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ABSTRACT 

Integrated Project Delivery (IPD) in the Architecture, Engineering and Construction 

(AEC) is characterised by risk/reward sharing, deferring paying the parties’ profits 

until all project activities are completed, and replacing the tender stage by buyout 

stage without traditional biding. IPD in integration with Building Information 

Modelling/Management (BIM) is an optimal approach for delivering construction 

projects. This is, however fraught with complications, due to the lack of practical 

methods to direct this integration, and the inability of current cost management 

practices in developing accurate compensation structures, providing detailed cost 

information during the buyout stage (to enable parties to make the right decision), 

and  determining fair risk/reward ratio in IPD arrangements. 

This research presents a comprehensive cost management system/solution for cost 

estimation, budgeting, and risk/reward sharing, by presenting;  (1) an innovate 

approach to utilise 5D BIM capabilities with Monte Carlo simulation, hence 

providing reliable cost estimation during the conceptual Target Value Design (TVD) 

stage, (2) mathematical models that are developed through integrating Activity Based 

Costing (ABC) into 5D BIM to determine the three IPD’s cost structure limbs, (3) a 

novel mechanism of managing overhead costs through distinguishing between saved 

resources from the organisation level to the daily task level, to increase the trust 

amongst parties, (4) development of a framework to generate a cash flow approach 

using BIM tools (considering that IPD does not include tender stage), (5) 

development of a model (based on the framework) that displays all estimated cost 

data of each package as minimum/maximum estimated cash inflow during the buyout 

stage, for informed decision making. Regarding the risk/reward sharing solution, extant 

literature has highlighted the advantages of Earned Value Management-based (EVM) 

method for risk/reward sharing, and how ABC method can facilitate automating the 

sharing process. This study proposes an innovative approach to exploit the capabilities of 

these techniques coupled with BIM in automating/optimising the process of IPD 

risk/reward sharing. This includes providing mathematical equations for risk/reward 

sharing and developing a model that strengthens IPD parties’ relationships.  

Diverse Information and Communication Technologies (ICT) were adopted to develop 

the cost management system that comprises of two sub-systems; a Centralised Cost 
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Management System (CCMS) and a Decentralised Cost Management System (DCMS). 

CCMS enables implementing the developed framework, and includes an integrated 

database for cost estimation, budget, and sharing risk/reward calculations. It is also linked 

with an interactive web-based management system to enable IPD core team members to 

check their package costs, making the decision during the buyout stage according to the 

displayed cash flows, access to a comprehensive financial report that includes the three 

main transaction in every payment milestone, and tracking the project status graphically 

using the developed EVM-Web grid. This system has been validated using an illustrative 

case study. DCMS enables all parties to control and track financial transactions, secured 

with no unauthorised change allowed using blockchain technology. As the first of its kind, 

this technology is adopted in the present study, in developing a framework to propose 

utilising the blockchain technology in delivering IPD-based projects. The outcome 

enables IPD’s core team members to execute all financial transactions automatically, 

through coding IPD’s three main transactions – reimbursed costs, profit and cost saving 

– as functions of the IPD’s smart contract. To demonstrate the applicability of the 

proposed framework, a proof of concept prototype is developed and validated through an 

IPD case project; the practicality of the built-up hyperledger network (IBM blockchain 

cloud beta 2) and the advantages of the proposed smart contract functions are examined. 

Findings demonstrate that the proposed financial system is user-friendly and very 

efficient in automating all transactions. No deficiency in the blockchain network 

components is observed. This research will foster the adoption of IPD across the AEC 

industry by providing a workable solution to existing financial barriers. It also opens a 

new horizon for researchers and practitioner to exploit blockchain in solving comparable 

deficiencies affecting the AEC industry.  

The research findings have been validated by interviewing BIM and IPD experts. The 

interviewees confirmed the applicability, practicability and validity of the developed 

framework and tools to deal with the revealed challenges of the IPD. The findings of this 

research are recommended by IPD experts to be presented to the industry as a set of steps 

to globalise its adoption.  

 

 

 



vii 
 

Table of Contents 

CHAPTER ONE: RESEARCH OVERVIEW ......................................................................... 1 

1.1. INTRODUCTION ........................................................................................ 1 

1.2. BACKGROUND ........................................................................................... 1 

1.3. RESEARCH AIM AND OBJECTIVES ................................................... 10 

1.4. RESEARCH METHODOLOGY .............................................................. 11 

1.4.1. The Adopted Methods ......................................................................................... 12 

1.5. RESEARCH MOTIVATION AND GAP ................................................. 15 

1.6. CONTRIBUTION TO THE BODY OF KNOWLEDGE ....................... 17 

1.7. THESIS STRUCTURE .............................................................................. 20 

1.8. CHAPTER SUMMARY............................................................................. 23 

CHAPTER TWO: IMPLICATIONS OF COST MANAGEMENT FOR BIM AND IPD 24 

2.1. INTRODUCTION ...................................................................................... 24 

2.2. BACKGROUND OF COST MANAGEMENT PROCESS .................... 24 

2.3. THE TASKS OF THE COST MANAGEMENT PROCESS ................. 26 

2.3.1. Cost Estimation ................................................................................................... 26 

2.3.2. Cost Budget and Control ..................................................................................... 27 

2.4. THE TRADITIONAL COST MANAGEMENT PROCESS .................. 28 

2.5. CHALLENGES OF THE COST MANAGEMENT PROCESSES ....... 30 

2.5.1. Cost Estimation Challenges ................................................................................ 30 

2.5.2. Cost Budgeting and Controlling Implementation and Challenges ...................... 32 

2.6. THE INTEGRATION CHALLENGES IN THE COST 

MANAGEMENT PROCESSES .............................................................................. 34 

2.7. ACTIVITY BASED COSTING (ABC) .................................................... 38 

2.8. COMPARISON OF ACTIVITY-BASED COSTING (ABC) AND 

TRADITIONAL COSTING METHODS ............................................................... 39 

2.9. EARNED VALUE MANAGEMENT ....................................................... 41 

2.10. CAPABILITIES OF MONTE CARLO SIMULATION ........................ 45 

2.11. INTEGRATED PROJECT DELIVERY (IPD) ....................................... 47 

2.11.1. The Benefits of IPD in Construction Projects .......................................... 49 

2.11.2. IPD-Based Cost Estimation .............................................................................. 50 

2.11.3. TARGET VALUE DESIGN (TVD) ................................................................ 52 

2.12. BUILDING INFORMATION MODELLING/MANAGEMENT .......... 54 

2.12.2. Overview of BIM Dimensions and Levels .......................................................... 54 

2.12.3. 4D BIM Implementation and Challenges ........................................................... 57 

2.12.4. BIM and Cost Management ................................................................................ 59 

2.12.5. BIM and cash flow .............................................................................................. 64 



viii 
 

2.12.6. 4D/5D BIM Automation ..................................................................................... 66 

2.12.7. The Applicability of Integrating IPD, BIM and TVD ......................................... 67 

2.13. THE REQUIREMENTS OF THE COST MANAGEMENT PROCESS 

—THE HIGHLIGHTED RESEARCH GAP—OF THE IPD APPROACH ....... 72 

2.13.1. Research Gap in Cost Estimation Operation within IPD .................................... 72 

2.13.2. Cash Flow-Cost Budgeting— Research Gap ...................................................... 73 

2.13.3. Research Gap Regarding Cost Control and Sharing Risk/Reward within IPD ... 75 

2.14. CONCLUSION ........................................................................................... 78 

CHAPTER THREE: OVERVIEW OF INFORMATION COMMUNCATION 

TECHNOLOGY (ICT) AND BLOCKCHAIN IN CONSTRUCTION MANAGEMENT 80 

3.1. INTRODUCTION ...................................................................................... 80 

3.2. OVERVIEW OF INFORMATION AND COMMUNICATION 

TECHNOLOGY (ICT) IN CONSTRUCTION ...................................................... 80 

3.3. WEB APPLICATIONS IN DATA SHARING FOR CONSTRUCTION 

INDUSTRY ................................................................................................................ 82 

3.4. BLOCKCHAIN/DISTRIBUTED LEDGER TECHNOLOGY (DLT) .. 83 

3.4.1. Smart Contracts ................................................................................................... 84 

3.4.2. The Blockchain Platforms and Consensus Mechanisms ..................................... 85 

3.4.3. Hyperledger-Fabric and Chaincode .................................................................... 86 

3.5. BLOCKCHAIN/SMART CONTRACTS IN CONSTRUCTION .......... 88 

3.5.1. Previous Works ................................................................................................... 91 

3.6. BIM, IPD AND SMART CONTRACTS INTEGRATION .................... 93 

3.6.1. Decision Criteria for Selecting a Suitable Blockchain Platform for IPD ............ 95 

3.7. BARRIERS TO IMPLEMENT BLOCKCHAIN/SMART 

CONTRACTS FOR CONSTRUCTION PROJECT DELIVERY ..................... 100 

3.8. JUSTIFICATION OF USING BLOCKCHAIN IN THE 

CONSTRUCTION PROJECT DELIVERY ......................................................... 102 

3.9. CONCLUSION ......................................................................................... 103 

CHAPTER FOUR: RESEARCH DESIGN AND METHODOLOGY .............................. 105 

4.1. INTRODUCTION .................................................................................... 105 

4.2. RESEARCH PHILOSOPHY .................................................................. 105 

4.2.1. Ontology ........................................................................................................... 106 

4.2.2. Epistemology .................................................................................................... 107 

4.2.3. Axiology ........................................................................................................... 109 

4.3. RESEARCH APPROACH....................................................................... 110 

4.3.1. Deductive Approach ......................................................................................... 110 

4.3.2. Inductive Approach ........................................................................................... 111 

4.3.3. Abduction Approach ......................................................................................... 112 



ix 
 

4.4. RESEARCH CHOICE ............................................................................. 113 

4.4.1. Quantitative Research ....................................................................................... 114 

4.4.2. Qualitative Research ......................................................................................... 115 

4.4.3. Mixed Research Methods .................................................................................. 116 

4.5. Time Horizon............................................................................................. 117 

4.6. RESEARCH METHODS ......................................................................... 117 

4.6.1. Experiments ...................................................................................................... 118 

4.6.2. Case study ......................................................................................................... 118 

