80.000
9 " Good computer program 6€.667
1 PERT Good top management support 99,952
2 " Cther reasons 99.889
3 " Good top Manag., Tra. & Comp. program ee.889
4 " All categories listed under the factor . 83.667
S " Good training & .support of -personnel T 83,333
6 " Good training of personnel 66.667
7 " Good support for Pers. using system 66.556
| " Good top Manag., Tra. & support of Per. €6.533
1 PND Good top management support 99.776
2 " Good training & support of personnel 29.535
3 " Al1 categories listed under the factor 91.667
4 " Good top Manaa., Tra. & Comp. program 75.000




182

and success indices of all categories associatcd with each method were illus-

trated in Tablc 4.32.

The correlation results have been obtaincd by using the Spearman,

partial and multiple correlations. The average agreement between all sized

firms for success factors of SET implementation are, rs-)z (success factors)

= 92%, rpi = 46%, and r,, X = 95%. The second highest average ratio

of the partial correlation is the average of success factors of SET imple-
mentation among the other factors tested. The computation of Spearfnan
ranks correlations of success factors are shown in Appendix B - Table B-4.
The schematic representation of the results of the three types of correlation
ratios associated with the above factor are demonstrated in Appendix B -

Figures B-10, 11, and 12.
4.4.2 Factors for SET Spurious Application

The participating contractors assessed the reasons behind the poor
utilization of the SET techniques for planning and scheduling. The results
indicate that, about 24% thought that the reasons for failure is the “lack of
top management support”. About 20% of the respondents indicated “all
of the factors”. A small number of respondents regarded poor computer
programs and poor training of personnel as the lowest responses and
20.90% of firms listed other reasons such as the need for specialized per-
sons to use the system, using a cpmplicated program which is not field
proven, neediﬁg more complicated assumptions, and the difficulty of both

parties to understand the technique and procedures. One of the key bits of
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information added one major reason of lack of success, being that opcra-
tions people do not want to train for the use of these systems. The distri-
bution of respondents associated with each category is illustrated in Table
4.33. It is intcresting to obscrve that lack of support from pcople plus poor
training of personnel scems to be an important factor for large and small
firms who use the CPM method, yet it is not given much importance by
medium firms. Also, large and small firms regarded lack of top manage-
ment support as the first degree factor in the GBC method, where it is
ranked in second place by medium firms. None of the firms agreed on the
first rank for PERT or PND. The meanv value rank of reasons of failure is
shown in Tables 4.34 and 4.35. As for as the factor is concerned, it may
be noted that there is agreement between the fest groups when the ranking

is done according to the success index.

For CPM and GBC techniques, “lack of support of personnel and
poor training of personnel” category occupied the highest rank by all firms.
Poor training of personnel only got the first rank by all the firms for
PERT, while the first place rank for PND by all firms is the lack of top
management support. Consequently, the results of the mean values of
rank according to the success index shows that both CPM and GBC have
the same factor on the important index, and PERT plus GBC stated that
lack of top management support which has the primary reason for failure.

The importance and success indices which are ranked by all firms are illus-

trated in Table 4.36.

The agreement betwecen the three sized groups which have been




Table 4.34:

Mean Rank for Reasons of Failure of the SET Implemen-
tation of the three Test Groups according to importance

Index.
Pank SET  Categories under the Peasons of Failure Pelative Importance
Index (%)

(Large Firms Pank)
1 CPM lack of Sup. F. Peo. & Po-Tr. of Per. 22.952
2 " Lack of top Mgt. Sup. & Po-Tra. of Per. 99.889
3 " Lack of top management support 95.238
4 " All categories listed under the factor 93.333
5 " Other reasons 91.667
6 " Lack of Support from people 66.RR7
7 " Poor training of personnel 66.333
1 GBC Lack of Top management support 29,667
2 " Lack of Sup. F. Peo. & PO-Tra. of Per. 99.553
3 " All categories listed under the factor 99.533
4 " Lack of support from people 93.333
5 " Other reasons 88.289
A " Poor training of personnel 83.333
1 PERT Lack of Sup. F. Peo. & PO-Tra. of Per. 99.889
2 " Lack of Top Management support 88.889
3 " Other reasons 88.667
4 " Lack of top Mgt. Sup. & PO-Tra. of Per. 6€.667
1 PND Lack of top management support ’ 99.889
2 " Lack of top Mgt. Sup. & PO-Tra. of Per. 99.776
3 " Other reasons 88.889

(Medium Firms Rank)
1 CPM Other reasons 99.889
2 " Lack of top Mgt. Sup. & PO-Tra. of Per. 99.776
3 " All categories listed under the factor 99,667
4 " Lack of top management support 21.6€7
1 GBC lack of Sup. F. Peo. & PO-Tra. of Per. 99.952
2 " lack of top Mgt. Sup. & PO-Tra. of Per. 99.889
3 " All categories listed under the factor 99.776
4 " Lack of top management support 83.667
5 " Othr reasons : 83.333
6 " Lack of support from people 50.000
1 PERT Poor training of personnel 99.776
2 " All categories listed under the factor 99.667
3 " Lack of top mana ement support 66.667
4 " Other reasons 66.333
1 PND All categories listed under the factor 99.889
2 " Other reasons 83.333

(Small Firms Rank)
1 CPM 1ack of Sup. F. Peo. & PO-Tra. of Per. 99.532
2 "  lack of top Mgt. Sup. & PO-Tra. of Per. Q9 500
3 " Lack of top management support 95.238
4 v All categories listed under the factor ©3.333
5 "  Other reasons 91.667
€ " Lack of support from people €6.667
7 " Poor training of personnel €66.333
1 GRC Lack of top management support ) 29.889
2 " Lack of Sup. F. Peo. & PO-Tra. of Per. 99.776
3 " All categories listed under the factor 29.667
4 " Lack of support from people 03.333
S " Other reasons 88.889
€ " Poor training of personnel 83.333
1 PND Lack of Sup. F. Peo. & PC~Trea. of Per. 29.776
2 " Lack of top management support £8.889
3 "  Cther reasons RE.667
4 " __Lack of top Mgt. Sup. & PO-Tra. of Per. €6.667

185



Table 4.35:

Mean Rank for Reasons of Failure of the SET Implemen-
tation of the three Test Groups according to Success

Index.

Pank

SET

Categories under the Peasons of Failure

Relative Success
Index (%)

(Large Firms Pank)

1 CPM lack of top Mgt. Sup. & PO-Tra. of Per. 99.889
2 " lack of top management support 85.714
3 " Lack of support from people 75.333
4 " Other reasons 75.000
S " All categories listed under the factor 73.333
6 " Poor training of personnel 66.667
7 " Lack of sup. F. Peo. & PO-Tra. of Peer. €6.333
1 GBC All categories listed under the factor 91 RR7
2 " Lack -f top management support 88.889
3 " Other reasons £8.667
4 "  Lack of support from people 86.667
S " Poor training of personnel 83.333
6 " Lack of Sup. F. Peo. & PO-Tra. of Per. 77.778
1 PERT lack of top management support £8.889
2 " Cther reasons 88.667
3 " Lack of Sup. F. Peo. & PO=-Tra. of Per. 66.667
4 " Lack of top Mgt. Sup. & PO~Tra. of Per. €6.333
1 PND Lack of top management support 99.952
2 " Lack of top Mgt. Sup. & PO-Tra. of Per. 99.889
3 " Other Reasons 83.333
(Medium Firms Rank) .
1 CPM lack of top Mgt. Sup. & PO-Tra. of Per. 99.776
2 " All categories listed under the factor 99.667
3 " lack of top management ‘support ©1.667
4 "  Other reasons 83.333
1 CZC Lack of Lop management support 99.957
2 " Lack of support from people 49.889
3 " Lack of Sup. F. Peo. & PO-Tra. of Per. 99.776
4 " lack of top Mgt. Sup. & PO-Tra. of Per. 99.667
5 " All categories listed under the factor 99.553
6 "  Other reasons - 66.667
1 PEFT Lack of top management support 99.889
2 " All categories listed under the factor 99.776
3 " Poor training of personnel €66.667
4 "  Other reasons 66.833
1 PND All categories listed under the factor 99.952
2 "  Other reasons 83.333
(Small Firms Rank) .
1 CPM lack of top Mgt. Sup. & PO-Tra. of Per. 99.952
2 " Lack of top management support 85.714
3 " lack of support from people 75.333
4 "  Othewr reasons 75.000
5 " All categories listed under the factor 73.333
6 "  Poor training of personnel 66.667
7 " Lack of Sup. F. Peo.& PO-Tra. of Per. 66.333
1 GEC All categories listed under the factor 91.667
2 " Lack of top management support .88.889
3 " Cther reasons . . 88.667
4 " Lack of support from people 86.667
.5 " Poor training of personnel 83.333
6 " Lack of Sup. f. Peo. & PO-Tra. of Per. 77.778
1 PND Lack of top management support 88.889
? " Cther reasons 88.667
3 " Lack of Sup. F. Peo. & PO-Tra. of Per. 66.667
4 ? _Lack of top Mgt. Sup. & PC-Tra. of Per. 66.333
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Table 4.36:

Mean Rank for Reasons of Failure of the SET Implementation

of the Total Surveyed Population according to both

(IT™ IND) & (SUC IND)

Pank SET Categories under Reasons of Failure IM IND (%)
1 CPM Lack of Sup. F. Peo. &PO-Tra. of Per. 99.889
2 " Lack of top management support 24.872
3 " All categories listed under the factor 92.593
4 " Other reasons 20.476
5 " Lack of support from people €6.667
6 v Poor training of personnel €6.333
1 GBC Lack of top Mgt. Sup. & PO-Tra. of Per. 99.889
2 " All categories listed under the factor 99.776
3 " Lack of top management support 95.238
4 " Lack of Sup. F. Peo. & PO~Tra. of Per. 93.333
5 " Lack of support from people 85.185
6 " Other reasons 83.333
7 " Poor training of personnel 77.778
8 " Poor training of Per. & Cop. progranm 66.667
1 PERT Poor training of personnel 99.952
2 " Lack of top management support 86.667
3 " Lack of Sup. F. Peo. & PO~-Tra. of Per. 83.667
4 " All categories listed under the factor 83.333
) " Other reasons 80.000
6 " ILack of top Mgt. Sup. & PO-Tra. of Per. 66.667
1 PND Lack of top management support 92.776
2 " Lack of top Mgt. Sup. & PO~Tra. of Per. 99.667
3 " All categories listed under the factor 99.553
4 " Other reasons 86.667
5 " Poor training of Per. & Cop. program 66.667

SUC IND (%)
1 CPM Lack of top Mgt. Sup. & PO-Tra. of Per. 93.333
2 " Lack of top management support 87.179
3 v All categories listed under the factor 77.778
4 " Cther reasons 76.120
5 " Lack of support from people 72.222
6 " Lack of Sup. F. Peo. & PO-Tra. of Per. €6.667
7 " Poor training of personnel 50.000
1 GBC 1lack of top Mgt. Sup. & PO-Tra. of Per. 29,952
2 " All categories listed under the factor 92.593
3 " Lack of Top management support 90.476
4 " Lack of support from people 88.889
5 " Poor training of personnel 88.667
6 " Lack of Sup. F. Peo. & PO-Tra. of Per. 80.000
7 " Cther reasons 77.778
8 " Poor training of Per. & Cop. program 66.667
1 PFRT Lack of top management support 93.333
2 " Lack of Sup. F. Peo. & PO-Tra. of Per. 83.667
3 " Rll categories listed under the factor 83.333
4 " Cther reasons 80.000
s " Poor training of personnel , 66.667
6 " Lack of top Mgt. Sup. & PO-Tra. of Per. 66.333
1 PND Lack of top management support’ 29.889
2 " Lack of top Mgt. Sup. & PO-Tra. of Per. 99.667
3 " All categories listed under the factor 29,553
4 " Cther reasons 83.333
5 " Poer training of Per. & Cop. program 66.667
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mcasurcd by the three types of correlations which include Spcarman, par-

tial and multiple correlations. The average agreement between all sized

contractors for factors spurious SET application are r, X (factors of failure)

= 93%, rj = 49%, and r, X = 89%. The first highest average agree-
ment among the other factors of the partial correlation is the one of the
factors of spurious SET application. This indicates a clea.rer agreement
between parties than the other. The computation of Spearman ranks cor-
relation of factors of spurious SET applicafion are illustrated in Appendix
B - Table B-5. The graphical representation of the above factors results
are shown in Appendix B - Figures B-13, 14 and 15.
4.5  Hypothesis Testing of the Significance of the Correlation Coefficient

Ratio r

The correlation coefficients tested here includes Pearson, Spearman,
partial and multiple correlations. The statistical test used here is the t-test
through the tﬂree sized contractors indicating the significance of the rela-
tionship between two parties. It used to find out among the three groups

who generally agree on the importance index of categories under each fac-

tor per technique, which have been analyzed earlier.

The hypothesis will be tested by comparing the calculated value of t
with the critical test value. The obtained r is merely a chance deviation in
the sampling distribution in which the population R is zero (H: R = 0).
It.is defined as the ratio of.a deviation to a standard deviation. The stan-

dard error of the mean or the (r) which is obtained by using the following
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formula :
[—2
S, = _\_/—__'s_ 4.1
N-2
== r — p
t S, (4.2)
Where:

S,, = Standard error when R is assumed to be zero.
N = Number of pairs used in computing r.

p = The population correlation which has zero value as stated by

the null hypothesis.

Thus,
J1 — (0.889)
s, Y1 —O889)  _ 509994
23 -2
0.884
tg = = 8.84
“l 0.0999 .
tuwe = 2.069 (from t table for a = 0.05,
d; = N-2 = 23-2 = 2] and a two tailed test.
Hypothesis:

H, = The test groups do not agree on the importance index rank of
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the categories per factor.

H, = The test groups agree on thc importance index rank.

This test is most suitable when N is large. Generally, the hypothesis
will be tested by comparing the calculated value of t with the critical test
values. The null hypothesis states that the value of R is equal to zero.
The degree of frcedom is (N-2); significance is set at the 5 percent level.
The null states that no correlation exisis between the test groups, which
means that they do not agree on the importance index rank of all catego-
ries under each factor and that they differ in their responses. The result of
the calculation of the standard error of r are illustrated in Table 4.37.

The test used in this thesis is the t-test which is suitable for the sam-
ple size encountered in this analysis. The standard error for the value of t

computed by the following formula :

t = —— n—2 (4.3)
1-r2
Where:
r = Correlation coefficient of all correlations
t = t-statistics.

N = Number of pairs used in computing r.

The r values present for all types of correlation either spearman,
partial or multiple, for each method per each factor and the result of t-val-

ues are demonstrated in Table 4.37.
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Table 4. 37 : T-Values of the Hypothesis Test of Factors Categories
(All Techniques)

CORRELATION COEFFICIENT SPEARMAN PARTIAL MULTIPLE
FACTOR N[ OF [Seo | Ty Ty [T3 T4 |Ts | Te |T; |Tg | Tg

Aspects of

Utilization 27 25 10.2|8.8] 9.8{17.1]0.6 ] 5.4(7.4 9.817.1120.0

User's Level of
Utilization 23 | 2110.2]8.7]9.5{13.9/1.0( 2.1|5.4 | 9.503.9{i5.7

Criteria of
Success 29 27 10.2 15.8(12.7|16.8{6.6} 1.216.8 16,&21.4 17.1

o
.

n DU R .
WCASOnG L

Success 29 | 27 {0.2{13.1]10.1/15.8]3.8} 0.3]5.6 13.118.6]15.8

Reasons of

Failure 25 23 10.212.1]12.1]13.2 2.4 2.4(3.2 | 9.4110.5] 8.9
Where:
= No. of apirs computed for (r) TA = t value at r(LM)S
DF = Degree of Freedom B T. = t val ¢
o Standard error at R=0 S value a r(LS)M
0.0s" t-stastics at 0.05 level of Tg = tvalue at rg,
‘ significance T, = t value at r
. - 7 (L)MS
= t value at T
1 LM Tg = t value at *MLs
2 = t value at rLS
T, = t value at r
3

= t value at rMS . 9 (S)LM
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Decision Rule

Since the critical test value t = 2.069 (from t-statistic distribution
for a = 0.05, Df = N-2 = 21), and the calculated values of t exceed the
tabulated valucs, we can reject the null hypothesis at the 0.05 level of sig-
nificance and conclude that the thrce firm groups agree on the rclative
importance index and the relative success index of factor categorics related

to the SET.

The analysis of variance among the three groups is conducted in this
thesis. The general formula for determining the number of combination

N(N-1)
2

tests to be made by taking the groups two at a time, is where N is

the number of groups. In this study there are three groups and the possi-
ble number of tests would be 3 (3-1)/2 which is equal to 3. The variation
of the group means of all groups is referred to as between groups variance.
The average variability analysis is referred to as within-group variance.
The test of significance of the difference of the abovementioned types is
computed by using the F-test.
4.6  The Differences Among The Three Sized Groups by

Variance Analysis

The single classification analysis of variance (referred to Bartlett
(1937), Cochran (1947) and Edwards (1968, 1960)) represents the interac-
tion for comparing subsamples and the statistical design estimates of vari-
ance dﬁé to the treatment of interaction. This analysis generally tests the

null hypothesis of no difference among the mean of the various groups and
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their variation.

(a) The Total Sum-of-Squares:

The total sum of squares could be determined by finding the devia-

tion and squaring and summing thesc variances. This is computed by the

use of the following formula :

2
=X = EX? - %‘— (4.4)

Where:

2X! = The total sum-of-squares

X! =2X! + =X, + X2

I

EX,f = The sum squared of variances for large firm group
ZXf,, = The sum squared of variances for medium firm group

EXé = The sum squared of variances for small firm group

N = The total number of cases for all groups.

By substituting the above equation by using the data in Table

(4.38), thus,

171.84%:
60

IX? = (397.47+199.86 +92.91) —
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= 690.24 - 492.15 = 198.09.

