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Abstract

BIM is identified as a recently introduced technology which delivers various advantages to
the construction industry. Despite of the available advantages of BIM adoption, many
developing countries still find this valuable technology impractical. As a result, this research
is primarily focused on identifying the difficulties of adopting Building Information
Modelling (BIM) in current building design and construction practice of Sri Lanka. The
study was focused on pre-construction stage because it has been highlighted that the
introduction of this technology in the early stage of a construction project assists in
achieving a successful completion of a project. With the intention of providing a basis for
conducting the study, an in-depth literature review was conducted to identify the enabling
processes of BIM in preconstruction phase of construction projects in global context. The
research aim was approached through a qualitative research strategy conducted in terms of a
case study where the data was collected using document review and semi-structured
interviews. The collected qualitative data was analysed with content analysis method to
identify the construction practice of BIM enabling activities in pre-construction stage of a Sri
Lankan construction project. The research findings further exposed the differences in
practice of BIM enabling activities between local context and global context in pre-
construction stage. Based on the discovery made on differences in construction practices the
difficulties of achieving the global best practices in local context were discovered.
Accordingly, the difficulties of applying BIM technology in preconstruction stage of a Sri
Lankan construction project were identified. The discovery of difficulties provides a basis
for identifying the expected challenges from adopting BIM in Sri Lankan context. Moreover,
further research directions can be suggested towards the areas such as concerning other
developing countries and focusing on difficulties of BIM implementation in construction
stage.

Key words: Pre-construction stage, BIM (Building Information Modeling), Sri Lankan
construction projects, BIM enabling processes



TABLE OF CONTENTS

Page
DECIAIALION. ...ttt bbbttt n e i
DEAICALION. ...ttt bbbttt I
ACKNOWIBAGMENT ..ottt et iii
ADSTTACT. ...t 1\
Table OF CONTENTS ...t nne s %
LISE OF FIQUIES. ..ttt viii
LISt OF tADIES ...ttt iX
LiSt OF @DDIEVIALIONS ......eeiiiicice s X
LISt OF @PPENAICES. .....eviieiiiciee bbb bbb Xi
CHAPTER 1
INTRODUCTION .....ootiieiiiteieie ettt saeseese st esesae e ssessesesseneesensens 1
I 2 F=Tod (o oW g o IR (N YR 1
1.2 RESEAICN PrODIEM ..o e 4
1.3 Aim and objectives Of the STUY ..o 4
1.4 Methodology Of the FESEAICH .......ccveiiiie e 5
1.5 Scope and lMITALIONS. .......ceiiiieiieie e e 5
CHAPTER 2
LITERATURE REVIEW ......coiiiiitee e 6
2.1 INEFOTUCTION ...ttt ettt ettt ettt n e nen e 6
2.2 Industry of construction and itS PrOJECES........ccoieiererererene st 6
2.3 CONSELIUCLION PrOJECE PIrOCESS ...vvereereereeseeeeieeeeeseeseeseeseeseeseeseesseseesseseeseeseeseesseneeseneans 7
2.3.1 Pre-construction stage of a construction Project..........ccccevceveverenenenieniesese s 9
2.4 BIM technology in construction iNUSEIY ..........ccccoveieiinenenene e 14
2.5 Enabling processes of BIM implementation in pre- construction stage.................... 17
2.6 Construction practice of Sri Lanka and BIM...........ccccooeiiiiiieieneeeeee e 24
2.7 SUMIMIAIY ..ttt ettt b e sbe ettt e s b e e st e bt e s b e et e et e e s be e nnn e e b e e nneennneenns 25
CHAPTER 3
RESEARCH METHODOLOGY ....occtiiiiiiiieiesieesieseeie e 26
L INEFOUUCTION ...ttt e et e e e e 26
3.2 RESEAICH PIrOCESS. .. ecvvevietieiteetie st eie s te ettt e et e s be e s e sbeenaesraenaesraenenneenes 26
3.2.1 BacKground STUAY ........ccueueiieieiieie e nne s 27
3.2.2 LIterature SYNTNESIS .. ...ciuveieiieie ettt nre s 27
3.2.3 ReSEarch ProbIem .........cccciiiiiiiiee e 27



3.2.4 RESEAICN ESION . .eeeviiieie ettt et 27

3.3 CASE STUAY ...ttt et e b et nnes 29
3.3.1 CaSe SEIECLION ....vveiieie e 29
3.3.2 Data COIBCLION ...t 30
3.3.3 Analysis of the collected data ............ccoeiereieniieie e 35

