ABSTRACT

The South African construction industry is diverse in nature and faces various challenges. A
sense of urgency in project delivery has grown significantly, which has fed the need for new
construction methods to be used in an attempt to improve productivity. Precast concrete in
particular has been the preferred route to eradicate poor productivity and improve project
delivery times. However, the building environment of South Africa is unique to the rest of the
world and these circumstances may have a profound effect on the use and productivity of
precast concrete construction in South Africa. This study identifies the various factors
influencing the selection of precast concrete as a construction method in high rise commercial
construction projects in South Africa. The main objectives of the research is to understand
the construction process, to identify factors affecting productivity and finally identify factors
affecting the selection of precast concrete construction in South Africa. A review of current
literature relating to precast concrete and cast-in-situ concrete was conducted from which
questionnaires were developed to evaluate the information through a South African
perspective. A sample population of 30 individuals representing a variety of contractors were
selected for the distribution of questionnaires .The conclusion to the research did not only
highlight major differences in techniques but yielded overall results that portrayed South
Africa’s dislike with precast concrete construction. The results obtained identified that
expertise, technology, and excessive costs make precast concrete a technique in South Africa
that is not viable, particularly for productivity improvement. The precast building process has

therefore much to overcome before being accepted as a norm in the industry.



DEDICATION

I lovingly dedicate this research report to my wife, Munira, for her continued support and
understanding while | was completing this research. She has been my inspiration and has
made it possible for me to succeed. | also dedicate this to my parents and parent-in-laws who

have given me wisdom and showed me the value of perseverance.



ACKNOWLEDGEMENT

I would like to thank my supervisor, Dr. Senthilkumar Venkatachalam, for his contribution
and support to my research. | also wish to thank all my friends, family and respondents for
their valuable participation and insights.



CONTENTS

Chapter 1: Introduction

LA INErOTUCTION ... e e e e e et 1
1.1.1 Installation Difficulties. ... ..o 2
I 7 | 1=T I 571 o0 3
U O 1 3 A ) & o P 3
1.1.4 Environmental COMCETIIS. .. ... .uutntt ittt et et ettt et et et eens 4
1.1.5 Transportation COMCEITIS. ...\ uuut et ettt et eteetenteeee et eeeete et aaeneeneaneatensannanneanansensennans 4

1.1.6 COSt CONSIACTATIONS. « ..« ettt et ettt et ettt et et e e et e et e et et et e e e e e 5

1.2 Problem Statement. .........uieieii e e 6

IR B 010} 4 1S3 P 7
1.4 RESEAICN QUESTIONS. .. ..o ettt e e e 7
1.5 RESEAICN ODJECHIVES. ...t 7
LG T o703 o1 7
1.7 Research LIMItationS. ... ..euneine ittt e et ettt e et et et e eee et e e e e e e 8
1.8 Ethics Statement for Proposed ReSEarch. ... ... 9
1.9 MethOdOLO@Y . ... .ot 9
1,00 STUAY DIESIN. ..ttt ettt et e e e e et e e e e 9

Chapter 2: Literature Review

220 A 1 o [ T o ST 10
2.2 Precast CONCIBLE. ...ttt 10
2.3 Cast-IN-SItU CONCIELE. ... ettt 11
2.4 Building Processes of Cast-in-situ and Precast Concrete............ovviviiiiiiiiiiiiiiiiciieenn, 11
2.4.1 Cast-IN-SitU PrOCESS OVEIVIEW. ... ..\ttt e 11
2.4.2 Non Value AddiNg WOTK. ...t e 12
2.4.3 Precast PrOCESS OVETVIEW .. . ...ouuntiiiie ettt et et e ettt e eire e 12
2.4.4 Installation ProCess OVEIVIEW. ... ..ccceuiuiuuiiit ettt 13
2.4.5 Important Productivity Considerations and GUIdelings. ..............oooviiiiiiiiiiiiiie 15
2.5 Typical Framing Systems for Cast-in-situ and Precast Concrete Production.......................... 16
2.5.1 Cast-in-situ Framing Systems Used for Slab Production in High Rise Construction.............. 16
2.5.2 Precast Framing Systems Used for Slab Production in High Rise Buildings....................... 16
2.6 ProducCtivity iN COonSIIUCHION. .. ..\.u ittt ettt ettt et et et et et et e e et e e et et e e e b e eaenees 17
2.6.1 Productivity Rate Analysis of Precast and Cast-in-situ Concrete................ooeoeiiiiiininninn, 18
2.7 Factors Affecting the Use Of Precast Concrete. ... .....o.vvuiiriiiiiiiii i eee e 19