(b) The Variance Squares between sum-of-squares:

This step between various groups can be found by taking the mean
of cach group and squaring them and then multiplying each of these by
the number of individual cases in cach subsample (n). These can be

obtained by using the following formula :
IX; = (X — X)’n (4.5)
Where:

=X, = The sum of squares between various groups.

<l

= The mean valve of variance per group.

|

« = The mean value of all the three groups.

n = Total number of individual cases.
Thus,
IX; = (4.06-2.864) (20) + (2.81-2.864)% (20) + (1.72-2.864)? (20)
= 28.60 + 0.05832 + 26.175

= 54.833

The abovementioned value of (zxf,) will be used in the following calcula-

tions.
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(¢) The Within Sum-of-Squares:

The sum-of-squarcs within groups is found by using the following

cquation with the data in Tablc 4.38.
Lor group L = (Large Firms)

=Xy’

Evan, = ZX:. T T
L

_ _ (81.20°
397.470 5

= 397.470 - 329.672 = 67.798

For group M = (Medium Firms)

X,
XM = =Xy ~ ( n )
M
_ _ (56.16)°
199.860 T

199.860 - 157.697 = 42.163

For group S = (Small Firms)

TX)?
TXhs = X2 - ( nS)
S
_ . (34.48)
92.908 =5

92.908 - 59.444 = 33.465
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Table 4.38 Single Classification Analysis of Variance of the
Test Groups
172] [72] [72]
SEQ- Q o
cex- | 2| & = 5 2w | o (s%)
CE |[Z]| = R - A
1 1 5 3.84 3.84 3.84 14.746 14,746 14.7456
2 2 g 5.25 3.75 3.75 | 27.563 14.063 14.0625
3 3| 5 2.50 0.80 0.00 6.250 0.640 0.0000
4 4 4.67 2.62 1.48 | 21.809 6.864 2.1904
5 o 6.00 2.50 1.36 | 36.000 6.250 1.8496
6 2 § 7.50 3.75 2.40 | 56.250 14.063 5.7600
7 3 § 1.67 1.67 0.00 2.789 2.789 0.0000
8 4 3.50 0.67 0.70 | 12.250 0.449 0.4900
9 1 4.67 3.81 2.62 | 21.809 14,516 6.8644
10 | 2f w 4.67 1.48 2.62 | 21.809 2.190 6.8644
11 3 ; 1.69 3.28 0.00 2.856 10.758 0.0000
12 | 4f = 1.67 1.67 1.67 2.789 2.789 2.7889
13 1 6.00 6.00 1.36 | 36.000 | 36.000 1.8496
14 2| w 7.50 5.25 1.25 | 56.250 | 27.363 1.5625
15 3 . 4.67 2.62 0.00 | 21.809 6.864 0.0000
16 | & = 1.70 1.79 2.50 2.890 2.890 6.2500
17 1 4.67 2.62 3.81 21.809 6.864 14.5161
18 2| 4.67 4.67 2,62 | 21.909 | 21.809 6.8644
19 ) 2.67 2.67 0.00 7.129 7.129 0.0000
20 | of = 1.69 0.79 2.50 2.856 0.624 6.2500
Total 81.20 | 56.16 34.48 | 397.470 | 199.860 92.9084
EL = 4,06, iﬁ = 2.81, X5 =1.72 = 690.24
it = 2.864

e et r—————
Method # 1| = CPM
(S) - Successful

——

Method # 2 = GBC
(F) - Failure

Method # 3 = PERT Method # 4 = PND
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Summing for all three = 67.798 + 42.163 + 33.465 = 143.426

The variations of within sum-of-squares added to the between sum-

of-squares could result in the total of sum-of-squarecs.

X2

total

= 54.833 + 143.426 = 189.259

Degree of Freedom

Since there are 60 categories under all the five factors which have
been tested in this analysis and (N-1) is equal to (60-1) = 59 df. In large
firms, there are 20 categories, hence df = 19 for this group. However,
there are three groups. Then every one of them have 19 df. Then, it fol-

lows that there are 2 df for the groups.
df for total groups = Number of cases in total (N) minus 1.
df for between groups = Number of groups (K) minus 1.

df for within groups = Sum of the number of cases within each

subsample
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Table 4.39 : Analysis of Variance for the Three Test Groups

Source of df Sum-of- Mean-of*
Variation Squares Squares
Between groups 2 54.659 27330
Within groups 57 143,426 2.516
Total 59 198.085 29.846

* The mean square is equal the sum-of-squares divided by its
respective number of df.
Consequently, between and within mean-square are two estimates of the
population variance. The F-test is used here to test the difference between
two variances to conclude whether or not we should pool them. The anal-

ysis of variance listed in the above table (4.39) is evaluated by computing

the following F test :

F = Mean square for between groups
Mean square for within groups

(4.6)

_27.330
2.516

= 10.86

F ratios are figured by the use of the F-table and for this we g0 over to 2
df and down to 57 df. In that location, the critical value of F which is

needed for significance at 5 percent confidence interval is 3.162.
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Decision Rule

Sincc our obtained value is greater than F we rcject the null

(tabulated)?
hypothesis of no difference among these means at the 5 percent level of sig-

nificance.

Previously, we found that there were significant differcnces between
the means of variances. The next task is to figure out where the differ-
ences are. Winer (1971) and Scheffe (1957) introduce such methods to
compute the abovementioned difference. There are three variances, thus

giving thrce comparisons among them as follows :

L vs. M,L vs. S, M vs. S.

For each comparison between groups, the F ratio could be computed with

the following formula :

— —2

X, - X '
F = 5 L 2 4.7)
S, (N, +N,)/N,N,
Where:
F = F-statis
Y, = Mean of variance of group 1
-)Zz = Mean of variance of group 2
-2
S, = Mean square within groups

N, = Number of cases in group 1
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N, = Number of cascs in group 2
For Distribution of Large and Medium:

_ 2
Foo= o (406-28)" _ 15625 _., .,

(2.516)(40)/(20)(20) 0.2516

For Distribution of Large and Small:

— 2 )
(406—1.72)'  _ 5476 _, .,

F.. =
LS (2.516)(40)/(20)(20) 0.2516
For Distribution of Medium and Small;
2.81—1.72) 1.1881
Fo. = —X% - —4.722
MS  (2.516)(40)/(20)(20) 0.2516

The F-vahie at 5 percent level of significance for 2, 57 df is 3.162. This
value is multiplied by (K-1), where K is the number of groups. So we have
(3-1) (3.162) which equals to 6.324. At 1 percent. value of F for 2, 57 df
which is 4.998, is multiplied by (K-1) giving (2) (4.998) = 9.999. The
hypothesis is to compare the F,, ,F,( and F,, computed above with these
values of 6.324 and 9.999. One of them is larger than the 5 percent value
which equals to 21.763. This indicates the F-value computed between

groups of large firms and small firms.
Decision Rule:

Since 21.763 is gr'eatef than the value of F at either 5 percent or |

percent, then it follows that the mean of large firm differs significantly




201

from that of small firm at the cither 5 percent level or | percent levels and
there is small significant difference between cach of the other comparisons,

and we conclude that there is differcnce among these groups.
4.7 General Comments by Participating Contractors

The following is a sampling of thc many comments that were made.
Some comments have bcen selected to reflect the respondent’s description
of the Systematic Examination Techniques used by their organization.
These comments would assist and help to understand their firm’s imple-

mentation and evaluation.

l. “In our company, the major work is road and highway construction.
Scheduling turn out to be pretty simple and clear to the point that
sometimes it appears to be of small importance. This is due to the
fact that the number of different activities is very small and there

are almost no interface issues.”

2. “In street works or for structural works, the importance of schedul-

ing is véry clearly pronounced.”

3. “The material management and document management systems for
planning and scheduling were both developed in-house, run on PCs,
and oracle relational database which have proved to be the most

powerful and practical control tools on sizeable projects.”

4, "At present, we feel these methods are not useful for a small con-

tracting operation. We are always open for correction.”
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“Any firm which wants to have better control on planning and cost
must adopt one of the planning methods and train their personnel.
The main difficulty in realizing the importance of any one of these
mcthods is that after preparation of these charts, nobody takes care

of reviewing and taking benefits from these.”

“We started one year ago with Systematic Examination Techniques,
but we think, better knowledge of computer applications shall

improve our present situation.”

“The GBC, CPM and PERT methods must be implemented in any
construction firms in order to maintain the status and to be aware
of the projects going on before the unexpected happens. These are
very essential tools to monitor the project construction margin which

is cxpected Gefore any particular pioject starts.”

“PND method is a very fast and applicable tool that is mostly
implemented in our firm, but it depends on the computer programs
such as print-out, timeline and open-plan. It depends on the per-

sonnel using the system and the purposes of implementation.”

"GBC is a very simple and more understandable by workers and

labors because it does not require more training.”

“Based on our experience, we prefer using GBC for implementation
purposes because this can be easily understood by lower rank per-

sonnel at the site, while CPM is preferred when it comes to (I-J)
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sorting and cost sorting.”

"SET for planning and scheduling are most helpful in cost evalua-
tion,.work progress, matcrial procurement, equipment control and
subcontracting work on monthly basis. In addition, cash flow

charts provide a good support for scheduling the bank finance, bid

bond and performance bond.”