4.6.3. Ethnographic Research ..................................................................................... 120 

4.6.4. Action Research ................................................................................................ 121 

4.6.5. Grounded Theory .............................................................................................. 121 

4.6.6. Surveys .............................................................................................................. 122 

4.6.7. Questionnaire .................................................................................................... 122 

4.6.8. Literature Review and Document Analysis ...................................................... 124 

4.6.9. Interview ........................................................................................................... 127 

4.7. ADOPTED RESEARCH METHODS AND TECHNIQUES ............... 131 

4.8. DATA VALIDITY AND RELIABILITY ............................................... 134 

4.8.1. Validity ............................................................................................................. 134 

4.8.2. Reliability .......................................................................................................... 135 

4.9. ETHICAL CONSIDERATIONS OF THE RESEARCH ..................... 136 

4.10. SUMMARY ............................................................................................... 136 

CHAPTER FIVE: POINT OF DEPARTURE ..................................................................... 138 

5.1. INTRODUCTION .................................................................................... 138 

5.2. RELIABILITY OF DATA ....................................................................... 138 

5.3. THE DESCRIPTIVE FINDINGS OF PRIMARY DATA .................... 140 

4.10.1. THE CHARACTERISTICS OF THE PARTICIPANTS.................................. 140 

5.4. THE BIM-BASED COST MANAGEMENT PROCESS ...................... 143 

5.4.1. Cost Management Tools ................................................................................... 143 

5.4.2. Overhead Costs in Construction Projects .......................................................... 144 

5.4.3. Cost Control Practices in Construction Projects ............................................... 146 

5.5. Evaluation of the Current 4D/5D BIM Integration ............................... 148 

5.5.1. PROPOSING ADDITIONAL FEATURES TO IMPROVE THE 

PERFORMANCE OF THE IMPLEMENTATION.......................................................... 148 

5.6. BIM-BASED INTEGRATED PROJECT DELIVERY (IPD) 

APPROACH ............................................................................................................ 149 

5.6.1. The Participants’ Experiences with IPD ........................................................... 150 

5.6.2. Main IPD Barriers Based Cost Management .................................................... 151 



x 
 

5.6.3. Adding Features to Foster IPD Implementation ............................................... 152 

5.7. SUMMARY ............................................................................................... 156 

CHAPTER SIX: FRAMEWORK DEVELOPMENT ......................................................... 158 

6.1. INTRODUCTION .................................................................................... 158 

6.2. COST ESTIMATION BASED IPD STAGES ....................................... 159 

6.2.1. Conceptualisation and Outline Design Stages .................................................. 159 

6.3. DETAILED DESIGN STAGE ................................................................. 164 

6.4. DOCUMENTATION AND BUYOUT STAGES ................................... 164 

6.4.1. Activity-based costing (ABC) estimation sheet ................................................ 166 

6.4.2. Formulation of the IPD-based ABC model ....................................................... 167 

6.5. CASH FLOW BASED IPD CHARACTERISTICS .............................. 172 

6.5.1. Data Integration (4d/5d BIM) Within IPD Approach ....................................... 172 

6.5.2. Formulation of Cash-Flow Model ..................................................................... 174 

6.5.3. Different IPD cash flow scenarios .................................................................... 177 

6.5.4. BIM-Based Cash Flow ...................................................................................... 178 

6.6. COST CONTROL AND RISK/REWARD SHARING SYSTEM ....... 179 

6.6.1. Implementation Process .................................................................................... 180 

6.7. THE FRAMEWORK TASKS OVER IPD STAGES ............................ 189 

6.8. USING DLT TO SHARE AND VALIDATE THE RISK/REWARD 

SHARING DATA .................................................................................................... 191 

6.8.1. Conceptualisation to Buyout ............................................................................. 192 

6.8.2. Construction Stage (Processing and Reflection) ............................................... 196 

6.8.3. The Close-Out Stage ......................................................................................... 198 

6.8.4. Interoperability among BIM, IPD and Blockchain ........................................... 200 

6.9. SUMMARY ............................................................................................... 202 

CHAPTER SEVEN: PROTOTYPE DEVELOPMENT AND VALIDATION ................. 204 

7.1. INTRODUCTION .................................................................................... 204 

7.2. PROTOTYPE DEVELOPMENT ........................................................... 204 

7.2.1. Centralised Cost Management System (CCMS) for IPD .................................. 204 

7.2.2. Developing an Interactive Web Interface to Display the Project Data —

CCMS4IPD. ...................................................................................................................... 214 

7.2.3. Model Integration and Flow of Data through the CCMS and IPD Stages ........ 223 

7.2.4. The Decentralised Cost Management System (DCMS) of IPD using the 

Blockchain Technology .................................................................................................... 225 

7.3. A PRACTICAL CASE—AN ILLUSTRATIVE CASE STUDY .......... 234 

7.3.1. Cost Estimation ................................................................................................. 236 

7.3.2. Buyout Stage (Cash Flow) ................................................................................ 246 

7.3.3. Construction Stage (Cost Control and Sharing Risk/Reward) .......................... 260 



xi 
 

CHAPTER EIGHT: THE RESEARCH FINDINGS VALIDATION ................................ 270 

8.1. INTRODUCTION .................................................................................... 270 

8.2. THE CHARACTERISTICS OF INTERVIEWEES ............................. 270 

8.3. ENGAGING WITH PARTICIPANTS ................................................... 272 

8.4. INTERVIEW ANALYSIS AND FINDINGS ......................................... 274 

8.4.1. The Evaluation of the Framework Processes and Tasks ................................... 275 

8.4.2. The Applicability of the CCMS Tools (The Database and CCMS4IPD Web 

System) 276 

8.4.3. The Practical Implications of the Proposed Tools (CCMS4IPD and 

Blockchain/Smart Contract Tools) .................................................................................... 277 

8.4.4. The Interviewees Recommendations for Additional Features .......................... 278 

8.4.5. The Implications of Blockchain and Smart Contracts ...................................... 279 

8.4.6. The Degree of Satisfaction of the Framework and Prototype ........................... 281 

8.5. SUMMARY ............................................................................................... 282 

CHAPTER NINE: CONCLUSION, RECOMMENDATION AND FUTURE WORKS . 283 

9.1. INTRODUCTION .................................................................................... 283 

9.2. ACHIEVEMENT OF RESEARCH OBJECTIVES .............................. 283 

9.3. RESEARCH PRACTICAL IMPLICATIONS ...................................... 292 

9.3.1. The Practical Implications of CCMS ................................................................ 292 

9.3.2. The Practical Implications of DCMS—Blockchain based IPD. ....................... 293 

9.4. RESEARCH LIMITATION AND FUTURE RESEARCH ................. 296 

9.4.1. Cost Estimation ................................................................................................. 296 

9.4.2. Cost Budget ....................................................................................................... 297 

9.4.3. Cost Control and Developed Sharing Risk/Reward Model .............................. 297 

9.5. SUMMARY ............................................................................................... 299 

10. References .................................................................................................................... 301 

11. Appendixes................................................................................................................... 328 

11.1. Appendix A (Ethical approval) ................................................................ 328 

11.2. Appendix B (questionnaire form) ............................................................ 331 

11.3. Appendix C (interview form) ................................................................... 338 

11.4. Appendix D (Sample of interview script) ............................................... 341 

11.5. Appendix E (3D BIM documents for the case study) ............................ 342 

11.5.1. 3D BIM model .................................................................................................. 342 

11.5.2. List of Schedules ............................................................................................... 344 

11.6. Appendix F (CCMS Outcome for the Case Study) ................................ 345 

11.6.1. CCMS (ABC sheet) .......................................................................................... 345 

11.6.2. CCMS (LIMB-1 sheets) .................................................................................... 346 



xii 
 

11.6.3. CCMS (Compensation structure) ...................................................................... 346 

11.6.4. CCMS (Developing calculation fields for sharing/reward model) ................... 346 

11.7. Case study cost estimation sheets ............................................................ 348 

11.7.1. Direct and indirect cost estimation based BIM data ......................................... 348 

11.7.2. Monte Carlo Simulation based BIM Data Sample ............................................ 349 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

LIST OF FIGURES  

Figure 1. Research’s aspects interrelationships ......................................................................... 10 

Figure 2.The research logic of proposed methods ..................................................................... 14 

Figure 3.The interrelationships between thesis’ chapters .......................................................... 23 

Figure 4. Cost management through the project lifecycle (Kujala et al., 2014) ........................ 28 

Figure 5. The architectural system of EVM data collection and analysis (Wilson et al., 2013). 44 

Figure 6. The IPD stages and the involved parties during each stage (AIA, 2010). .................. 48 

Figure 7. Design effect/effort for traditional and integrated methods (AIA, 2010). .................. 49 

Figure 8. Compensation approach structure, adapted from Zhang and Li (2014) ..................... 51 

Figure 9. OPS ranges for Risk/Reward ratio, adapted from Ross (2003) .................................. 52 

Figure 10. Illustrates the differences between the different levels of adopting BIM (Porwal and 

Hewage, 2013). ........................................................................................................................... 55 

Figure 11. The research onion (adapted from (Saunders et al., 2007)) .................................... 106 

Figure 12. A snapshot of the creation of themes using “Nvivo”. ............................................. 131 

Figure 13.the entire research design ......................................................................................... 133 

Figure 14.The profession of participants. ................................................................................ 140 

Figure 15.Shows the experience ranges of the survey participants. ......................................... 141 

Figure 16.The BIM disciplines for participants ....................................................................... 142 

Figure 17.The BIM implementation level of the participants’ organisations .......................... 143 

Figure 18.The performance of 5D BIM for cost estimation process........................................ 144 

Figure 19.The proportion of overheard costs for participants’ organisations/projects ............ 145 

Figure 20.The Method of determining the overhead cost ........................................................ 145 

Figure 21.The applicability of Activity Based Costing (ABC) ................................................ 146 

Figure 22.The participants’ experiences with IPD ................................................................... 150 

Figure 23.Measuring the understanding of participants in relation to IPD .............................. 151 

Figure 24.Cost estimation within conceptualisation and outline design stages ....................... 163 

Figure 25.ABC Hierarchy levels: Comparison between traditional delivery operational levels 

(left) and IPD approach (right).................................................................................................. 165 