3.4 Validity and reliability of the reSearch ...........cccoviiiini 36

3.5 Difficulties Of the reSEArCh ..........ccooiiiiiee e 37

3.0 SUMMIAIY ...ttt e e e e b e s snneene e 38

CHAPTER 4

RESEARCH FINDINGS AND ANALYSIS ..ottt 39

ot [ 1 oo {1 o o SRR OS 39

4.2 Background of the selected Case.........cocuiviiiiieiiiiee e s 39

4.3 Project appraiSal SLAGE .......ceeverreiieiiiie s eie sttt 40
4.3.1 Identification of life cycle, facilities management aspirations and possible
CONSEIAINTS 1.ttt ettt sr et e e s e be e st e sbe e s e nbeeneesseeneesreeneenreas 41

4.4 DeSIgN DIt STAGE ..cvvevieie i 42
4.4.1 ldentification of project scope and formal agreement on desires, intentions,
procedures and results of the project plan .........cccccoviiii i 43
4.4.2 ldentification of project organization structure and defining roles, responsibilities
AN AULNOTTTIES. .. viitie et et e st e teeneesreenes 44
4.4.3 Creating and maintaining project specific names and COdes ............ccevvvrveriennnnn 45
4.4.4 Adopting @ CDE aPProaCh .........ccvevieiierieiiee et sneas 47
4.4.5 Agree on data eXChanQge PrOCESSES.......ueiviiiririerierieiesieesieseesieseessesseessesseesseeses 47
4.4.6 Clearly defining the EIR and main decision making requirements through
(000] 01 72103 £ J USRS OPRSPRRUPPOPRO 48
4.4.7 CoNAUCEING SItE ANAIYSIS .....eivverieiiieieciieie et nres 49

4.5 Conceptual designing PRASE .......ecvueiiiieiiiie e 50
4.5.1 Formal agreements established for adopting project quality plan and change
(o] 01 fo] I o] (01 (0ol o] £SO PSRTR 50
4.5.2 ldentification of key model elements...........ccovvvieiiiiiii e 52
4.5.3 Establishing the project origin and orientation ensuring the relation to both
project grid and SIte CONTEXT........ciiiieiiiiere e nre s 53
4.5.4 Create all models referring to the same project origin and orientation using a
conventional cartesian axis and common measurement UNit............ccccevveveieereesnennn. 53
4.5.5 Adopt @ qUAlILY POLICY.....ccviiieieiiee s 54
4.5.6 Defining information in MOGEIS..........coiiiiiiiiieiiee s 54
4.5.7 Using models to create architectural design ..........coceveviiiiiieninie e 55
4.5.8 Development of cost estimations based on the architectural cost models.......... 55

Vi



4.6 Design develOpMENT STAQE .......cciiiiiiiie e 56

4.6.1 Data SNAING ...cvviiiiiee e 57
4.6.2 Using models to create architectural, structural, MEP design implementation to
obtain a coordinated design MOodel ..o 57
4.6.3 Conducting detailed analysis to develop the design .........c.ccecvvieneninninieseenn, 58
4.6.4 Maintain and update architectural, structural and MEP models for statutory
SUDIMISSTIONS ...ttt e ettt ettt et n e e 59
4.6.5 Development of cost estimates of MEP services referring to MEP models....... 59
4.6.6 Produce comprehensive cost estimation and BOQs referring virtual design
MOTEIS ..ottt n e 60
4.7 TeChniCal deSIGN SEAGR .....c.viueeueeeeeieieie ettt 60
4.7.1 Preparation of technical designs and specifications............cc.ccooevcenveniicnenennenn 61
4.8 Production information STAgE..........cueiririeiiieie e 61
4.8.1 Development of Project data..........ccooeiererenieieieee s 62
4.8.2 Creating detailed models for major building elements of the project................. 62
4.9 Tender DOCUMENLALION SEAGE .. .cvveveerieieerieieieiie ettt 63
4.9.1 Enable access to design model to CONtractor ..........cccocvevievveiicie e 63
o O = o LT g o T TSy - Vo TR 64
4.10.1 Evaluation of the proposed approach, capability and capacity of each contractor
..................................................................................................................................... 64
4.11 Summary of research fiNdiNgS ........coooviiiiiie s 65
A.02 SUMIMAIY .ttt ettt et b e bt et e e b e s st e be e nbe e e nb e et e e nbe e e sbeebeenbeeenneenbe e 74
CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS ......coiiirieirenieesenie e 75
5.1 INEFOTUCTION ...ttt ettt n et 75
5.2 SUMMArY OF the STUAY ...c.veiieieicie e e 75
5.3 CONCIUSION ...ttt 77
5.4 Implications and reCOMMENdAtiONS ..........ccvviieriiieiiiiere e 77
5.4.1. IMPlICAtioNS 10 tNEOTY ......oveiieieeee s 78
5.4.2. Implications to conStruction iNAUSEIY .........cccooeiereiiieiereree s 78
5.5 Limitations of the reSEarch ..........cccceoviiiiiii e 78
5.6 Further research dirCHIONS ..........cocveiiiiieiie e 79
REFERENCE LIST ..ottt sttt nne s 80