“We believe that the most important asp;:ct of any project control
method is that once a decision has been made to adopt any particu-
lar method, it must be wholeheartedly supported by top manage-
ment and all concerned with the imﬁlementation and operation of
the method. It is also important to accept the fact that no method,

no matter how good, is a substitute for good management.”

“CPM is only one of the tools that good management nay ulilice to

help ensure success.”

“Most methods, except for the Bar chart method, are too compli-
cated for the lower level of field personnel, so that most construction
companies try to get away from complicated methods, which makes

the GBC more popular than the other methods.”

“Construction middle management cannot understand difficult pro-
grams; hence, at the foreman/supervisory level, weekly and monthly
work load bar charts are issued to meet targets. However, CPM is

used by our planning engineer to overcome material shortfalls at job

continuity.”
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"Planning and scheduling systems that will be used for any project
depends on size, scope and complexity of the project itsclf. In fact,
the bar chart is commonly used for every project we handle, while
CPM is more practical especially for the coofdination of different
activities, deliveries of materials and equipment, progress payment,
accounting and budget control, personnel and labor record, procure-

ment and materials control and cost control.”

“For small size projects containing simple activities, the bar chart is
commonly used. On the other hand, for large size projects of multi-
disciplines, the CPM is a more effective and practical tool to imple-

ment.”

“To obtain the degree of success on construction work, depends not

only on the completion of the project based on the accurate cost

estimate, but most likely on the manner of preparing a practical

plan in carrying out the work activities.”

“The monitoring and subsequent control of project works of the
company can be successfully achieved by the application of the Sys-

tematic Examination Techniques .”

“We find that the control chart will be informal or hand drawn and
without controls of this nature, the project almost certainly tends to

reach failure stage.’;

“Our firm believes that using these methods helps us to avoid any
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dclays, disputes and sometimes things attempt to litigation. We try
to clear out all of thesc problems and difficulty by utilizing both
CPM and GBC systcms.”

“We do not find the implementation of the previously mentioned
Systematic Examination Techniques as a contributing factor due to
the low yearly turnover which is about SR15,000,000 and low value
of project which is SR9,000,000.

“In general, these Systematic Examinatidn Techniques must be stud-
ied carefully because of the demand for more sophisticated tech-
niques as projects have become increasingly more complex, adding
risk and inaccuracy and uncertaint}; especially among most of the
engineering projects which require more detailed information for

implementing the planning and scheduling tools.”

“Our firm has been in existence for more than twelve years and has
operated with an industry average overhead of about 55% of turn-
over capital. We utilize the CPM and GBC techniques. Sometimes,
many inquiries are issued urgently that do not allow enough time to

repair a schedule.”

“CPM and GBC is very useful in implementing project program-
ming and monitoring of progress. It also helps a lot in material

ordering especially for long load materials.”

“The major area of concern that arises in utilizing such a system is

the gap that exists between the planning department and site staff
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responsible for day-to-day activities.”

“We do 85% construction work and maintenance, but we do not

like to use CPM or other methods.”

"CPM has been proved to be an cxtremely useful planning tool. It
enables a project manager to see the interrelationship of the work
clements which make up the whole project. It shows which work
elements are critical to the completion of a project. GBC is helpful |
in scheduling manpower and equipment, deliveries of material and
planning cash needs as well as in preparing monthly progress and

performance report.”
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CHAPTER 5
SUMMARY, CONCLUSIONS AND

RECOMMENDATIONS

This chapter is devoted to a summary of the research and the sum-
mary of the results (conclusions), general recommendations and recommen-
dations for further research needed in the planning and scheduling process,

based thereon are summarized in the following.

5.1 Summary

The following summary for both the research and the result can be

derived from the work reported on the Systematic Examination Techniques

(SET):
5.1.1 Summary of the Research

The fact is that, the recent environmental situation in Saudi Arabia
is forcing contractors to ensure for themselves an adequate market share to
ensure survival to continue in the current construction business. However,
the survivability of a contractor’s firm is totally dependent on how effec-
tive the management functions are performed. A contractor must plan,
schedule, coordinate, and control the various activities involved in any
project construction process. Therefore, it was decided that a clear visuali;
zation study of the Systematic Examination Techniques (SET) for planning

and scheduling in Saudi construction industry must be conducted. This
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research study investigates the application of five techniques include,
CPM, PND, PERT, GERT and GBC for planning and scheduling in the
arca of construction projects in Saudi Arabia. Also, it seeks top manage-
ment’s views about the scope and nature of SET's utilization with levels of
importance and degree of success. It serves as basic study to help in estab-

lishing and formulating research for the future.

An intensive review of the relevant literature was performed for two
purposes. The first is studying the historical development, the basic data,
procedure and methodology, and the advantages and disadvantages of
each technique involved in the SET. This is supported by a comparison
study among these technique through fundamental factors. The second is
to establish a foundation for the development of a survey questionnaire.
This questionnaire was designed to measure SET's implementation and

cvaluation.

Questionnaires were sent to 63 randomly selected construction con-
tractors located in the Eastern, Central and Western Provinces of Saudi
Arabia. Data were collected by means of a mailed questionnaire from the
contractors, incorporated in this survey, but the questionnaires distributed
to the construction firms in the Eastern Province were collected by hand in

a second visit.

The statistical package SAS that is available at King Fahd Univer-
sity of Petroleum & Minerals (KFUPM) mainframe computer was used to

analyze the data.
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The analysis of five factors corresponding to cach question in the
questionnaire sct was conducted to figure out the major points they con-
taincd. The variables cxamined and analyzed are : aspects of utilizing the
SET (SET function), user’s levels of information gainéd from SET’s utiliza-
tion, criteria of measuring the success of implementation, the causes of suc-
cess (success factor) in using the SET and causes of failure (factor of spuri-
ous application). The statistical measures for the interpretation,
correlation, statistical method and other statistical analysis were utilized in
this rcsearcﬁ. The results of each factor and the information addressed by
cach variable was obtained. The importance and success indices were used
to indicate the level of importance and the degree of utilization (ranking
analysis). The hypothesis of the agreement for the rank of the factors was

tested through using the statistical techniques.
5.1.2 Conclusions

The following conclusions can be drawn from the discussion and
data analysis. These conclusions seem to be warranted based on the major

findings of this research.

1. The CPM technique is widely known by all contractors in
Saudi Arabia, but it is not used by all of them. A sizeable
majority of contractors use CPM and GBC as one subset for

project planning and scheduling.

2, The GBC technique is known by all construction firms in
Saudi Arabia.
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None of the construction contractors in Saudi Arabia use the
GERT technique in their projects. The technique is known
by only a few of them. Somec do not know what it means or
have never heard of it., and some of them have misunderstood
this technique and regard it as a graphical computer applica-

tion of representing activities only.

The sizeable majority of all contractors are not familiar with

all planning and scheduling techniques involved in the SET.

The major sources of knowing the SET techniques by con-
struction firms in Saudi Arabia are university education,

institute education resources and experience.

Small contractors in Saudi Arabia do not use the PERT tech-
nique and most of them either do not know what PERT

means or they have never heard of it.

CPM and PERT are effectively used in large size construc-
tion projects while CPM and GBC seem applicable for use on
both large and small size construction projects. CPM plus
PERT and GBC are frequently used by medium size con-
struction firms. PND permits computations easily and effec-
tively. It usually used to produce initial plan of work sched-

ule of any project in short time.

The majority of construction contractors in Saudi Arabia use
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computer for formalizing project planning and scheduling by

utilizing the SET techniques on their projects.

The combination of CPM and GBC techniques is frequently
used by building, building plus other types of contractors
such as structure or heavy contractors. Building plus struc-
ture-type contractors and structure contractors employ either

CPM, PERT or GBC on their projects.

Heavy-type contractors usually use CPM or PERT iech-
nique. They are the most users of the PERT technique due
to the work involved in heavy construction , while building
plus the other two types of contractors usually use PERT

and/or GBC.

GEC is frequently used on all contracts by large and mcdium
sized firms. Small firms use it only when required by con-
tracts. This result was expected due to the simplicity of
applying this method, while CPM, PERT and PND are fre-
quently used in construction contracts when required by

owner or clients.

The CPM technique is frequently used by medium sized
firms on “50% or more of all contracts” using criteria. PND
is mostly used by large sized contractors on all contracts or
on “less than 50% of contracts” using criteria. PERT is usu-

ally used by large and medium sized firms on all frequent
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using criteria such as, on all contracts, less than 50% of con-

tract, and when required by owner or clients.

CPM is being employed significantly more for planning
rather than for control or controlling material purchases and
delivery and cash needs purposes. PERT and PND are being
employed more for control rather than for planning cash

needs and material purchases purposes.

GBC is frequently used for pianning and controlling material
purchases and delivery and predicting cash needs rather than
for detailed planning of construct_ion . Large and medium
firms used CPM and GBC for both planning and controlling
aspects purposes, while small sized firms used them as
detailed planning and controlling of material purchases and

delivery only.

PND and PERT are usually used for planning of construc-
tion and controlling aspects purposes by large and medium
sized firms, while PND was used as a control tool only by

small firms.