Figure 26.ABC structure sheet with correlation between 4D/5D BIM .................................... 167 

Figure 27.Compensation under the IPD approach using ABC estimation ............................... 169 

Figure 28.Structure of IPD cost estimation for each party ....................................................... 169 

Figure 29.Cost estimation data flow within IPD pre-construction stages ................................ 171 

Figure 30.Data Flow within IPD Approach ............................................................................. 174 

Figure 31.Proposed cash flow of IPD approach ....................................................................... 176 

Figure 32.IPD Cash Flow Scenarios ........................................................................................ 177 

Figure 33.BIM and IPD Cash Flow Correlation ...................................................................... 178 

Figure 34.Compensation under the IPD approach using ABC estimation ............................... 180 

Figure 35.Function to assess the overall project situation and the limb location ..................... 181 

Figure 36.EVM-Based IPD with considering ABC estimating approach ................................ 186 

Figure 37.EVM-based IPD approach implementation flowchart ............................................. 188 

Figure 38.The summary of the framework tasks over the IPD stages ..................................... 190 

Figure 39.The framework: IPD-based hyperledger fabric ....................................................... 196 

Figure 40.The architecture of the IPD-based smart contract transaction ................................. 198 

Figure 41.The interoperability among BIM, IPD and the chaincode system ........................... 201 

Figure 42.The Database structure of the CCMS ...................................................................... 207 

Figure 43.The structure of the database tables of the CCMS................................................... 209 

Figure 44.The entry form of the CCMS ................................................................................... 212 

file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854506
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854507
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854508
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854509
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854510
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854511
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854513
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854513
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854514
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854515
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854516
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854517
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854518
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854519
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854520
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854521
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854522
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854523
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854524
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854525
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854526
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854527
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854529
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854531
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854532
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854533
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854534
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854535
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854536
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854537
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854538
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854539
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854540
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854541
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854543
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854544
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854545
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854546
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854547


xiv 
 

Figure 45.The user interface of the CCMS .............................................................................. 213 

Figure 46.Snapshot of the Macro and a sample of added message to direct the users ............. 213 

Figure 47.The CCMS4IPD non-data pages ............................................................................. 215 

Figure 48.The structure of the CCMS4IPD based web system ................................................ 216 

Figure 49.The database tables and web-pages ......................................................................... 217 

Figure 50.The cost management contents of CCMS4IPD ....................................................... 219 

Figure 51.The financial report pages ....................................................................................... 222 

Figure 52.The path of creating data within the CCMS ............................................................ 223 

Figure 53. The logic of the proposed “Proof of Concept” blockchain based IPD framework . 226 

Figure 54.The developed blockchain network based on IPD ................................................... 228 

Figure 55.The MSP for the organisation members .................................................................. 229 

Figure 56.Creating a channel to assign the data to the network participants ........................... 230 

Figure 57.Snapshot of the developed chaincode based on IPD financial transactions ............ 231 

Figure 58.Snapshot of installing and instantiating smart contracts on blockchain-IPD network

 .................................................................................................................................................. 232 

Figure 59.Total material and labour costs prepared by Monte Carlo simulation ..................... 237 

Figure 60.Organisation overhead costs (ABC estimation) ....................................................... 237 

Figure 61.Cost drivers of overhead operations ........................................................................ 238 

Figure 62.The ABC cost structure of the case study ................................................................ 239 

Figure 63.IPD cost structure using two costing methods ......................................................... 243 

Figure 64.Deviations between ABC estimation and traditional estimation for each package . 243 

Figure 65.The overhead contribution level between all participants ....................................... 245 

Figure 66.Snapshots of the cost estimation data from the CCMS4IPD web system ............... 246 

Figure 67.4D BIM - Navisworks Platform .............................................................................. 248 

Figure 68.5D BIM model - Navisworks Platform ................................................................... 248 

Figure 69. Estimated overdraft of each Package ...................................................................... 256 

Figure 70.Packages cash in deviations’ percentage ................................................................. 257 

Figure 71.Cost budget data based CCMS4IPD web system .................................................... 259 

Figure 72.The IPD cost structure ............................................................................................. 260 

Figure 73.The risk/reward report for scenario 1 ...................................................................... 262 

Figure 74.The risk/reward report for scenario 2 and 3. ............................................................ 265 

Figure 75.Result analysis of displaying risk/reward values on EVM-web system .................. 268 

Figure 76.The respondents’ level of understanding IPD approach .......................................... 272 

Figure 77.The generated codes according to interviewee’s responses ..................................... 274 

Figure 78.The mind map of the interview codes ...................................................................... 274 

Figure 79.The outcome of words relationships search for words (Trust, collaboration, 

transparency). ............................................................................................................................ 276 

Figure 80.The outcome of words relationships search for words (Information) ...................... 278 

Figure 81.The outcome of words relationships search for words (framework) ....................... 279 

Figure 82.The outcome of words relationships search for words (blockchain). ...................... 280 

Figure 83.The outcome of words relationships search for words (Yes) .................................. 281 

 

 

 

file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854548
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854549
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854550
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854552
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854553
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854554
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854555
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854556
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854558
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854559
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854563
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854564
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854566
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854569
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854570
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854572
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854574
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854575
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854576
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854578
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854579
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854581
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854582
file:///C:/Users/elghaisf/Desktop/Faris-bound%20thesis.docx%23_Toc43854582


xv 
 

LIST OF TABLES 

Table 1. Cost management challenges of IPD approach............................................................. 76 

Table 2. The related works of blockchain ................................................................................... 91 

Table 3.The permissioned blockchain platforms and the IPD financial characteristics ............. 97 

Table 4.the Cronbach alpha coefficient (CA) test for the questionnaire results ....................... 139 

Table 5.The descriptive statistics of the EVM performance and the generic BIM-based cost 

management .............................................................................................................................. 147 

Table 6.The descriptive statistics of the evaluation of the current 4D/5D BIM integration ..... 148 

Table 7.Adding features to BIM-based cost management ........................................................ 149 

Table 8.The IPD main barriers .................................................................................................. 152 

Table 9.The proposed solutions to improve cost management practices of the IPD ................ 153 

Table 10.Cases summary and required models ......................................................................... 182 

Table 11.The evaluation of financial parameters during the IPD close-out stage .................... 199 

Table 12.Compensation structure components ......................................................................... 240 

Table 13.ABC hierarchy contribution ....................................................................................... 244 

Table 14.Cost Packages ............................................................................................................ 250 

Table 15.Estimated Cash Flow Distribution ............................................................................. 250 

Table 16.Monthly cost data – Scenario 1 .................................................................................. 260 

Table 17.Monthly cost data - Scenario 2 and 3 ......................................................................... 263 

Table 18.The characteristic of interviewees ............................................................................. 271 

 

 

 

 

 

 

 



1 
 

CHAPTER ONE: RESEARCH OVERVIEW 

1.1.INTRODUCTION 

This chapter presented the research background and how the proposed cost management 

system is important for the IPD approach. The research gap to show the motivation 

beyond this research is introduced, as well as, presenting the justified reasons beyond 

each tool and techniques that are used to develop the proposed framework. Research aim 

and objectives are introduced by highlighting the proposed research methods to fulfil the 

mentioned objectives. To show the significance of the research, the function of each tool 

in the framework (i.e. EVM-Grid and blockchain) is presented with highlighting how 

each tool can contribute to the body of the knowledge, as well as, industry practitioners.     

1.2.BACKGROUND  

Integrated Project Delivery (IPD) is characterised by the early, collaborative and 

collective engagement of key stakeholders through all phases of delivering a project 

(Ashcraft, 2014a, Ahmad et al., 2019). Compared to common methods of project delivery, 

such as design-bid-build, construction management at-risk and design-build, IPD is 

proving distinctly superior in performance (Asmar et al., 2016, Manata et al., 2018). 

Evidence shows that IPD can result in improving 14 metrics of project performance with 

these including quality, scheduling, communication management and cost performance, 

among others (Asmar et al., 2016, Ahmad et al., 2019). 

IPD relies on open pricing techniques and fiscal transparency among participants (Ahmad 

et al., 2019). In addition, project stakeholders, such as designers and contractors, typically 

assess and determine their profit and shared risks, according to the deviation between 

actual and target costs (AIA, 2007). 

Evidence, however, shows that the percentage of real-life projects using IPD is small 

(Pishdad-Bozorgi, 2017, Hamzeh et al., 2019), mainly due to the negative influence of 
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barriers that hinder widespread use of IPD (Ghassemi and Becerik-Gerber, 2011b, Sun et 

al., 2015, Teng et al., 2017). Successful delivery of a project through IPD is not easy, and 

IPD requires fulfilling a wide range of requirements and establishing various support 

systems (Fischer et al., 2017b). Failure in establishing these support systems creates 

barriers, examples are flawed IPD compensation model, resistance to information 

sharing, ineffective decision-making regimes, and disagreement on liability waivers 

among stakeholders (Kent and Becerik-Gerber, 2010, Smith et al., 2011). Of these, the 

IPD compensation model, also called risk/reward compensation, is of cardinal importance 

(Ma et al., 2018) and described as a key principle of IPD (Ma et al., 2018) that plays a 

pivotal role in stimulating creativity, motivating collaboration, and sustaining 

performance (Liu and Bates, 2013, Zhang and Li, 2014). Lack of a proper IPD 

compensation model is seen as a formidable barrier to the use of IPD on construction 

projects (Zhang and Chen, 2010). 

As aforementioned,  IPD is characterised by; (1) early involvement of project participants 

(AIA, 2007, Allison et al., 2018), (2) sharing risk/reward (Allison et al., 2018, Ballard et 

al., 2015a), (3) replacing the tender stage by buyout stage without traditional biding (AIA, 

2007), (4) deferring paying profits until all project works are completed (Roy et al., 2018). 