2.7.1 Availability of Labourers Specialised in Precast Concrete Systems............c.oevvvvininiininnn. 20

2.7.2 The Availability of Specialised Precast Concrete Contractors and Technological Capacity.......20
2.7.3WaASTE GENEIALION. ... ...ttt e e e e e e et e e e e s 21
2.7.4 Environmental and Social Impacts. ... 22
2.7.5 COSt CONSIUBIALIONS. . ...ttt ettt et e e e e e e e e e e e e et e e e nenenns 23
B X O 1 AN oot 26
2.8 Factors Affecting Productivity of Precast Concrete..........ooovviviiiiiiiiiiiiiiiieeiee e 27
2.8.1 PrOjECt PrOGramiming. . ......ououeirintitint it et ettt ettt e et et e et et et et et e eeneerenesees 27
2.8.2 Problems Encountered by On Site Managers............coooviiriiiiiiiiii i 27
2.8.3 Design and INformation ProCeSSes. . ...uuiuiet ittt et e e ae e 28
2.8.4 BUSINESS CONSIIAINTS. ...\ttt ittt et ettt et e et e e et et et e e e e e e e aene s 28
2.8.5 Transportation ReSIIICIONS. ... ..ottt e e 29
2.8.5.1 City of Johannesburg’s Managed Lanes POIICY.............covviiiiiiiiiiiiiii e, 29
2.8.6 Resource Allocation Problems in the Precast INdUSErY..........ccoviiiiiiiiiiiie e 30
2.9 Time Savings Despite Surrounding CirCUMSIANCES. ... ....ovririiiiee e, 30
2.10 CONCIUSION. ..ottt e e e 31

Chapter 3: Research Methodology

T 101 o o L1 o o AR 32

3.2 TYPe OF ReSarCh. ... .o 32
3.3 POPULALION. ... ettt e 33
B SAMPIING ..o 33
B D VlAItY . oottt s 34
BB RESEAICN TOOIS. ...ttt 34
36,1 QUESTIONNAITES. ...ttt e e 34
B 7 DatA ANAIY SIS, ..ottt 36
3.8 QUESTION DIESIZN. ..\t itit et ettt et e ettt et et e e e e 37
3.9 Overall ReSearch DeSi@N. ... .ouuiuiieiiiiii it et e et et e e e e e e e e eaneans 39

BT 0707 3 Te] 11T o) 39

Chapter 4: Research Findings and Analysis

AL INEOAUCTION .. ..ot e e 40
4.2 Survey Response and Sample SIZe........o.ouiiiii 40
Part . Profile of the Respondent............coouiiiiiiii e 40



Part Il. Factors Affecting the Use of Precast CONCrete..........oooiiiiiiiiiii e 43

Part I1l. Factors Affecting Productivity of Precast Concrete............cooooviiiiiiiiiiiiiiiiin, 44
4.3 DAta ANAIYSIS. ...t 45
4.3.0 Chi = SQUAIE TeSt. e niitit ittt e e e 45
4.3.2 Chi = SQUAIE ANALYSIS. ...\ttt ettt ettt et e e 47
4.3.3 Calculation 0f MOOE Values. .........ouiniei e 48
O 0} 4 Uod 1013 ' 51

