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Abstract

Having a dream dwelling is one of the lifetime goals of the majority in our society.
In most urban settings, dwellings are in apartment complexes due to space
restrictions. Construction of such apartments at a reasonable price, acceptable quality
& within an expected time has become challenging due to the scarcity of resources,
especially skilled/ unskilled workers & materials. This challenge is particularly seen
in Sri Lankan due to the lower rate of adoption of new technologies such as precast
construction, which can reduce cost, increase efficiency and quality. Offsite
manufacturing and pre-casting of building elements are becoming popular all over
the world in the modern context Compared to other countries it seems that managers
and other decision-makers in Sri Lanka are reluctant to adopt precast construction
due to the lack of clear evidence on their optimization of resources. This research
carried out a comparison on cost, quality, and time optimization that can be achieved
with precast walling construction in apartment buildings. The scope of this study has
been limited to a study of non-load-bearing walls in the structure of apartment
buildings. Relevant data has been collected from experts in the field both partition
walls manufacture and the installers in construction sites. The research is handled as
a comparative study between traditional walling systems (cement sand blocks) and
precast panel systems (hollow core concrete precast panels). The findings of this
research would provide evidence on the optimization of resources of precast

construction and encourage their use to build apartment complexes.

Keywords: precast; hollow core panels; concrete wall panels; cement

sand blocks



Acknowledgements

First, I would be happy to express my sincere gratitude to my project supervisor Prof.
Mrs. Chintha Jayasinghe who gave me this great opportunity to do this project, and
the other academic and non-academic staff of the University of Moratuwa who also

helped me to complete this project.

Moreover, I would like to thank my wife, parents, and family members for being

patient and encouraging me during this period.

Further, I am thankful to my dearest staff members under the umbrella SECIN
Construction Pvt Ltd Employer release me at all times and creating me the required
work environment during the Course. I respect my clients BALLAST NEDAM,
China National Cable, and Ceylon Electricity Board for their understanding and

release me as required.

Also, I would like to express special gratitude to Eng. Neranjan Fernado (Director) -
Ekala Precast Industries and Eng. Sampath (Deputy General Manager)- International
Construction Consortium for permitting precast factory visits and providing their

assistance to the success of this research.

I wish to thank those, who encouraged me by responding to my research survey and
the Construction Organizations who gave me the most valuable information to

complete the task.

This report was a reality of the kind of support stated above and again, I

acknowledge all who helped me in numerous ways in completing this report.



Contents

AADSITACE ...ttt ettt ettt e a e sttt e et ee bt et e e bt e e e tre e e v
List Of ADDIEVIAIONS ....ccuuviiiiiiiiiiieiiie ettt e X
CHAPTER-O1-INTRODUCTION .......cutiiiiiiieeiiiiiiieeeeeeesciiiieeeeeeseeirereeeeesssesnenaeens 1
1.1 2o 4= { o U o EO OSSP PUPRPPRPIN 1
1.2 =TT o W O] o =Tot 1YL PRSP 5
1.3 SCOPE LIMITAtIONS ceveiiiiiiieeiiieeie et te e e e e e s st e e e aee e s s s aaeeneeees 5
1.4 SErUCTUIrE OFf the FEPOI...cee e e e e sree s 6
2: LITERATURE REVIEW. ... ..ottt eee e e eeeaeaeaaeaaeaaa s 7
2.1 Major Types of precast elements in building construction in Sri Lanka ............ccuee..e.. 8
2.1.1 Pre-stressed CONCIEETE ...c.uui ittt ettt ettt ettt st ee e ebbe e st ae s sabe e sateeeaneeas 8
2.1.2 Pre-stressed Concrete Composite SIabs ........eeevciiieiiiiiiiciciee e 9
2.1.3 NERD PrecCast SYSEEIMS ...uiiiiiiiiiiiiitiieeeeee e eiitte e eees et te e e e e e s s s sairaeeeeeaaeessnen 10
2.1.4 Expanded Polystyrene Sandwich Panels.........ccccccveeeiecieeecciciie e 12
2.1.5 Hollow Core Concrete Precast Panels (HCCPP).......cccoocveeeeeciiveeeecciee e, 14

2.2 Properties of the Precast EIEMENTS .......cc.eeouiieiiiiieiiee et 16
2.3 Construction methods affected the Environment ...........cccoevveeiiineeneeniineecieeceeene, 20
2.4 CONSEIUCLION WASTE ..eoiiieiiiiie ettt st s e s e s e e 20
2.4.1 Sources Of CONSEIUCTION WASTE ...cc.iiiuieiiiieie ettt sttt 20