Therefore, IPD requires a distinguished financial management approach, as well as, a 

collaboration platform (Roy et al., 2018, Allison et al., 2018). A review of the literature 

indicates that the required financial system and the collaboration platform for IPD project 

must satisfy several requirements, these are; (1) readable/consistent accounting system is 

needed  (Roy et al., 2018), (2) all project participants can check all cost records for each 

other  (Allison et al., 2018), (3) all recorded data should be immutable to achieve the 

desired trust environment (Allison et al., 2018, Roy et al., 2018), (4) the collaboration 

platform should be inaccessible for any third party (Ma et al., 2018).  
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Cost management practices in IPD are not yet well established (Chen et al., 2012). This 

warrants expansion of the capacity of BIM in the form of an innovative cost estimation 

solution to support the TVD process (Pishdad-Bozorgi et al., 2013, Hall et al., 2018, Alves 

et al., 2017), with this being the primary objective of the current study. As such, the cost 

management system under IPD must be one of dynamically integrated, and capable of 

avoiding any waste of cost information throughout all project stages (Ma et al., 2018, 

Zhang and Li, 2014). The cost structure applied for IPD must ensure that there is no 

hidden profit in the estimated cost (Allison et al., 2018), and achieve the purpose of 

fostering trust among project parties (Ma et al., 2018, Pishdad-Bozorgi and Beliveau, 

2016, AIA, 2007, Pishdad-Bozorgi and Srivastava, 2018, Pishdad-Bozorgi et al., 2013, 

Teng et al., 2017). Any inaccuracy in data handling and usage – influencing determining 

the individual trade package – will affect the value of the proportions of the profit-at-risk 

percentage of each member in the IPD team. All members must be continuously involved 

and attend all meetings, even when their tasks are completed (Roy et al., 2018). As such, 

using web-based platforms is important to effectively share the needed information 

among parties, regardless of their geographical locations and disparity. 

Cost estimation is essential for the compensation arrangement, which defines accurate 

risk/reward proportions (Love et al., 2011). Therefore, accurate cost estimation is vital 

for the successful delivery of the IPD-based projects (Allison et al., 2017, AIA, 2007, 

Ebrahimi and Dowlatabadi, 2018). Target value design (TVD) is treated as part of the 

IPD approach, with TVD requiring rapid cycles of suggestions and analyses of costs 

(Alves et al., 2017). Therefore, continuous estimation feedback is essential for 

accomplishing the pre-construction IPD stages and making informed decisions (Allison 

et al., 2017, Zimina et al., 2012). With these facts in mind, a precise semi-automated, 
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agile estimation technique that is interoperable with BIM data is deemed an ideal solution 

(Pishdad-Bozorgi et al., 2013).  

This study contributes to the field by addressing the need for a TVD-based solution for 

IPD, based on BIM’s capabilities. In broader terms, the study provides a background for 

addressing the need for accurate cost estimations at planning stages of IPD projects, in 

which, little research currently exists (Andersen et al., 2016, Welde and Odeck, 2017). 

The practicality and potential advantages of the proposed solution are tested in a case 

study project, by comparing its performance against that of common traditional methods. 

Such automated cost structure must be capable of differentiating overhead costs from 

profit, ensuring that no profit items remain hidden in overhead costs and labour rates 

(Teng et al., 2017, Allison et al., 2018). Besides, all parties in IPD are equally held 

responsible for the entire project performance (AIA, 2007, Allison et al., 2018), and as 

such, the automated cost structure must provide a financial tracking system that; (1) 

aggregates all cost data, (2) presents data in a clear format, (3) is readily accessible by all 

parties, (4) shows saved costs, and by whom (Allison et al., 2018).  

This research adopts Activity Based Costing (ABC) for its ability to distinguish between 

cost structure’s elements. ABC prevents this distortion by allocating the costs through 

multi-pools and determines the overhead activities and costs needed to transform the 

resources into activities that can deliver the final product (Kim and Ballard, 2001, Kim 

and Kim, 2016). The traditional integration of cost and schedule is time-consuming and 

causes a significant waste of information (Kaka, 1996). Kim and Grobler (2013) state that 

utilising Building Information Modelling (BIM) can improve the traditional 

cost/scheduling processes. Lu et al. (2016) state that there have been several studies for 

analysing cash flow processes, however, most of the research does not consider the 

differences between project delivery approaches. Since each delivery approach has the 
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distinguished relationship between project parties, therefore, the management of cash out 

should be compatible with the delivery approach. Regarding the cost budget, which is 

formulated by assigning cost estimation to project timeline, this research adopts 4D/5D 

BIM to generate the project budget, subsequently, the project’s cash-out (S curve) will be 

structured using proposed ABC cost sheets after integrating into automated 4D BIM. 

Since IPD relies on profit-at-risk percentage for payment, therefore the proposed cash-in 

will be formulated as proportional cash-in during IPD buyout stage for an informed 

decision.  

In the IPD approach, the risk and reward must be shared and allocated to all participants 

in core project teams, necessitating joint project control (Ashcraft, 2011, Fischer et al., 

2017b). For designing the risk and reward model (hereafter referred to as the 

compensation approach), economic models provide a sound foundation based on the cost 

of projects (Zhang and Chen, 2010, AIA, 2007). The compensation approach typically 

depends on achievements throughout the project, as well as two cost lines; target cost that 

defines the cost baseline and agreed percentage for profit-at-risk (Kent and Becerik-

Gerber, 2010). If a project achieves below its target cost, it means the cost saving 

percentage should be shared between key participants, and when a project performance 

indicates the level of achievement is located between the two lines, it implies that the 

surplus should be shared as well. Finally, if the performance indicates this level exceeds 

the profit-at-risk line, the client is solely required to pay the direct costs (Ashcraft, 2011, 

AIA, 2007).  

Traditional forms of IPD, such as alliancing, can be implemented without BIM. However, 

new forms of the IPD are defined in relation to their integration with BIM (Fischer et al., 

2017a, Rowlinson, 2017), which facilitates smooth data exchange between a project’s 

packages and parties, in line with IPD’s aims and objectives (Niemann, 2017, AIA, 2007). 
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The integration of BIM and IPD improves all likely outcomes of the design and 

construction process, including cost/profit, the schedule, return on investment (RoI), 

safety, productivity and relationships (Ilozor and Kelly, 2012, Azhar et al., 2015).  

With the above in mind, IPD as a delivery method is largely promoted for its potential for 

integration with BIM in construction projects (Fischer et al., 2017b). Coupling BIM with 

IPD is proven to improve efficiency, reduce errors, enable exploring alternative 

approaches, as well as expanding market opportunities on projects (Kent and Becerik-

Gerber, 2010). In fact, “the full potential benefits of IPD and BIM are achieved only when 

they are used together” (Ashcraft, 2008). Therefore, control of construction on IPD 

projects can rely on data-rich BIM models, with a focus on exploiting BIM in integrating 

information flows (Turkan et al., 2012, Ma et al., 2017). Such combined use of IPD and 

BIM makes sense from a theoretical perspective, but in reality, it faces substantial 

roadblocks (Holzer, 2011). To date, however, BIM-based project control activities have 

largely relied on automated site data collection tools that use various methods, like spatial 

sensing technologies, linking between 3D BIM model and performed works, etc. 

(Jaselskis et al., 2005, Hosseini et al., 2018). Despite the undeniable advantages, these 

methods almost entirely measure physical items and components on construction sites, 

overlooking the value of activities (Turkan et al., 2012, Turkan et al., 2013). There are 

also problems with sharing of acquired control information across the entire project, given 

that project team members are still dominated by silo thinking (Merschbrock et al., 2018, 

Mignone et al., 2016), and information systems loosely coupled (Shen et al., 2012, 

Hosseini et al., 2018). An automated process that integrates information of physical 

components with managerial attributes (such as allocated resources and values), to 

facilitate controlling cost-time integrated progress can, therefore, provide a solution (Lee 

et al., 2017, Pishdad-Bozorgi et al., 2013).  
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As another advanced methodology in the AEC industry, BIM is designed to enhance 

project delivery (Azhar et al., 2012). That said, some deficiencies appear, like the lack of 

traditional delivery approaches to foster the adoption of BIM (Nawi et al., 2014). The 

most advanced form of BIM implementation, termed as BIM level-3, relies on a delivery 

approach that facilitates collaboration and sharing risk/reward among project parties 

(Wickersham, 2009). With that in mind, the interrelationship between BIM and IPD is 

highly recommended by many researchers (Mathews et al., 2017, Nawi et al., 2014, 

Allison et al., 2018). Moreover, integrating BIM with blockchain is also highly 

recommended ((ICE), 2018, Mason and Escott, 2018, Lamb, 2018). The recent wave of 

research in the AEC industry presents the feasibility of integrating blockchain into 

construction processes to accelerate collaboration, maximise trust, and cut cost by 

minimising third party involvement in legal/financial tasks (Li et al., 2019b, Tozzi, 2018).  

IPD requires high levels of information and communication technology adoption, to 

enable parties to interact and share sensitive data (Ahmad et al., 2019). Blockchain can, 

therefore, be an ideal solution, the reasons being: it is defined as a distributed ledger that 

is advantaged by decentralising the operation across the network through a specific 

consensus mechanism (i.e. peer to peer) (Li et al., 2019a), all data are presented as a block, 

which, will be immutable once joined the chain, and the self-authentication for all new 

recorded data (Turk and Klinc, 2017, Kinnaird et al., 2018). Recently, both researchers 

and practitioners have paid significant attention to exploring various forms of applying 

blockchain across the AEC industry. One particular area of interest in construction 

management has been the use of smart contracts to automate payments without appointing 

a third party and sharing data through a decentralised platform ((ICE), 2018, Li et al., 

2019a, Turk and Klinc, 2017). As such, the AEC industry begins to explore blockchain 

opportunities in creating immutable financial systems (Lamb, 2018, Turk and Klinc, 
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2017), sharing information in a highly secured platform ((ICE), 2018, Lamb, 2018) and 

using smart contracts to automate payments (Lamb, 2018, Turk and Klinc, 2017).  

Various researchers have acknowledged the capabilities of blockchain in offering 

solutions for the deficiencies of existing financial systems. Among these, Li et al. (2019a) 

presented some generic cases about the application of blockchain in the AEC industry, 

and Wang et al. (2017), Turk and Klinc (2017) discussed the potentials of blockchain to 

enhance construction management processes and tools. Other studies have investigated 

the integration of blockchain and BIM, like the work by Mathews et al. (2017), in which 

the authors argued how blockchain can enhance collaboration in using BIM.  