Chapter 5: Conclusions and Recommendations

ST 11 0o 11 o o A TR 52
5.2 General Hypothesis. . ......ouiii i e 52
5.2.1 Result of Overall Hypothesis. ........ouieii e 52
5.3 Research Questions, Objectives and Research Findings................ooooiiiiiiiiiiis, 52
5.4 RECOMMENUALIONS. . ...\ttt ettt et e e e e e e 54
5.4.1 Recommendations on Adopting Precast Concrete Techniques.............cccoooviviiiiiininiinnn.. 54
5.4.2 Recommendations on the Improvement of Precast Concrete Productivity......................... 55
5.5 SUumMmMary and CONCIUSIONS. ... ..uititit i et e e e e 56

| 1S (3 0 1 TV P O PP SRS ¥ 4
Visible ResearCh Qutput......ccceieeeiiniiiiieiiieieeiaiiccnecesssnsocsssnsenseens03

APPENAIX A.ciiiriiiiiiiiiiiniiiieeicsiertossstcsssstcssssssssssssssscssssssssssssssee.04

Vi



LIST OF FIGURES

Figure 1.1: South Africa Labour ProductiVity.............oooiiiiii e 6
Figure 1.2: RESEAICH DESIGN. .. .. vt 8
Figure 2.1: ConCrete ProCeSS OVEIVIEW .. ....uieit ittt ettt et ettt e e neeeaes 12
Figure 2.2: Precast Concrete ProCesS OVEIVIEW .........cuiueirieirit ettt e e ene e 13
Figure 2.3: Precast Wall Installation-wall to Slab..................co i 14
Figure 2.4: Precast Wall Installation-wall toWall ..................... 14
Figure 2.5: Precast Concrete Slab Installation...............ccooiiiiiiiiiii e, 15
Figure 2.6: Precast Concrete COMPONENTS .. ...iur ettt e e, 17
Figure 2.7: Precast and Cast-in-situ Materials Wastage..............coooiiiiiiiiii e, 22
Figure 2.8.Waste Generated at @ CONStrUCTION Site...........oovviriiiiiiiiiiii e 22
Figure 2.9: Cost Comparison of Precast and Cast-in-situ Construction....................cccceeveiennnnn. 25
Figure 2.10 Cost Breakdown of Cast-in-place CONStruction................cccooviiiiiiiiiiiii, 26
Figure 2.11: INfOrmation SEQUENCE. .......ouvirie it e 28
Figure 2.12: Business Constraints in Property and Construction................ccoooeviiiiiiiiiinnnn. 29
Figure 2.13: Time Savings with the Use of Precast Concrete Techniques..............cocvviniinennnnnn. 31
Figure 3.1: RESEAICH DESIGN. .. ..v e e, 39
Figure 4.1: Experience of RESPONAENTS. .......ouitii e 40
Figure 4.2: Positions Held by ReSPONUENTS. ... ....ooviriiii e 41
Figure 4.3: Years of Experience within the INdUStry..... ... 41
Figure 4.4: Types of Company’s Respondents are Employed.............coooviiiiiiiiiiiiiiniieeene, 42
Figure 4.5: Respondents Use of Precast Concrete in Construction...............ccoooiiiiiiiiiiiinnn. 42
Figure 4.6: Factors Affecting the use of Precast CONCrete. ..........o.vvvviiiiiiiiieiiie e, 43
Figure 4.7: Factors Affecting Productivity of Precast Concrete...........c.ooveviviiiiiiniiiineniienn 44

vii



LIST OF TABLES

Table 2.1: Reduction in Construction Time Due to Productivity Improvement.......................... 19
Table 2.2: Comparative Summary of Precast Against Cast-in-situ Concrete Productivity............. 19
Table 2.3: Cost Comparison of Precast, Steel and Cast-in-situ Concrete...............cccooeeviiinnnn. 25
Table 4.1 Statistics Table. . ... ..ouie i e 46
Table 4.2 Chi Square Analysis (factors affecting the use of precast concrete)...............c........... 47
Table 4.3 Chi Square Analysis (factors affecting productivity of precast concrete)..................... 48
Table 4.4 Mode Analysis (factors affecting the use of precast concrete)..............cooovveviiniinninns 49
Table 4.5 Mode Analysis (factors affecting the productivity of precast concrete)....................... 50
LIST OF ACRONYMS

NPCA = National Precast Association

PCA = Precast Concrete Association

CPCI = Canadian Precast Concrete Institute
STC = Sound Transmission Class

VOC = Volatile Organic Compounds

CMA = Concrete Manufactures Association

viii