All firms (large, medium and small firms) generally agree to
using CPM and GBC as detailed planning and control tools,
based on the level of importance to the business, current suc-
cess by contractor’s view, but PERT and PND are usually

used as detailed planning of construction only as aspect of
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utilization. These occupicd the first significant rank by all of

them.

Large and medium sized firms generally agree on using infor-
mation from the SET at project manager, site manager, divi-
sion or group and at bidding and estimating levels rather
than at trade superintendent’s level. Small firms obtained
information from CPM at project management and site man-
ager levels rather than at division or group, trade superinten-
dent and bidding and estimating levels. PND by small firms
constitute the vise versa of CPM by small firm groups, but

GBC utilized at all levels of information users.

All contractors gave first rank to information gained by users
at each level of planning, scheduling and controlling for each
method. Both CPM and PND users are ranked “project
management and trade superintendent” at the highest level.
Users of GBC are rated “division (department) or group
manager level” as the highest. Users of PERT rated “trade
superintendent level” as the highest. These cited the most

frequent level of gaining information from SET implementa-

tion.

Only a small percentage of users firms (2 firms who use

CPM) feel that they are unsuccessful in achieving the numer- |

ous benefits attributed to use of these systems.
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All contractors usually regard the defining of cost saving plus
improvements of planning and controlling as first importance
factor categories of the critcria for measuring the successful
utilization of the SET. Improvement of communication and

bidding or estimating occupicd the other ranks.

A small percentage of users (3 firms) feel that SET is rela-
tively . unimportant to their firms as obtaining the various
benefits and analyzing the problems associated with the use
of these techniques. - No one of the firms feel that PND and

PERT is relatively unimportant.

The majority of contractors view these SET as very impor-
tant to the current success of their organization. They feel
that they are very successful in achieving the numerous ben-

efits attributed to use of these SET.

Good training of personnel and good management support
are the main important causes of successful implementation
of the SET. These two factors lead to successful program-
ming techniques in planning and scheduling and can help

build successful and effective management.

Lack of support from people who use the system, lack of top
management support and poor training of personnel are the
three main causes of failure in using SET. This may simply

reflect a relative increase in importance of other failures such
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as labor problems, controls, monitoring and updating prob-
lems. All of these reasons have adverse effect on the firm’s

pbsition in the market.

25.  The majority of contractors regarded that the approximate
percentage of cost saving is ranged between “4-14% of con-
tract cost amount”. The mean of cost saving per project
obtained when using the SET in their project is about

12.22% of contract amount.

5.2 Recommendations

The result of this research suggests the following directions for both
the general recommendations and the recommendations of further

research.
5.2.1 General Recommendations

The present research helped in performing the following recommen-
dations. These are the most important suggestions and opinion from the

author’s viewpoint.

1. It is recommended that the contractors use an appropriate
SET technique for managing their projects. This is due to
the benefits attributed to the use of these SET, because they
provide both evidence of honest work accomplishment and an

increase in profit margins due to cost savings.
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It is advisable that the contractor should use a SET tech-
nique for all project management aspects such as, planning,
scheduling, control, controlling material purchase and deliv-
ery and cash necds purposes. A realization of cost savings is

evident.

Contractors are advised to encourage their personnel to use
these SET techniques especially at the site management level
because they reflect the actual construction condition for

progress and for future status of the project.

It is imperative to use these techniques to become more com-
petitive and to survive in the current construction business
market because the survey showed that contractors are realiz-
ing cost savings when implemcnting these SET in their organ-
izations. Also, they feel that the application of these tech-

niques is very important to their firms’ success.

Contractors should formulate an early plan of work perform-
ance before work starts by using an appropriate SET tech-
nique. This will lead to indirect improvement of quality and
will help in the prediction of cash flow. This is strongly rec-

ommended because it helps top management or any party to

look at the overall project and to see it as a “big picture”, as

well as visualizing the complete idea of the control process.

Supportive coordination of all activities of a project with
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incentive top management support and actual support from
the people who are really using the SET for controlling all
phases of construction project is extremely important and is
strongly recommended to avoid delays, claims and litigation.
It is the responsibility of the contractor to follow through in

“order to obtain sufficient work.

It is recommended that the contractor should utilize the
information generated from SET applicaiion especia'lly at the
bidding and estimating levels because this will improve bid-
~ ding and estimating process and will lead to improve their
own efficiency for securing enough market share from the

projects available in the construction market.

One of the benefits obtained from SET implementation in an
organization is the quick response to a management crisis. It
is recommended that these SET should be trained as a
response to the needs expréssed by all technical staff at the
managerial level, so that any scheduled change will be negoti-

ated and properly adjusted.

Close, early cooperation of planning and scheduling, control
and communication among work forces especially between
top management and the lower level of personnel is of great
importance, and is strongly recommended for improving cdm-
munication practices, control problems, avoiding delays,

claims and litigation and avoiding any changes and disputes.
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It is recommended that contractors should teach their lower
level pefsonnel the concepts and procedures of the Systematic
Examination Techniques through short courses or others
means in relation to their work handled in order to improve
communication among middle management, the project team
and the client. Good communication means defining assign-

ments ciearly to subordinates.

Top management is recommended to establish a set of poli-
cies of a proper SET implementation and to develop a set of

procedures for SET utilization in its organization.

Top management is recommended to encourage its personnel
to understand and follow the project activities as a schedule.
This will directly lead to fill the gap of the lack of communi-
cation between the management and the lower level who are

working at construction site.

Top management is advised to support the utilization of the
SET technique in its organization and to encourage its per-

sonnel to use and follow the information generated from the

used SET.

Top management is advised to encourage its personnel who
are really using the SET systems to use advanced technology

for project control with a good base for effective planning
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and scheduling. This will lead to effective managerial skills.

15.  In response to contractor complaints of spurious SET appli-
cation by poorly trained personnel, the contractors are
advised to cstablish a training institute in the Kingdom of
Saudi Arabia in order to help avoid the problem of a short-

age of local skilled labor.

16.  Due to the major concerns with regard to SET operation of
both the requirement of excessive work of SET implementa-
tion and the complexity of input and output. Good computer
programs can be effectively utilized in formalizing the plan-
ning and scheduling process in order to systematically follow
up and help upgrade the performance of any construction
projects. They help the contractors in Speeding up the plan-

ning, scheduling and eliminating computational errors.
5.2.2 Recommendations for Further Research

The result of this study suggested that further research is needed in

the areas outlined below :

1. The same research study might be performed for measuring
the cost saving by utilizing the SET through analysis of a real

on-going construction project.

2. This research is limited to construction firms. It is suggested

that the same research could be done for other types of con-
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tractors with other construction partics.

The scope of this thesis is limited to the Eastern, Western and
Central Provinces in Saudi Arabia. Further studies might be
conducted in the other regions of Saudi Arabia or in in the

Gulf region.

A study could be performed to investigate ways of measuring

the successful utilization of SET for planning and scheduling.

A system could be developed to measure the amount of cost

saving through SET implementation.

A study could be performed to find the relationship between
the size, cost and complexity of the project and the most suit-

able method to use.

The actual effects of planning and scheduling techniques on

delays, litigation, claims and change order can be studied.

A model between the SET and the contribution of profitabil-

ity, uncertainty and project characteristics can be developed.

The effects of complexity of input and output of information

on SET implementation can be studied.

A study of SET characteristics and the forecasting for cost
reductions in order to determine ‘which technique is more

effective and more efficient.
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4. study could be performed to scarch for a relationship
betwecen organizational, managerial and control problems and

SET utilization faced during construction .

A study of the effect of SET implcmentation and the
improvements of communication between management and

lower levels could be investigated.

Research on the most effective factors of the utilization of
computer technology in the process of formulating planning

and scheduling could be conducted.
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APPENDIX (A)

CONSTRUCTION FIRM’S
QUESTIONNAIRE
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Ministry of Higher Education

$b Universily of Pelroleum & Mimerals

DHAHRAN 31261, SAUDI ARABIA

AL e Ch 55
Galeollglgil 2gd Sfollianal

Do NEh Ty ren gl

Dear Manager,

The Construction Engineering & Management Department of the College of
Environmental Design at King Fahd University of Petroleum & Minerals

is presently engaged in a study of the Systematic Examination Techniques
(SET).

The purpose of the study is to establish the scope and nature of use of
SET among construction firms in Saudi Arabia.

We are asking you to participate by providing needed information related
to the method(s) your firm is using, assessment on the benefits and pro-
blems associated with the use of the method(s), and the degree of impor-
tance to your firm. We will hold all data on individual firms in strict
confidence. We know that there are numerous demands on your time. How-
ever, your involvement is important in contributing to the study. The
questionnaire will take less than 15 minutes of your valuable time.

The attached questionnaire consists of three sections. The first section
seeks Information about your firm. The second section sceks Inforwacion
related to the method(s) your firm is using for cost reduction. The third
section seeks information related to the evaluation of the method(s) which
has been in use in your firm. '

Your immediate action will be highly solicited. Please return your com-
Pleted questionnaire in the enclosed self-addressed envelope not later
than 15th July, 1989.