With the above in mind, the present study aims to provide a solution to enhance the cost 

structure of compensation mechanism, develop an automated cost structure for 

risk/reward sharing, and enhance collaborative interactions among project participants 

through introducing a web-based platform for instant sharing of risk/reward mechanism 

outcomes. Sharing risk/reward rely upon completing all project activities (Roy et al., 

2018), and there exist several issues with managing the financial data, such as; keeping 

all parties informed of all achieved profit/risks data during the entire construction stages, 

and displaying the financial metrics in a readable/understandable manner – to make sure 

all core team members can understand (Allison et al., 2018). Therefore, using methods to 

share the real-time data is increasingly needed, for which embedding information 

technology in the form of web-based applications has received priority (Ahmad et al., 

2019, Ma et al., 2018). Moreover, face-to-face collaborations for IPD arrangements are 

considered expensive, disruptive and inefficient (Oraee et al., 2017). Consequently, the 

work is more often executed by geographically dispersed, digitally mediated teams of 

knowledge specialists, coming from various firms, yet organised into an IPD team 
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(Mignone et al., 2016, Merschbrock et al., 2018). The above facts reinforce the urgency 

of using web-based platforms.  

This research outlines the design of an automated model of the cost control system of IPD 

projects. The capabilities of Earned Value Management (EVM) in effectively tracking, 

analysing, and controlling project costs make it a recommended tool for cost management 

on projects (PMI, 2013). Besides, EVM can provide performance metrics for both cost 

and schedule alike in an integrated pool (de Andrade et al., 2019). The model, therefore, 

is designed to draw upon EVM, and the proposed risk/reward system is supported by a 

web grid to enable visualising the project status, since the IPD core team members come 

from different backgrounds/disciplines. Therefore, the EVM-web grid will enable 

synchronous/asynchronous collaboration as well as helping members to understand the 

project situation visually. None of the available studies, however, go beyond the 

theoretical realm of integrating blockchain to manage the financial transactions in the 

construction projects, namely, their contribution remains confined to proposing 

conceptual frameworks or theoretical models. The present study provides a background 

in responding to the widespread consensus on the capabilities of blockchain in 

construction management. It extends existing research studies by moving beyond 

theoretical models and developing a workable solution. Particularly, to develop an 

automated distributed financial system of the IPD approach.  

To sum up, a Centralised Cost Management System (CCMS) to implement the proposed 

tools and methods in the framework, and a Decentralised Cost Management System 

(DCMS) using blockchain technologies is developed in this research. Both CCMS and 

DCMS systems are interoperable, even though each system has a distinct role. Figure 1 

illustrates the interrelationship between the highlighted research components. 

https://www.sciencedirect.com/topics/engineering/metrics
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Figure 1. Research’s aspects interrelationships 

1.3.RESEARCH AIM AND OBJECTIVES 

The research aim is to develop an automated cost management system for the IPD 

approach based on BIM and blockchain. This aim will be accomplished as follows: 

1. To explore the existing cost management practices for the IPD approach, as well 

as, identifying the deficiencies in the existing practices.  

2. To explore and verify the capabilities of the existing tools that can enhance the 

cost management process for the IPD approach.  

3. To develop a framework that deals with identified challenges of cost management 

practices with implementing the IPD approach. Given, the cost management 

process comprises of three main processes, therefore, the framework will be 

divided as follows:  

3.1.To revolutionise the cost structure of IPD through integrating Activity Based 

Costing into BIM. 
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3.2.To develop a budgeting methodology that enables project participants making 

the right decisions, this methodology depends on the integration of 4D and 5D 

BIM and ABC.  

3.3.To develop statistical models to control project cost/schedules with enabling 

determine risk/ reward monetary values for each party at each payment 

milestone.  

3.4.To exploit the revolutionary blockchain technology to automate the main three 

transactions (reimbursed costs, cost saving and profit). There are two main 

reasons beyond the adoption of blockchain: 

3.4.1. To enhance the transparency among project parties by keeping all done 

transactions away from any amendments since this is the main feature 

of the blockchain Distributed Ledgers (DL). 

3.4.2. To assess the performance of project parties during the project 

execution, this could be done in buyout stage through inquiring the 

value of the three transactions (reimbursed costs, cost saving and 

profit). 

4. To develop and verify a “proof of Concept” that demonstrate all proposed tools 

of the developed framework using BIM and Blockchain technologies.   

5. To evaluate the research outcome and measure the potential user's satisfaction for 

the developed tools, as well as, making recommendations for future research. 

1.4.RESEARCH METHODOLOGY 

Myers (2019) states that research methodology is the strategy to collect the required 

research data to move from the research hypothesis to research design and data collecting. 

There are two types of the methodology; quantitative and qualitative methods. 

Quantitative methods are usually used to collect data for the natural science to explore 
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the natural phenomenon, and the qualitative methods are developed to study the 

phenomenon which pertains to social effects. The mixed research method is implying a 

multi-research method to investigate a wide range of complicated data and complex 

research design to understand and analyse the research contents (Brannen, 2005). D. Holt 

and S. Goulding (2014) state most research in Building Construction Research (BCR) are 

usually conducted using mixed research method, entailing pragmatic view of expected 

findings. Therefore, the mixed research method selected in this research, therefore, this 

research requires to conduct both quantitative methods, such as case studies and 

questionnaire, and qualitative methods such as literature review and interview.  

1.4.1. The Adopted Methods 

The proposed mixed research methods to fulfil objectives are presented as follows: 

• The literature review is adopted to highlight the research gap through studying 

and analysing the extant research in the research scope (i.e. IPD, BIM, cost 

management and blockchain). It is also used also to direct researcher regarding 

the abilities of some existing tools and techniques, which, can be integrated to fill 

revealed gaps.  

• The questionnaire is used to explore the gaps from the expert’s perspectives to 

confirm the literature review findings, and exploring a solution to fill these gaps 

and rate the validity of proposed solutions. 

• Develop a framework to deal with key identified gaps in the IPD cost management 

process including estimation, budgeting and control through using different tools 

such as Monte Carlo Simulation, ABC, EVM, as well as, ICT technologies, such 

as BIM, web-based management systems and blockchain. 
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• Prototype development to enable implementing the proposed framework and test 

its applicability.  

• An illustrative case study is used to validate the applicability and practicability of 

the developed tools such as CCMS, CCMS4IPD web system and blockchain 

network.  

• The interview is adopted to appraise the research findings for both framework and 

prototype tools. To ensure the reliability of the data collection, the interviewees 

have been selected with a high level of BIM and IPD experience.  

Figure 2 shows the role of each method to conduct specific tasks. It can be seen that the 

research process is divided into two main processes, which are solution development and 

the validation process.  
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Figure 2.The research logic of proposed methods 
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1.5.RESEARCH MOTIVATION AND GAP 

Given that the Cost Management Process (CMP) comprises of three main stages, namely; 

estimation, budgeting and control, this study should departure from the point of critique 

existing practices for each task. In order to justify the reason for undertaking this research, 

the challenges that face each stage in the CMP with IPD and BIM share presented. Before 

discussing the lack in each stage in CMP, the motivation of developing the proposed 

automated system is highlighted. 

Given that IPD relies on sharing risk/reward as a financial system (AIA, 2007, Allison et 

al., 2018), as well as requiring a continuous estimation feedback during the pre-detailed 

design stage (Allison et al., 2018), particularly, Target Value Design (TVD) is 

recommended to be adopted with IPD design stages. Therefore, the efficiency of the cost 

management is vital to ensure the success of implementing IPD. Financial challenges 

within IPD implementation becomes a trend in several research, such as Roy et al. (2018), 

Ballard et al. (2015a), Tillmann et al. (2017), Azhar et al. (2015), Teng et al. (2017), Teng 

et al. (2019). From extant literature review, the most common challenges were developing 

a fair compensation structure (Ghassemi and Becerik-Gerber, 2011c, Kent and Becerik-

Gerber, 2010), fair risk/reward sharing among all parties (Ashcraft, 2012, Teng et al., 

2019), the accounting system is unclear and unreadable (Lichtig, 2006), controlling the 

achieved profits in case that the project has long duration(Ashcraft, 2012). Hereby, this 

leads to the necessity of developing an integrated cost management system that should be 

characterised by (1) providing a reliable and continuous estimation feedback to achieve 

TVD parameters; (2) optimising the cost structure profile through splitting the overhead 

costs from the profit; (3) providing a detailed budgeted plan during the IPD buyout stage 

that helps project participants to take the right decision before commencing construction 

stage; (4) determining risk/reward automatically; (5) displaying the risk/reward values for 
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each participants on a smart system to enable detecting all profit/risk that achieved by all 

core team members; (6) Ensuring that all data regarding, reimbursed costs, cost saving 

and profit pools.  

There are several reasons for utilising BIM tools in the cost management process, firstly, 

BIM is integrated into each IPD stages as presented by (AIA, 2007, Allison et al., 2018), 

as well as, it is recommended by many researchers as a way to accelerate both BIM and 

IPD adoption (Mathews et al., 2017, Nawi et al., 2014, Pishdad-Bozorgi et al., 2013, 

Rowlinson, 2017). Secondly, the technical capabilities of BIM to provide an automated 

BoQ during different stages in the design (Aibinu and Venkatesh, 2013), simulating 

project planning and scheduling with defining task types (Hartmann et al., 2008, Turkan 

et al., 2012). Even though, there is not a workable methodology to demonstrate the 

correlations between BIM dimensions and IPD stages (Allison et al., 2018, Roy et al., 

2018), there are several attempts to develop an integrated cost management system, such 

as  Theodorakopoulos (2017) developed an integrated cost management system for 

construction delivery project, however, the developed system does not consider the 

different characteristics for each construction stage such as the mechanism of cost 

management tasks during the pre-detailed design stage. Moreover, the cost control 

process is not enough developed as the researcher used EVM system without linking it 

with the budgeting stage. Although BIM level 2 becomes mandatory in many countries 

(Ganah and John, 2014, Davies et al., 2015),  BIM has not been exploited in this system.  

With all above in mind, this research develops an integrated cost management system that 

comprises of two sub-systems as follows:  

• Centralised Cost Management System (CCMS): In this system, adoption and 

adaption of such methods and tools such as ABC, EVM, BIM and web-based 

management systems in order to develop a system that manages all revealed 
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deficiencies. On other words, this research explores two sides of a method, first, 

to exploit the method to perform a specific task in the proposed system, second, 

to enhance the function of a method whether by integrating it into another (i.e. 