Appendix A: Structure of the interview guideline
Appendix B: Sample of interview transcript
Appendix C: Findings of the research analysis

vii



LIST OF FIGURES

Page
Figure 1.1: Research methodology ........cccoveieiiiiiiie e 5
Figure 2.1: Stages of CONSLrUCtiON PrOJECE ......cccvevviiieiieie e 7
Figure 2.2: Decrease of uncertainty through time in project process ...........cccccveevennen. 8
Figure 2.3: Stages of a construction project as per RIBA plan of work 2007 ........... 10
Figure 2.4: Bew-Richards maturity ramp..........cccooeiiiinininieeeee e 15
Figure 3.1: Research methodology ........ccoooveriiiriiieiisie e 26
Figure 3.2: Flow of semi-structured iNterVIEWS ..........cccevverierieneeni e 34
Figure 4.1: Work stages in preliminary phase of a construction project ................... 40
Figure 4.2: BIM enabling processes in project appraisal stage...........cccccevvevveieennenn. 40
Figure 4.3: BIM enabling processes in design brief stage ..........cccccevevviviiviciiennen, 42
Figure 4.4: Difference in code systems used by different consultants....................... 45
Figure 4.5: BIM enabling processes in Conceptual design stage...........cccccvevveiveenenn. 50
Figure 4.6: BIM enabling processes in Design development stage ............cccceeveeene. 56
Figure 4.7: BIM enabling processes in Technical design stage..........c.ccocvvvvvrvenene 60
Figure 4.8: BIM enabling processes in production information stage..............cc...... 61
Figure 4.9: BIM enabling processes in tender documentation stage .............cccceeee. 63
Figure 4.10: BIM enabling processes in tender action Stage ...........ccevvvrerervrieenenn 64

viii



LIST OF TABLES

Page
Table 1.1: Chapter BreaKaOWN ........cc.eoiiiieiicc e 5
Table 2.1 Main tasks to be achieved in pre-construction stage of a construction
0] =T USSR 10
Table 2.2 Features of BIM IeVEIS.........ccoviiiiieee e 16
Table 2.3 Activities required for BIM implementation as identified by RIBA ......... 17
Table 2.4 Activities required for BIM implementation as identified in BS 1192:2007
.................................................................................................................................... 19
Table 2.5 Activities required for BIM implementation as identified under PAS 1192-
2 et h ettt h b LR Rt AR e A £ e £ e b e R e R e R e R e e Rt e R e e R e e R e b e R be e Re e R e e e ne e e s 20
Table 2.6 Activities required for BIM adoption as identified by BCAS .................. 21
Table 2.7 BIM enabling processes in pre-construction phase............ccccoccevvveevinennn. 22
Table 3.1 Sources referred under dOCUMENE FEVIEW.........ccoveieierieiieninicsiesieeeeenean 31
Table 3.2 General information of interviewees and mode of interview ................... 33
Table 3.3: Validity and reliability of the research............ccoooiiiiiiie, 36
Table 4.1: Details 0f the ProOJECES .......cccviiiiiieieie e 39
Table 4.2: Summary of the research analysis..........ccccooiiiiiieiie, 66



LIST OF ABBREVIATIONS

Abbreviation
AEC
BEP
BIM
BOD
BOQ
CBA
CDE
EIR
MEP
QS
RIBA

Description
Architecture, Engineering & Construction
BIM Execution Plan
Building Information Modeling
Basis of Design
Bills of Quantities
Cost Benefit Analysis
Common Data Environment
Employer’s Information Requirements
Mechanical Electrical and Plumbing
Quantity Surveyor
Royal Institute of British Architects



LIST OF APPENDICES

Appendix Description Page
Appendix - A Interview guideline 91
Appendix - B Sample interview transcript 95

Appendix - C NVivo structure 103

Xi