Thank you in anticipation for your co-operation.

S8tficerel ours,
Mo,

AR IF M.¥. AL-ABDULLATIF
RESEARCH ASSOCIATE

: 860-0000 CF) AV veve s Oyl
: 801060 KFUPM Sy 1 el LA L LU
: AL-JAMAAH LI R
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CONSTRUCTION FIRM'S QUESTIONNAIRES

PURPOSE :

The objective of this survey is to establish the scope and
nature of use of Systematic Examination Technique ( SET) among
construction firms in Saudi Arabia and to obtain top management
views on the benefits and problems associated with use of these

methods, as well as their importance to the firm.

SYNOPSIS:

These questionnaires are prepared for certain requirements
related to the methods of construction operations for planning &
scheduling. The result of these questionnaires will be written
in Master Degree Research, This research contains a survey
study based on the Systematic Examination Techniqnes ( SET) which
have been in use in Saudi Arabia in construction companies in
order to find out the most succeséful method in achieving any
project with the numerous benefits attributed to use of these

techniques.
DESIGN:
These questionnaires contain three sections which will be con-

sidered in turn :-

Section (1) : Part A (Firms's information).
Section (2) : Part B (SET implementation).
Section (3) : Part C (SET Evaluation).

We will be most grateful to you for answering these question-
naires and we will thank you for this act of kindness.
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PART "A":  GENERAL FIRMS'S INFORMATION"

THIS SECTION CONTAINS QUESTIONS SEEKING INFORMATION ABOUT

YOUR FIRM.

Please fill the following :-

Company name :- - = = = = = - =~ = - - _ Co. Nationality:= = = - - - =
Location of Main Office:~ = = = = -~ - - No. of Branches: - - - - - -
Total Number of Employees:~ = = = - - = Region of operation:- - - — -
Title or position of the Respondent = = = = = = = = = = o = = = = - -

Please answer the following questions by placing a check Q/) in
the appropriate box :

1- What is the size of your firm in terms of Saudi Riyals
volume of construction ?

[] (56,000,000 p1us) [] (15,000,000 - 24000000)
[ ¢25,000,000 - 55,000,000 [ (5,000,000 - 14000000
or less)

2~ Which of the following most closely describes your's
Company principal activity ?

[] Building (Educational{:] Heavy construction (bridges,
Commercial, etc.) dams, harbours, roads, etec.)

D Structural contractors D Other (Please specify:~ = = - - -

3- What is the average amount of work subcontracted on
average job ?

I:] 19% or less of one job.I:] 502 - 992 of one job.
[ ] 20% - 492 of one job. [] 211 of the job (1002).
4= Hhaé 1s. average job size | 5- What is average Job duration

in terms of Saudi Riyals of each project ?
of each project ?

(: SR) | (: YEARS)
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THIS SECTION OF QUESTIONNAIRE IS DESIGNED TO INVESTIGATE

THE SYSTEM EXAMINATION TECHNIQUE ( SET), YOUR FIRM IS
[MPLEMENTING.

Q.1

Q.2

Q.3

Q.4

Please answer the following questions by placing a

a check (/) in the appropriate box( es). If you have used
more than one method in your firm choose the right answer

by marking (/) in the table with respect of each method as
they are arranged in Question No.3 (PART "B").

Please indicate the method(s) you know ?
(1) Critical Path Method (C.P.M.) - Method No.l. [ |

(2) Precedence Network Diagramming (P,N.D) - Method No.2. D
(3) Program Evaluation & Review Technique (P.E.R.T,) =~

Method No.3. D

(4) Graphical Evaluation & Review Technique ( G.E.R.T.) -

Method No.4. [ ]

(5) Gantt (Bar) chart (G.B.C.) - Method No.S5. D
(6) Other methods you know, please specify - = = o - .

Method No.6. l:l

How do you know this ( these) Method(s) mentioned in Question
No.1l ( PART B) ?

= University of Institution ]:, — Regsearch agencieg, -~ — — -—D
— Experience = — = = = — D = Other, please specify - - -D

 Which method(s) has been in use in yohr firm ?

(You can indicate more than one method).
(1) Critical Path Method (C.P.M.) = = - - - - Method No.l. [_|
(2) Precedence Network Diagramming (P.N.D) - Method No.2. D

(3) Program Evaluation & Review Technique ( P.E.R.T.) -
Method No.3. D

(4) Graphical Evaluation & Review Technique (G.E.R.T.) =~
Method No.4. D

(5) Gantt (Bar) chart (G.B.C.) - Method No.5. [ |
(6) Others, please specify ¢ - = = = = - = e oL Lo

Method No.6. D

Do you use any computer systea(s) in your firm to assess for
formalizing project planning & scheduling ?
(language
( Name) program) (made 1in)

D Yes-~If yes,specify 1) ’ ’

2) ’ ’

DNO 3) ’ ’
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Choose the right answer by placing (/) in the table with respect of
each Method(s) as they arranged i{n Question No.3 ( PART B).

=

[ > £ Q

= [+ -4 [72] o

5|8 |8 [§ |8 |3

Methods 1 2 3 4 S 6

Q.5 How frequent do you use this
(these) Method(s) mentioned in
question No.3 (PART B) ?

i). On all Contracts
1i) 50% or more of all Projects

iii1) Less than 50% of all Projects )

iv) When required by Contract

Q.6  In which aspect do you use this
(these) Method(s) mentioned in
question No.3 (PART B) ?

1) As a detailed planning of ]

construction

ii) As a control tool
iii) As planning and controlling
material purchases and

delivery

iv) As planning cash needs

Q.7 Who uses information from this
(these) method(s) mentioned in
question No.3 (PART B) ?

i) At the project management level

(Project Manager & Site Manager)

ii1) At the division or group manager
level
1ii1) At the trade Superintendent

level
iv) At the bidding or estimating
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PART "C": SYSTEMATIC EXAMINATION TECHNIQUES “SET EVALUATION"

THIS SECTION SEEKS YOUR EVALUATION ON THE METHOI S)

THAT YOUR FIRM HAS BEEN USING.

Please answer the following questions by placing ( /) in
the table with respect of each method as they arranged in

Question No.3 (PART B).

&~ B b
= -4 -] O ]
5| E|E |8 |83
1 2 3 4 5 6

Methods

Q.1 What benefits have you obtained
from this (these) method(s) mentioned
in question No.3 (PART B) ?

Q.2

i)
11)
111)
fv)
v)

vi)

vii)

Definite cost saving

Improved bidding/estimating
Improved planning before work
starts

Tmproved project contrnl after
work starts

Faster response to manégement
crisis

Improved communication among work
forces

No benefits (only higher costs).

What is the approximate (%) of cost
saving obtaining when using this

(these) Method(s) mentioned in ques-
tion No.3 (PART B) ?

1)

11)
111)
iv)
v)
vi)
vii)

(26-30) % of the total contract
cost amount

(20_25) z ” " " "

(15_19) AL w’'oon "

(10_14) z 11 " [1) ”

(5 - 9) z " " " "

42 or lesg n woonooon

No cost saving at all
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CPM

PND

PERT

GERT

GBC

Other

Methods

w

&

(=)

Q.3 What are your major concern with

regard to the operation and use of

this (these) menthod(s) mentioned in
question No.3 (PART B) ?

1)

ii)

1i4)
iv)

Construction personnel (not using
the method)

Implementation of them on
(excessive) work

Complexity of input and output

Other major concerns

If you choose (iv) please write the

other concerns here :

Q.4 How important do you view this

(these) method(s) mentioned in
question No.3 (PART B) ?

1)

i1)

Very important to the current
success of your firm

Modest important for the
current success of your
firm

1i1) Relatively unimportant




Q.5 How successful your Company has been

Q.6

i1) Modest successful
1ii) Unsuccessful

ii) Defining cost saving

iii) Improvement of communication among

iv) ' Achieved such benefits (other
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CPM

PND

PERT

GERT

GBC

Other

Methods

w

&

n

in realizing the various advantages
attributed to the use of this (these)
method(s) mentioned in question No.3
(PART B) ?

1) Very successfull

If you choose (1ii) -
What do you think the reasons of

unsuccessfulness :

A. Required extra cost

B. It is too complex to deal with it

C. It needs specialists

D. Difficult to divide the job in

phases Lo

E. Other (1ist them here) :

In which criteria do you measure the

successful use of this(these) method(s)

mentioned in question No.3(PART B) ?

1) Improvement of planning and
control

work force

benefits)
If you choose (iv) - please list the
benefits :
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H

[»] &~ L]

S| (&8 |8 |35

o A & T [T ]

Me thods 1 2 3 4 5 6

Q.7 What do you think the reasons for
successful use of this (these)
method(s) mentiomed in question
No.3 (PART B) ?

1) Good top management support
ii) Good training of personnel

1i1) Good support for personnel using

the system

iv) Good computer programs

v) Other reasons (List them here)

Q.8 What do you think the reason for
failure in using this (these)
method(s) mentioned in question
No.3 (PART B) ?