ABC into EVM to enable controlling all project costs) or extending a method such 

as EVM method (i.e. EVM grid to avoid the common EVM shortcoming 

regarding visualising cost control data).  

• Decentralised Cost Management System (DCMS): developing a smart contract-

based IPD approach in order to enable sharing and auditing risk/reward data 

automatically, in which, this can enhance the trust and collaboration among IPD 

core team members. 

1.6.CONTRIBUTION TO THE BODY OF KNOWLEDGE  

Recognising that the traditional cost management process cannot be used in implementing 

BIM within IPD, due to the new IPD requirements, such as risk/reward sharing approach.  

Moreover, the project development stages are completely different from traditional 

procurement approach, hence, the need to develop an automated and integrated cost 

management system for the IPD becomes a necessity to successful project delivery as 

aforementioned in the research gap section. With all above in mind, this research 

contributes to the theoretical knowledge as follows: 

• Dealing with all elements which pertain to cost management system: first, 

develop a method for an early cost estimation using Monte Carlo simulation by 

exploiting data availability from early involvement of participants, which 

enable participants to make the right decision before commencing detailed 

design stage; second, integrating ABC into cost estimation, budget and control 

for fair risk/reward sharing due to its ability to distinguish between different 

cost elements which enables implementing IPD; third, adapting EVM for 
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integrated cost control with providing a comprehensive report that includes the 

fair ratio in terms of risk/reward for each party. The adapted EVM will be 

connected with the web system to enable easy tracking for all participants.  

• The proposed EVM-Grid (a new visualisation tool for EVM output) will enable 

to locate the party’s performance regarding cost and schedule by a visualised 

way. The EVM-Grid divides the project into four areas where; each area 

represents the project situation and is distinguished by a specific colour. 

Through allocating the potential nine project cases on the grid, whilst 

considering the X-axis as the schedule and the Y-axis as the cost, each area is 

then divided into small squares around the planned point. The user should 

determine the value of the CPR and SPR and enter them into the grid as a 

positive or negative percentage to determine the project situation at each 

milestone or for each package. The quantity surveyor should mark the square in 

accordance with the CPR and SPR percentages to determine the cumulative 

progress throughout the project execution stages. This research will give an 

accumulative indicator to all parties’ performance during the closeout stage.  

• As blockchain is widely recommended by many research institutes and industry 

companies to be integrated into the construction industry, therefore the 

blockchain is exploited to automate the payment as well as keeping all data 

regarding achieved cost saving, profits and reimbursed costs without any 

amendments from any party. A framework is developed to essence the concepts 

of consensus mechanism for the IPD approach based on BIM. As well as, 

showing how the endorsement policy should be formulated based on IPD 

characteristics. Moreover, proposing a way of integrating IPD, BIM and 

blockchain in an integrated context.  
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 In addition to the mentioned theoretical contribution, this research has invaluable 

practical contribution as follows: 

• Developing an integrated platform for the CCMS that includes a user-friendly 

database that enables potential users implementing the developed cost estimation 

methodology in the framework. The developed database includes a set of forms 

to enable entering the data. This database is linked with an online database to 

enable creating them as web pages and then sharing them as an interactive web-

based management system to enable parties to interact with the cost data 

throughout the different stage of the IPD. The system is also operated 

automatically with enabling the Macros features as the database is designed using 

MS Access, therefore, this enables the users to finish all tasks efficiently. 

Additionally, the EVM-Grid is developed using MS Excel with enabling Macros 

feature to automate the process, therefore, this enables automating the process 

once the user enters the CPI and SPI data. The web-based management system is 

developed under the name of CCMS4IPD, this website works as an interactive 

environment that includes all cost data (Estimation, budgeting, control and sharing 

risk/reward). This website enables the parties to get a comprehensive financial 

report that includes the three main transactions—Reimbursed costs, profit and 

cost saving—for each milestone. As well as, the data that has been used in the 

calculations are also included in this report.  

• Regarding using the Distributed Ledger Technologies (Blockchain) to develop a 

decentralised platform to share risk/reward among IPD core team members, this 

research presents practical solutions based on Blockchain with utilising the 

hyperledger fabric platform. A real smart contract functions were developed using 

IBM VS extension to develop a smart contract, as well as, a real blockchain 
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network is developed for a case study, therefore, the user in the future can use the 

presented methodology to develop their networks. This could increase the 

transparency, collaboration and security in using IPD as a delivery approach. As 

aforementioned, the proposed cost management system deal with all project’s 

tasks from conceptualisation to close out stage and all its tools and methods are 

developed, specifically, for IPD approach using all BIM capabilities.   

1.7.THESIS STRUCTURE 

The thesis is structured from nine chapters (see figure 3), a summary of the content of 

each chapter is stated as follows. 

Chapter 1: Introduction  

This chapter provides a background about the research elements, research gap and 

motivation, research aim and objectives, research methodology and the correlation with 

the stated objectives and research significance and contribution. The structure of the thesis 

is also presented to direct the reader. 

Chapter 2:  Implications of cost management for BIM and IPD 

This chapter presents a critical analysis of the traditional cost management process, 

exploring the requirements of the integrated cost management process, investigating 

different methods to enhance the cost management of the IPD. In addition, providing a 

theoretical background for the IPD approach, as well as, BIM.    

Chapter 3:  Overview of Information Communication Technology (ICT) and 

Blockchain in Construction Management 

The theoretical background of ICT in the construction industry is presented in this 

chapter. Two applications of ICT such as web-based management system and blockchain 
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were explored. The previous research about the blockchain technology and its platforms 

such as hyperledger fabric are well-explained to enable the researcher to make a decision 

which platform is fit for the IPD approach.  

Chapter 4:  Research design and methodology 

This chapter presented the research philosophy, approach and methods that were adopted 

to deliver the research’s aim and objectives. Justifications for each adopted method is 

presented, as well as, explaining how the data will be collected and analysed for each 

method.  

Chapter 5:  Point of departure 

After highlighting the deficiencies in the cost management practices for the IPD using 

literature review, as well as, the proposed methods to solve the revealed issues. A 

questionnaire is conducted to double-check the revealed problems from the industry 

perspectives, as well as, rating the validity of the proposed solutions. As such, the research 

can start developing integrated solutions.  

Chapter 6:  Framework development 

This chapter includes the solution of the revealed gap. A comprehensive framework is 

developed including solutions of (1) cost estimation solution, (2) new cost budget 

methodology based on BIM, (3) new risk/reward calculation models, (4) integrating ICT 

applications such as web-based management system and blockchain to enhance sharing 

data among IPD core team members.  

Chapter 7:  Prototype Validation and Testing   

Given that the framework proposes a set of tools to implement the developed solutions 

(ideas), therefore, this chapter includes the development process of these tools such as the 
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CCMS and the web-based management system (CCMS4IPD). Moreover, the blockchain 

based IPD smart contract and network. In order to validate the applicability of the 

developed tools, an illustrative case study was used and findings are stated in this chapter. 

Chapter 8: Validation of research findings  

In order to measure the applicability, validity and reliability, an evaluation by experts is 

conducted using the interview method. This chapter includes details about the participants 

and the thematic analysis of the contents of the interviews.   

Chapter 9:  Conclusion  

This chapter includes a summary of the findings in corresponding to each objective, as 

well as, the research contribution to knowledge and practice. Moreover, the research 

limitations. In addition, future research is also presented in this chapter.  
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1.8.CHAPTER SUMMARY 

This chapter presented the research background and how the proposed cost management 

system is important for the IPD approach. The research gap to show the motivation 

beyond this research is introduced, as well as, presenting the justified reasons beyond 

each tool and techniques that are used to develop the proposed framework. Research aim 

and objectives are introduced by highlighting the proposed research methods to fulfil the 

mentioned objectives. To show the significance of the research, the function of each tool 

in the framework (i.e. EVM-Grid and blockchain) is presented with highlighting how 

each tool can contribute to the body of the knowledge, as well as, industry practitioners.     

Figure 3.The interrelationships between thesis’ chapters 
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CHAPTER TWO: IMPLICATIONS OF COST MANAGEMENT FOR BIM 

AND IPD 

2.1. INTRODUCTION 

This chapter explores the cost management practices in the construction industry in 

general and specifically for the IPD approach. The existing challenges which face the cost 

management process and tasks such as estimation, budgeting, and control challenges will 

be discussed. The previous studies for each process of the cost management for the IPD 

approach will be critically analysed in order to highlight the current status and practices, 

consequently, the research gap will be clear. In addition, this chapter presents a critical 

evaluations of different methods to measure their validity to bridge the highlighted gap 

such as using EVM and ABC to enhance the efficiency of the cost management process 

for the IPD approach, particularly, the risk/reward sharing among IPD core team 

members. The capabilities/characteristics of the IPD is discussed in this chapter in order 

to highlight its cost management requirements. Moreover, a theoretical background about 

the BIM dimensions is developed to enable moving towards developing a solution., 

particularly, the 4D BIM (Planning and schedule) and 5D BIM (cost management) as 

these dimensions represent a significant part in this study. 

2.2. BACKGROUND OF COST MANAGEMENT PROCESS 

Ahmed (1995) states that the cost management process is a system of managing all cost 

tasks within the different stages in the construction project such as planning, construction, 

and closeout stages. The cost management system should include processes to manage 

each stage such as cost estimation, budget, and control (Horngren et al., 2002). Moreover, 

Oberlender and Oberlender (1993) mention that cost management plan is a “project 

money plan” and it represents the financial forecast action for the project and this requires 

to implement specific tasks to articulate this plan such as Estimation, budgeting, Control, 
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payment processing, and change management, etc. these tasks must be implemented in 

specific orders and stages in order to obtain a reliable cost management plan for the 

project (Kerzner, 2017).  

Given that the cost plan is influenced by all decisions in the project, therefore, the cost 

plan should be flexible to deal with all changes as well as managing the data in a proper 

way (Potts and Ankrah, 2014). The cost management system has been defined by (Shank, 

1989) as the framework of the project data and this system involves some tools and 

techniques to direct the project stakeholders during the entire project stages such as the 

estimation tools to support different managerial decision, as well as, providing a generic 

plan for the investment level, not only for the project level.  