2.5 Advantages of Using Precast EIemMeNnts.......ccccccvveeciieiiie et e 22

3. FIELD STUDY ..oceitiiiieie ettt ettt e e e e ettt eae e e s esnsbaaaeessesnssanaeaeesnennssenes 24
3.0 GENEIAL .ttt et b e et a e she et e n e e ennee 24
3.2.3 QUESLIONNAITE SUINVEY ..euiiiiieiieieieiiiiieteeeees e sttt teeeeeesesssasrereeeeeessssesnreaeeaeaesasssnns 25
3.2.3 Sample selection and Target SroUp ........ceeivveeiiieiiiie et 25

4. ANALYSIS OF FIELD STUDY RESULTS ...ttt eeiireee e 27
A1 GENEIAL ittt et ettt et ettt sab e s abe e sate e e neeeaneeean 27
4.2 Data Collection & Analysis- QUAlItatiVe ......cceeeciieeeiiiiii e 27
4.3 Data Collection & Analysis- QUANTItAtiVe......cccciieeiiiiiiie e 32
5. CONCLUSIONS & RECOMMENDATIONS ....ooiiiiiiiiiiiiieeeeeeeiiiree e 37
5.1 CONCIUSIONS ..ttt ettt ettt ettt st e e bt e e st e st ee s bbeeeabaeebbeesabeeesabe e nbeeenneeenne 37
5.2 Recommended Future RESEarches.........coceeieiiiiiie it 37
RELETENCES ... e e e ettt e e e e e e etaraaeaeesenaaees 38

vi



List of Tables

Table 1: Distribution of the research respondents...........c.ccccceveeeiiiieeiiiereeiieee e, 28
Table 2: Cost of Partition walls for one entire floor with cement blocks.................. 32
Table 3: Cost of Partition walls for one entire floor with HCCPP...........coovvvvueenen.... 33

Table 4: Summary of the comparison between Cement Blocks and the HCCPP ......34

Table 5: Cost Comparison between Cement Blocks and HCCPP...............cccceeneee. 35

vii



List of

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10

Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:

Figure 20:

Figures
Employed population by industry group 2014-2020 [DCS 2020]............ 2
Employed population by employment status [DCS 4™ Quarter 2018].......... 2
Currently Employed Person by Industry Group [DCS 4™ Quarter 2018].....3
Traditional Partition Walling Using Materials..........ccccccoovvirnieenieeenneennne. 4
Bird's Eye View of a Few High Rise Buildings in Colombo....................... 7
Pre-Tension and Post-TeNSI0N. ........cccceeruiiriiiiiiiieiiieeiee e 9
Pre-stressed Concrete Composite slabs ...........cecvveeeriiieiinciieeeeiiieeeeenn. 10
NERD SIab SYSteML.....ccuviiiiiiiieieiiiiee et eeeereeeesiee e eseieeeeenreeesseraeeaenens 11
EPS Walling SYSteIM ......cccecviiiiiiiiieeeeiiee e esiiee et ee e eieeee e e e e 13
: HCCPP Factory in INdi@..........c.ccooveiiiiiiciiiieeiiee et 14
HCCPP Factory Visit to ICC Pvt Ltd .....cooovoiiiiiiieee e, 15
Standard temperature-time CUIVe. .........ueeeecuiiereiiieeeeiieeeeieee e e e 17
Three-point bending eXperiment.............cceevvveeeeiiieeereieeee e eeerreee e 18
Three-point bending experiments and load-displacement ....................... 19
Procedure adopted in the field study..........cccceereiiiiiiiiiii e 24
Partition wall material uses in current projects .........cceevevveeeererveeessneeennns 29
Partition wall material used in the past 5 years in projects...................... 29
Experience in lack of labor in construction projects...........cccceveeeveeeensne. 30

Work study carried out to compare the partition walling materials &

viii



List of Abbreviations

HCCPP - Hollow Core Concrete Precast Panels
TWHCPP - Two-Way Hollow Core Precast Panels

EPS - Expanded Polystyrene Sandwich

GFRP - Glass Fiber Reinforced Plastic

CMC - Colombo Municipal Council

NWSDB - National Water Supply & Drainage Board
CECB - Central Engineering Consultancy Bureau
NHDA - National Housing Development Authority
NERD - National Engineering Research and Development Center
ICC - International Construction Consortium

CIDA - Construction Industry Development Authority
DCS - Department of Census and Statistics

GM - General Manager

DGM - Deputy General Manager

ICB - International competitive bidding

EOT - Extension of Time

WSP - Welded Stitch Plate

QS - Questionnaire Survey



List of Appendices

Appendix Description Page
Appendix | Questions for the Survey 39
Appendix II Responses for the Questionnaire Survey 49

List of Projects Used HCCPP 73

Appendix 11T