1) Lack of top management support
11) Lack of support from people who

must use the system

111) Poor training of personnel

iv) Poor Computer programs

v) Other reasons (List them here)
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COMMENTS

Q. IF YOU HAVE ANY ADDITIONAL COMMENTS THAT WOULD HELP US TO
UNDERSTAND YOUR FIRM'S IMPLEMENTATION AND EVALUATION,
PLEASE ADD THESE BELOW :-

TR T TS e s e e e et e s e i et o e e e ke~ s 4 e o e i e e 4% 2 A St e e om e e < 28 e o e e -t

THANK YOU VERY MUCH FOR YOUR COOPERATION.
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APPENDIX (B)

PEARSON CORRELATION
BETWEEN

ALL QUESTIONS AND THE
COMPUTATION OF SPEARMAN,
PARTIAL AND MULTIPLE

CORRELATIONS WITH THEIR
DIAGRAMS
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Table B-1: Computation of Spearman Rank Correlation of Aspects of
Utilization of the SET "Factor Categories".

Technique Aspects Rank on groups Difference between Ranks (d)

L S
# (SET) Categories Lérée Me Lém Sédil daLM d2LM dLs d2LS aMs dZMS
Firm Firm Firm

1 CPM 3a6 1 0 0 1 1 1 1 0 0
2 " 7a6 2 2 0 0 0 2 4 2 4
3 " 8A6 3 3 0 0 0 3 9 3 9
4 " 9A6 4 4 1 0 0 3 °] 3 9
5 " 1A6 S 1 2 4 26 3 9. 1 1
6 " 286 6 0 3 6 36 3 9 3 9
7 " 4A6 7 0 0 7 49 7 49 1] 0
£ " 6A6 6 0 0 8 64 8 64 0 0
9 GBC 1A6 1 4 0 3 9 1 1 4 16
10 " 346 2 0 0 2 4q 2 4 0 0
11 " 5A6 3 1 4 2 4 1 1 3 9
12 " 6A6 4 0 0 4 16 4 16 1] 0
13 " 8A6 5 0 2 5 25 3 9 2 4
14 " T 6 6 2 0 4 16 6 36 2 4
15 " 9A6 7 3 1 4 16 6 36 2 4
16 " 276 8 0 3 8 64 5 25 3 9
17 " 476 0 S 0 S 25 0 0 | 25
18 PERT 1a6 1 0 0 1 1 1 1 0 0
19 " 9A6 2 2 0 0 0 2 4 2 4q
20 " 226 3 3 0 0 0 3 9 3 9
21 " 3A6 0 1 0 1 1 0 0 1 1
22 PND 126 1 0 0 1 1 1 1 0 0
23 " 276 2 0 2 2 4 0 0 2 4
24 " 3A6 3 0 0 3 9 3 9 0 0
25 " 9A6 4 0 1 4 16 3 9 1 1
26 " 6A6 S 0 0 5 25 5 25 0 0
27 " 8A6 6 1 0 5 25 6 36 1 1
a2 427 376 123
Where :
CPM = Critical Path Method L'= large Firms
GBC = Gantt Bar Chart M = Medium Firms
S =

PERT = Program Evaluation & Review Technique
PND = Precedence Network Diagramming

Smal} Firms



261

Table B-2 : Computation of Spearman Rank Correlation of User's Levels
of SET Utilization "Factor Categories".

Technigque Aspects Rank on groups Difference between Ranks (d)

# (SET) Categories ILAY4e Medfum SnB0L dLM d2LM dLS d2LS aMS  d°ms

Firm Firm Firm

1 CPM SA7 1 5 3 4 16 2 4 2 4
2 " 6A7 2 2 0 0 0 2 4 2 4
3 " 8A7 3 4 0 1 1 3 9 4 16
4 " 7A7 4 3 1 1 1 3 9 2 4
5 " 9A7 5 0 2 S 25 3 9 2 4
6 " 1A7 6 1 4 5 25 2 4 3 9
7 " 2Aa7 7 0 0 7 49 7 49 0 0
8 GBC 1A7 1 2 3 1 1 2 4 1 1
2 " 2A7 2 0 0 2 4 2 4q 0 0
10 " 8A7 3 0 0 3 9 3 9 0 0
11 " 7a7 4 1 2 3 9 2 4 1 1
12 " 9A7 5 0 4 5 25 1 1 4 16
13 " 5a7 6 3 1 3 9 5 25 2 4
14 " 6A7 7 0 0 7 49 7 49 0 0
15 PERT S5a7 1 0 0 1 1 1 1 0 0
16 " 1A7 2 3 0 1 1 2 4 3 9
17 " 2A7 3 4 0 1 1 3 ° 4 16
18 " 3A7 0 1 0 1 1 0 0 1 1
19 " 747 0 2 0 2 4 0 0 2 4
20 PND OA7 1 0 0 1 1 1 1 0 0
21 " 1A7 2 3 2 1 1 0 0 1 1
22 " a7 3 2 3 1 1 ) 0 1 1
23 " S5A7 0 1 1 1 1 1 1 0 0
a2 235 200 95
Where :-
CPM = Critical Path Method L = large Firms
GBC = Gantt+ Bar Chart M = Medium Firms
PFRT = Program Evaluation'& Review Technique S = Sma} Firms
PND =

Precedence Network Diagramming
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Computation of Spearman Rank Correlation of Criteria of

Measuring the Successful "Factor Categories"

Technique Aspects Rank on groups

Difference between Ranks (d)

(L) (M) (s)

# (SET) Categories Large Medium Small dLM dZLM daLs dst ams d2MS
Firm Firm Firm
1 CPM 6B6 1 3 0 2 4 1 1 3 9
2 " 7B6 2 4 2 2 4 0 0 2 4
3 " 8B6 3 0 3 3 a 0 0 3 9
4 " SB6 4 2 1 2 4 3 9 1 1
5 " 1B6 5 5 0 0 0 5 25 5 25
6 " 2B6 0 1 0 1 1 0 0 1 1
7 " 3B6 0 0 5 0 0 5 25 5 25
8 " 9B6 0 0 4 0 0 4 16 4 16
9 GBC 5B6 1 1 1 0 0 0 0 0 0
10 " 6B6 2 2 0 0 0 2 4 2 4
1 " 7B6 3 3 2 0 0 1 1 1 1
12 " 1B6 4 S 4 1 1 1] 0 1 1
13 " 3B6 5 0 0 ] 25 S 25 0 0
14 " 4B6 6 0 0 6 36 6 36 0 0
15 " 2B6 0 4 0 4 16 0 0 4 16
16 " 8B6 0 0 3 0 0 3 9 3 9
17 " 9B6 0 0 S 0 0 ] 25 5 25
18 PERT 2B6 1 1 0. 0 0 1 1 1 1
19 " 5B6 2 0 0 2 4 2 4 0 0
20 " 6B6 3 0 0 3 9 3 9 0 0
21 " 7B6 4 0 0 4 16 4 16 0 0
22 " 1B6 S 2 0 3 9 5 25 2 4
23 PND 2B6 1 0 0 1 1 1 1 0 0
24 " 5B6 2 1 1 1 1 1 1 0 0
25 " 6B6 3 2 0 1 1 3 9 2 4
26 " 786 4 0 0 4 16 4 16 0 0
27 . 9B6 S 0 3 5 25 2 4 3 9
28 ‘1B6 6 4 0 2 4 6 36 4 16
29 886 0 3 2 3 9 2 4 1 1
a2 195 302 181
Where :-
CPM = Critical Path Method L = Large Firms
GBC = Gantt Bar Chart M = Medium Firms
PEFRT = Program Fvaluation & Review Technique S = Smal) Firms
PND = Precedence Network Diagramming
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Table B-4 : Computation of Spearman Rank Correlation of Reasons of
Successful "Factor Categories.

Technique Aspects Pank on groups Difference between Ranks (4)
(L) (M) (s) 2 2 2
# (SFT) Categories Large Medium Small dLM d“LM d4dLS d°LS dMS da"ms
Firm Firm Firm

1 CPM 2R7 1 0 0 1 1 1 1 0 0
2 " 787 2 4 1 2 4 1 1 3 9
3 " 8B7 3 5 2 2 4 1 1 3 9
4 " 1B7 4 7 3 3 9 1 1 4 16
5 " 9B7 5 6 0 1 1 5 25 6 36
6 " 3B7 6 1 0 5 25 6 36 1 1
7 " 6B7 7 3 0 4 15 7 49 3 9
8 " SB7 0 2 0 2 4 0 0 2 4
9 GBC 2B7 1 0 0 1 1 1 1 0 0
10 " SB7 2 0 0 2 4 2 4 0 0
11 " 6B7 3 2 0 1 1 3 9 2 4
12 " eB7 4 3 1 1 1 3 9 2 4
13 " 9B7 5 4 0 1 1 5 25 4 16
14 " 7B7 6 6 3 0 0 3 9 3 9
15 " 1B7 7 5 2 2 4 5 25 3 9
16 " 3B7 8 1 0 7 49 8 64 1 1
17 " 4B7 9 0 0 0 81 9 81 0 0
18 PERT 1B7 1 3 0 2 4 1 1 3 9
19 " 3B7 2 1 0 1 1 2 4 1 1
20 " 5B7 3 0 0 3 9 3 9 0 0
21 " 9B7 4 0 0 4 16 4 16 0 0
22 " 6B7 5 4 0 1 1 5 25 4 16
23 " 2B7 6 0 0 6 36 6 36 0 0
24 " 8B7 0 2 0 2 4 0 0 2 4
25 PND 1B7 1 0 1 1 1 0 0 1 1
26 " 7B7 0 0 2 0 0 2 4 2 4
27 " 8B7 2 1 3 1 1 1 1 2 4
28 " 6B7 3 3 0 0 0 3 9 3 ]
29 " 9B7 0 2 4 2 4 4 16 2 4
a2 283 462 179