The most important activities in cost management process can be concluded as (1) the 

cost plan for preparing the needed data such as the price list, determining which 

estimation technique must be adopted in the project based on the availability of the data 

(Jorgensen and Shepperd, 2006), (2)  cost estimation for the project design elements based 

on the completed design which can be extracted from tender documents (Niazi et al., 

2006), (3) the cost control and accounting process throughout the construction stage such 

as preparing a payment invoices for the completed work (Leu and Lin, 2008), (4)  

Calculation of final accounts with considering the economic assessment. In addition to 

the cost management during the completion of the project,  it also should consider the 

economic efficiency in its process such as measuring the life cost of the building to ensure 

that the whole Life Cost (WLC ) is estimated  (Szekeres, 2005).  
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2.3. THE TASKS OF THE COST MANAGEMENT PROCESS 

2.3.1. Cost Estimation    

Cost Estimation is the process of assembling and predicting the cost of the project 

(Schade, 2007), and this usually implements in specific stages as economic evaluation, 

project investment cost and cost forecasting (Doloi, 2011). Economic evaluation role is 

to determine which design alternative is technically, and financially feasible and this 

usually relies on the historical cost data records (Taal et al., 2003). When the project has 

its data as design drawings and tender documents, therefore, the project investment cost 

should be determined precisely by using specific techniques such as parametric 

estimation, reserve analysis, three points estimation, etc. (Lester, 2006, PMI, 2017). 

Ahiaga-Dagbui and Smith (2014) reported that the cost estimation task in the AEC 

industry is complicated due to the construction industry is risky and a considerable 

proportion of its process relies on the probability. Additionally, Shevchenko et al. (2008) 

state that each construction project is a unique due to it has a distinguished environment, 

as well as, different characteristics of participants affect the project cost since suppliers 

can provide a detailed price plan which is different from the main contractor one, 

accordingly, different cost estimation tools/techniques should be employed.   

2.3.1.1. Cost Estimation on Construction Projects  

Cost performance (meeting cost requirements), although frequently criticised, is still 

considered the gold standard for measuring project success (Berssaneti and Carvalho, 

2015, Kim et al., 2004). Thus, cost estimation is an important element of project planning 

(Torp and Klakegg, 2016). According to the Project Management Institute (PMI (2017), 

cost estimation is the iterative process of estimating the project resources required for 

project activities; therefore, linking resources and activities is vital for successful cost 
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management. Major cost estimation activities must typically occur very early in a project 

at a time when minimal project information is available (Kim et al., 2004, Welde and 

Odeck, 2017); therefore, uncertainty remains a major cause of poor cost estimation across 

the construction industry (Johansen et al., 2014, Torp and Klakegg, 2016, Andersen et al., 

2016). Uncertainty is identified as “controllable and non-controllable factors that may 

occur, and variation and foreseeable events that occur during project execution, and that 

have a significant impact on the project objective” (Johansen et al., 2014). 

Many research studies have provided evidence that the greatest level of uncertainty for 

cost estimation purposes belongs to the feasibility study stages of projects, colloquially 

termed the ‘front-end’ of projects (Andersen et al., 2016, Welde and Odeck, 2017, 

Caffieri et al., 2018), where uncertainty levels ranging from -30% to +50% can be 

expected (Johansen et al., 2014). In IPD, the overall risk is equal to that of traditional 

methods, and the owner must guarantee the direct cost of projects (Ghassemi and Becerik-

Gerber, 2011c). As a result, IPD relies heavily on cost estimation at the project feasibility 

study phase to develop a reliable business case for the client for decision-making purposes 

(Allison et al., 2017, Pishdad-Bozorgi et al., 2013).  

2.3.2. Cost Budget and Control 

Cost budgeting is the way of preparing the cost estimation as it will be spent/assigned and 

measured within the project phases, in other words, it is the outcome of allocating the cost 

estimation to the project timeline (Teicholz, 1993).  It includes all required financial 

procedures in order to prepare the Budgeted Cost of Work Scheduled (BCWS) which will 

be used in the monitoring process (Caffieri et al., 2018).  

Cost control can be defined as the process of gathering, accumulating, analysing, 

monitoring, reporting and managing the costs within the different stages in the 
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construction project (Al-Jibouri, 2003). Moreover, Georgas and Vallance, (1986) assert 

that the cost management functions must be interoperable with the other project 

management functions in order to ensure that the project will be accomplished under the 

triple constraints (Time, Cost, and Quality) (Heldman, 2018).  Figure 4 shows that Cost 

management elements through the project lifecycle. 

2.4. THE TRADITIONAL COST MANAGEMENT PROCESS  

Hansen et al. (2007) mentions that traditional cost management system such as traditional 

budgeting, cost volume profit (CVP) analysis, and standard costing with analysing the 

variances are not adequate to manage the existing construction environment so that the 

cost management process should be able to evaluate and enhance the construction tasks, 

rather than managing them (Smith, 2004). Therefore, the cost management system should 

be coherent to ensure that all data will move smoothly between the different cost 

functions—estimation, budgeting and control— within the project implementation stages 

(Membah and Asa, 2015). Kern and Formoso (2004) reported that the traditional cost 

management system does not offer a flexible mechanism to collect the information at the 

early design stage, as well as, there is a gap between the cost functions and other project 

management functions, for example, cost control process estimates the progress in cost 

and schedule regardless of the quality of performed works.  

Kaplan (1984) states that the existing cost management process has been developed since 

last three decades and it is not able to deal with the existing changes in the construction 

Figure 4. Cost management through the project lifecycle (Kujala et al., 2014) 
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industry, therefore, Innovative cost management tools should be integrated in order to 

accept the rapid changes and manage them properly. Moreover, the researcher mentions 

some criteria for the required cost management system such as managing inventory, 

quality, productivity, and accepting any innovation in the construction methods. 

Furthermore, there is lack of transferring cost data between the project stages (Kim et al., 

2004), which leads to reduce the value of maximising the benefit of the available data and 

increasing the accuracy of cost estimation. For example, the lack of integrating cost and 

time in a single context in order to enhance the quality of the collected data (Lu et al., 

2016). Subsequently, the cost management system should be able to provide the required 

data to enable the decision-making process throughout the different stages in the 

construction process and providing proactive and reliable solutions for the cost issues 

(Kaplan, 1998). 

According to (Vojinovic and Kecman, 2001), most of the construction problems are non-

linear and the traditional cost management system is designed to deal with the linear 

problems, that’s why it failed to manage the actual problems or introducing reliable 

solutions. Therefore, the need to develop a sustainable and integrated cost management 

process/system is vital for implementing the construction projects (Phaobunjong and 

Popescu, 2003). Kern and Formoso (2006) state that cost management process is an 

integration between cost estimation and control tasks in a single/integrated environment 

in order to provide a sustainable cost data which allows to exchange the data smoothly 

between the estimation and control tasks without losing any data as well as enabling using 

the historical data for new projects (Liu et al., 2012, Amos, 2004). Therefore, the purpose 

of any cost management system is to evaluate the cost of the sacrificed resources to 

acquire an asset and to provide the project stakeholders by the required data to make the 

right decision regarding the capital and operating costs. As such, the total cost 
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management process should consider both the cost of delivering the project and the cost 

of managing the asset (Westland, 2007). 

 

2.5. CHALLENGES OF THE COST MANAGEMENT PROCESSES  

2.5.1. Cost Estimation Challenges  

Shane et al. (2009) state that bias in estimation is one of the most important reasons of 

underestimating the budget, it is called optimistic estimation and usually the estimator 

goes to this in order to show the agency is much smart more than others. 

Procurement approach is playing a significant role in cost estimation escalating due to the 

lack of risk-sharing system (Harbuck, 2004). Allocating some risks to the party who 

cannot be able to manage them will lead to increase the project cost due to the contingency 

cost will not be enough to cover the consequences of risks (Love et al., 2011). Moreover, 

the lack of experience in dealing with the procurement approach in a proper way can lead 

to increase the cost such as misleading in schedule acceleration can cause a cost overrun 

more than expected (ECONorthwest, 2002, Weiss, 2000). 

Callahan (1998) mentions that the unplanned changes in the schedule lead to changes in 

the project budget during the execution process. Therefore, some companies adopt a 

strategy to review their budgets in a specific period in order to ensure that their projects 

remain on the company budget and if there is any change, these companies apply a 

technique which is called expenditure timing adjustments (Touran and Lopez, 2006, 

Hufschmidt and Gerin, 1970). 

The complexity is inherent in the construction industry due to the location of the project 

or implementing several design changes in project elements which adversely affect the 
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constructability method, this can cause a problem in determining the properly planned 

cost value due to the uncertainty is very high with repetitive changes in the project plans 

(Touran and Lopez, 2006, Callahan, 1998). Consequently, coordination problems will be 

existing between different disciplines and some information will be missing and this 

might affects the accuracy of cost estimation (Shane et al., 2009, Kaliba et al., 2009). 

Scope changes such as changes in design components or modifying the proposed function 

of some parts in the project which leads to some changes in project cost and schedule 

(Hussain, 2012, Khan, 2006). In case of these changes are not managed properly by the 

owner, this can be a major change in the project scope and in many cases, projects are  

implemented  with achieving cost overrun and behind schedule (Alinaitwe et al., 2013).  

Akintoye and Fitzgerald (2000) state that Poor estimation procedures can cause 

misunderstanding case in terms of the used formats, which do not provide an easy way to 

check, verify, and correct the estimated elements. Therefore, the procedures, formats, and 

methods should be understandable, and clear to enable the user to determine the cost 

(Reilly, 2005). Moreover, Poor estimation can lead to miss some data and give unreliable 

results which cause an underestimation case (Azhar et al., 2008). This will affect other 

processes such as scheduling, and misleading inventory plan which definitely will cause 

cost overrun by considerable variance from the planned value (Shane et al., 2009).  

The misunderstanding of the contractual agreement plays an important role in misleading 

cost estimation, specifically, the misallocation of the responsibilities between the 

different participants can cause cost estimation issues (Zaghloul and Hartman, 2003, Ali 

and Kamaruzzaman, 2010, Le-Hoai et al., 2008).  