Where :=
CPM = Critical Path Method L = large Firms

GBC = Gantt Bar Chart M = Medium Firms

PERT = Program Fvaluation & Review Technique S = Small Firms

PND = Precedence Network Diagramming
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Table B-5 : Computation of Spearman Rank Correlation of Reasons

of Failure "Factor Categories"

Technique Aspects Rank on groups

Difference hetween Ranks (4d)

(L) (M) (s)

# (SET) Categories Large Medium Small dLM d°LM dLS d2LS aMs 42ms
Firm Firm Firm
1 CPM’ 6R8 1 0 0 1 1 1 1 0 0
2 " 7B8 2 2 2 0 0] 0 0 0 0
3 " 1B8 3 4 1 1 1 2 4 3 9
4 " 8B8 4 3 3 1 1 1 1 0 0
5 " 5B8 5 1 4 4 15 1 1 3 9
6 " 2B8 6 0 5 6 36 1 1 5 25
7 " 3B8 7 0 0 7 ‘49 7 49 0 0
8 GBC 1B8 1 4 1 3 9 0 0 3 9
9 " 6B8 2 1 4q 1 1 2 4 3 9
10 " 8B8 3 3 2 0 0 1 1 1 1
11 " 2B8 4 6 0 2 4 4 16 6 36
12 " SB8 5 5 3 0 0 2 4 2 4
13 " 3B8 6 0 0 6 36 6 36 0 0
14 " 7B8 0 2 1] 2 4 0 0 2 4
15 PERT 6B8 1 0 0 1 1 1 1 0 0
16 " 1B8 2 3 0 1 1 2 4 3 9
17 " 5B8 3 4 0 1 1 3 ° 4q 16
18 " 7B8 4 0 0 4 16 4 16 0 0
19 " 3Rr8 0 1 0 1 1 0 0 1 1
20 " 8B8 0 2 0 2 4 0 0 2 4
21 PND 1B8 1 0 1 1 1 0 0 1 1
22 " 7R8 2 0 0 2 4 2 4 0 0
23 " 5B8 3 2 2 1 1 1 1 0 0
24 " 8B8 0 1 4 1 1 4 16 3 9
25 " 6B8 0 0 3 0 0 3 9 3 9
a2 189 178 155
Where :-
CPM = . L = Large Firm
GBC = g;:{:cgirPétngethod M= Mediym Firm
PERT = Program Eva ua%ion & Review Technique S = Small Firms
PND = Precedence Network Diagramming



Rank Correlation Values

SPEARMAN PARTIAL MULTIPLE
FACTOR
TiM rLs ™S | 'LM-s | TLS-M | *Ms-L | TL-MS *™M-LS [Fs-LM
Aspects of .
Utilization 0.86 | 0.881 0.96] 0.12 0.39 | 0.83] 0.89 | 0.96 0.97
User's Levels
of Utiliza- 0.88 | 0.90| 0.95(0.21 0.42 | 0.76 | 0.90 | 0.95 0.96
tion
¢riceria of | 495 0.93| 0.96|0.61 | 0.20 0.64] 0.95 | 0.97 | 0.9
Success
Reasons of 0.93 ) 0.88] 0.9510.59 | 0.06 | 0.73| 0.93 | 0.97 | o.95
Success
Reasons of 0.92 | 0.93| 0.94f0.45 | 0.46| 0.56| 0.89 | 0.91 | o0.88
Failure .
1 |
r = .Correlation Coefficient Ratio
L = Large Firms
M = Medium Firms
S = Small Firms
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Fig. B-1: The agreement between each two groups as measured by

correlation coefficient (Aspects of SET's Implementation)
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Fig. B-3: The agreement between each group and the other two groups
(Aspects of SET's Implementation) )
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Fig. B-4: The Agreement between each two groups as measured by the

Correlation Coefficient (User's levels of Information).
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Fig. B-6: The Agreement between each group and the other two groups
(User's levels of Information).
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(Criteria of measuring the successful of SET's utilization).:
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Fig. B-10: The Agreement between each two groups as measured by the
Correlation Coefficient (Causes of success of SET's Imple-
mentation)
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APPENDIX (C)

CONSTRUCTION FIRM’S NAMES
AND LOCATIONS



2.

3.
4
5
6.
7
8

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,

NAME OF THE COMPANY

. Ghater Tahsscen Co. Ltd.

Abdullah A. Al-Khodari Ltd.
Al-Khodari & Sons Co.

. JGC Arabia Ltd.

. Kirby, Husseini Contractors

Boremaster (SA) Co. Ltd.

. Contracting & Trading Co. (CAT)
. Al-Najim Saudi International Co.Ltd.

Nesma & Alfadl Contracting Co.Ltd.
Eastern Trading & Construction Co.

Saudi Arabia Steidle Co. Ltd.

Al-Barghash Trading & Construction Co.

Joannou & Paraskevaides Ltd.

Belleli Saudi Arabia Ltd.

Saudi National For Trad. & Cont.
PETCON, Saudi Ele-Mech-Const.Co.Ltd
Fouad Abdulla Fovad Group

Flour Arabia Ltd.

Saudi Conder Co.(SAUCO) Ltd.
Abdullah H.Al-Shuwayer Trad.Cont.Co.
Nassir Hazza & Brothers

TEKFEN Const. & Installation Co.Inc.

272

LOCATION

Riyadh
Al-Khobar
Dammam
Jeddah, Riyadh
Al-Khobar
Dhahran
Al-Khobar
Dammam
Al-Khobar
Al-Khobar
Al-Khobar
Thogbah, Turaif
Riyadh

Jubail Ind.City
Riyadh, Al-Khobar
Dammam
Dammam
Riyadh, Khobar
Jeddah

Damma, Jubail
Al-Khobar -
Riyadh, Jubail



23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46
47

Al-Henaki Trading & Cont. Co.
Agab Arabian Ltd. Co.

Kettanch Brothers Saudi Arabia Co.
Al-Tamimi Construction Co.
Salman A. Al-Duhaim Est.
Al-Fouzan Co. Ltd.
Al-Abdulrahman (AARTCO)
REDEC Daclim (SA) Co.

Modern Arab Const. Co.Ltd

Civil Works Company

Hyundai Eng. & Const.Co. Ltd.
(BETA) A.Zaidan & Partners Co.
Allicd Engg. Enterprises

Saudi Arabian Saipem Ltd.
Al-Derbas Roads & Maint.Co.Ltd.
Ballast Nedam Co.Ltd.

Middle East Engg. & Dev. Co. Ltd.
Ahmed N. Al-Binali & Sons. Co.
Abdullah B. Al-Khalifah & Sons Ltd.
King Wilkinson (SA) Ltd.
EAGLETON (SA) Ltd.

Al-Oasis Cont. & Trading Co.

. (ATCO) Al-Turki Corporation

. (DCC) Saudi Danish Const.Co.Ltd.

Mitsubishi Consortium Heavy Ind.Ltd.
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Riyadh

Dammam
Al-Khobar
Dammam
Al-Khobar
Al-Khobar
Al-Khobar
Riyadh, chdali, Khobar
Al-Khobar, Riyadh
Riyadh, Dammam
Dammam

Jeddah, Riyadh
Riyadh, Dammam
Al-Khobar
Al-Khobar
Riyadh, Dhahran
Al-Khobar
Dammam
Dammam
Riyadh,Jeddah,Khobar
Al-Khobar
Al-Khobar

Dammam

Dammam

Dammam, Al-Khobar



48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

Kirby, Al-Mira For Contracting Ltd.
Al-Muhana For Trad. & Cont. Est.
A.Aziz, Al-Traiki & Partners
Interedec-Aswd Cons. & Eng.Co.Ltd.
Mohammad Al-Mojil Est.

(MABCO) Manuf. & Build.Co.Ltd.
Consolidated Contractors Co.Ltd.
Segia Trading & Contra. Co.Ltd.
Al-Hugayet Trad. & Cont. Est

Saudi Enterprises Co.Ltd. (SAECO)
(SST) Sademi Shaker Tamimi Const.Co.
Contr. & Commer. Dev. Est. (CADO)
Al-Najim Contr., Trading & Ser. Est.
You-One Construction Co.Ltd.

274

Dammam
Dammam, Arar
Dammam
Dammam, Jeddah, Jubail
Dammam

Riyadh, Jeddah
Riyadh, Al-Khobar
Dammam .
Dammam
Dammam

Riyadh, Dammam
Riyadh, Dammam
Dammam

Jeddah, Riyadh, Dammam
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