Moreover, the ambiguous in contract provision can be a reason for allocating the 

responsibilities in a wrong way such as who is responsible for implementing reworks or 

change orders (Touran and Lopez, 2006). The lack in execution cannot be ignored as one 
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of the most important reasons of cost overrun, as well as, the bad site management and 

misleading in the collaboration can lead to cost overrun due to the inability for the 

participants’ representatives to determine the decision properly (Shane et al., 2009, 

Enshassi et al., 2009). 

The aforementioned challenges in cost estimation lead to misleading determining the 

proper contingency cost (Moselhi and Salah, 2012), hence, the overall agreed budget will 

be unreliable and the party who carries the most significant part of risks will not be able 

to manage them and the project will be affected whether by misusing the contingency 

cost or facing a shortage in the contingency costs to cover the carried risks (Schexnayder 

et al., 2011). 

2.5.2. Cost Budgeting and Controlling Implementation and Challenges 

Due to the interrelationship between project budget and control (Wang et al., 2016), this 

section will explore the current challenges which face establishing a reliable budget and 

having a proper cost control process within the construction industry.  

The historical cost records (Cost Accounting) is considered as the main source of data to 

estimate the project cost in case that the project data (documents) is not enough to draw 

the cost baseline (Niazi et al., 2006), therefore, any problem in the used formats to record 

the cost data can reflect adversely on the cost control report. Furthermore, the forecasting 

and budgeting tasks for a project should be consistent for all project elements in order to 

ensure that all project activities are considered in the project budget (Hamledari et al., 

2017). Moreover, the lack of integration of schedule and estimated cost which shapes the 

project budget causes a problem for the cost control process due to the mechanism of 

assign and allocate the schedule components is different from cost, since the project 

schedule usually breaks down as Work Breakdown Structure (WBS) (Wang et al., 2016), 
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while the cost usually breaks down by one of these methods cost codes, transactions, and 

fiscal periods. As such, there is no consistency in integration between cost and schedule 

which leads to a great waste in project data (Bergerud, 2012). 

The interoperability between different data sources in order to build the own project cost 

control sheets is revealed as a problem in terms of the alignment process from different 

data sheets to the own project sheet (GCR, 2004). One of the most important obstacles is 

the time which is required to format the cost control report due to these reports remain to 

be articulated manually or by using excel smart sheets, as well as, the inconsistency 

between the used codes between the different organisation maximises this problem and 

leads to losing some data during implementing this process (Bergerud, 2012). 

The conflict between what the contractor needs to know from the cost control reports and 

the client or other stakeholders want to see is an issue, therefore, the output of cost control 

reports should be readable, understandable, and representable to all questions, 

particularly, for the main performance indicators such as the cost and schedule ratios 

(Kaplan, 1988). The accuracy of cost control report cannot be ignored as one of the cost 

control concerns due to the report should include the main collected data to ensure that 

all data has been analysed and considered to provide the cost control metrics (AbouRizk 

et al., 2002).  

Changes in project scope or agreed quantities are proven as one of the most severe issues 

in conducting a proper cost control process since any variation should consider different 

aspects such procurement approach, project organisation, and type of the contract, 

therefore, the outcome of the cost control report will be read in the same context of the 

mentioned aspects (Alnuaimi et al., 2009). Therefore, the mismanagement in change 

order could cause several problems such as insufficient budget to finish the project, wrong 
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updated estimated schedule which can lead to stopping the project progression and 

generates conflicts between stakeholders (Bergerud, 2012).s 

2.6. THE INTEGRATION CHALLENGES IN THE COST MANAGEMENT 

PROCESSES  

Given that the cost management process is related to all project tasks, therefore, it is 

affected by all issues which are generated by other processes/tasks such as design, 

constructability methods, and the entire project management tasks. The poor practices in 

the design process, determining the project duration, collaboration and design reviews 

can affect negatively the cost management process (Ashworth and Perera, 2015, Hastak, 

1998, Kern and Formoso, 2004). Similarly, the limitation of understanding the cost 

management process itself can cause misleading in all project tasks (Potts and Ankrah, 

2008). 

According to (Akintoye and Fitzgerald, 2000), the lack of cost data and interoperability 

between the available software —cost estimation platforms— is a major reason for 

unreliable cost estimation. Moreover, Potts and Ankrah (2008) assert that the existing 

computer platforms increase the risk of cost estimation around 5% more than traditional 

estimation. As such, the incompatibility between the existing platforms cause waste in 

data within the exchanging process and this has a significant implication in the cost 

management process (Kaplan, 1998, Eastman et al., 2011a).   

The experience of project manager plays a major role in managing costs within 

construction stages and the inability of the project manager to choose the right estimation 

technique can mislead the sequence of other tasks such as budgeting, and controlling 

issues (Akintoye and Fitzgerald, 2000, Eastman et al., 2011a, Hastak, 1998). Therefore, 

the lack of experience in terms of choosing the right techniques and methods back to the 

limitations of project managers knowledge (Niazi et al., 2006).  Akintoye and Fitzgerald 
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(2000) noted that there is another reason which prevents project manager to avail 

available detailed cost estimation technique, this reason is the lack of delivered design 

data and this drives the estimator to assume some parameters in order to accomplish the 

estimation, this leads to having an inaccurate estimation (Smith and Mason, 1997).  

The competition process in the traditional procurement can lead to underestimate the 

project cost intentionally to win the bid and the problem will be revealed during the 

project life cycle  (Hanid et al., 2011). However, the highlighted reason is not derived 

only by the estimator because the client can play a vital role in the underestimation 

decision which is called "production of socially acceptable estimates" in order to get the 

client satisfaction in terms of the proposed budget (Skitmore and Wilcock, 1994). These 

reasons are mainly related to the employed bid and tendering approach and choosing 

proper approaches will positively affect the cost management process.  

The traditional philosophy of using the pre-construction cost estimation to control the 

project budget cause a limitation in cost reduction and value engineering  (Hanid et al., 

2011). Therefore, the process should focus on the objective behind the cost estimation, 

which is the function of the product that can positively enhance the project value. 

Kashiwagi and Savicky (2003) state that modern clients pay more attention to the project 

value, however, the existing methods are not able to consider all variables in a single 

purpose. Moreover, the detailed estimations techniques are not employed due to lack of 

exploiting the technology and unfamiliarity from users (Akintoye and Fitzgerald, 2000). 

As such,  The value engineering should implemented as a cost-cutting tool, therefore, the 

integration between cost process and value management is a vital to enhance the cost 

management process (Venkataraman and Pinto, 2008).    

According to  (Doloi et al., 2011, Doloi, 2011), The estimation relies on the historically 

recorded data from previous projects such as BCIS, therefore, the quality of these data is 
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mandatory to ensure the reliability of estimated cost and any missed data will be filled by 

assumptions which lead to miscalculation (Elfving et al., 2005, Hanid et al., 2011). 

The mechanism of collecting the project progress data is important in order to enhance 

the existing estimation for the remaining parts in the project as well as having a reliable 

cost data for future projects (Froese, 2010). Moreover, the lack of standardisation can be 

considered as one of the reasons to lose the data during the transferring tasks, and 

according to (Eastman et al., 2011a), the quality of cost data is vital to successful cost 

management in the AEC industry.  

Eastman et al. (2011a) state that poor coordination and communication which is caused 

by conventional competition, intrust environment, selfishness, short term relationship and 

use of separate systems by the companies can increase the entire project cost. Moreover, 

the unavailability of required data can adversely affect the decision-making process 

(Lyon et al., 2000). Therefore, Cartlidge (2011) asserts that Information and 

Communication Technology (ICT) helps the project stakeholders to share the 

information, however, it is required a high level of details in order to build an integrated 

collaboration system. According to (Hwee and Tiong, 2002), using a fragmented cost 

management system is a reason of many problems in construction cost management 

process such as delays, unreliable cash flow, inaccurate measurement of performed 

works, interruption of project payments and leads to several variations in the project time 

and cost.  

Favato and Mills (2007) noted that cost management practise has been increasingly 

criticised due to lack of efficiency to deal with the rapid changes in the industry 

environment, therefore, research is highly needed in order to draw an innovative cost 

system which relies on decision-relevant information, as well as, the proposed innovative 

system should focus on the structure of the enterprise and project organisation (Bakar and 
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Rahim, 2014). As such, any attempt to develop a new system in the isolation environment 

will be inadequate and strengthen the existing miscommunication case (Kaplan, 1998, 

Hegazy et al., 2004). 

Favato and Mills (2007) identified specific criteria and principles for an integrated cost 

management system in relation to information and decision making needs to be taken by 

the project manager. These criteria can be concluded as (1) it should be consistent with 

the mission and goals of the organisation which to ensure exploiting all available data 

(i.e. previous bids data, analogous projects data, etc.) (Zutshi and Sohal, 2005), (2) the 

system should be able to respond to all client needs within the business process or 

construction project, this can be implemented by providing a sustainable cost data channel 

(Adams and Frost, 2008), (3) considering the horizontal/vertical supply chain participants 

which means that the designed information channel should be able to deliver the 

information to each participant whether in the horizontal level ( the same level) or in the 

vertical level between the several hierarchal levels in the project/organisation (Fox et al., 

1993), (4) the estimator must focus on the most effective 20% of cost data which 

represents 80 to 90% of the decision (Vojinovic and Kecman, 2001), (5) an automated 

allocation of responsibilities to who should take the required decision and the 

consequences related to this decision, as well as, the needed data to make this decision 

(Favato and Mills, 2007).      

Implementing cost management tasks manually leads to some bad practice in terms of the 

quantity surveyor usually keen to afford the needed fund to the project rather than having 

a reliable estimation (Flyvbjerg et al., 2018). Moreover, completing the cost management 

tasks in the construction phase based on the estimated cost during the pre-construction 

stage leads to stop improving it to minimise the cost and do not consider any ideas to lean 

the project due to just 70-80% of the project information can be predicted in pre-
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construction stages and remaining information comes later during the construction stage 

(Rush and Roy, 2000). Therefore, Koskela and Tommelein (2009) reported that Target 

Value Design techniques enable to improve the cost along with the design changes, 

subsequently, the cost management system should be compatible with the delivery 

approach.  

According to Zimina et al. (2012), the integrated cost management approach should 

consider both cost estimation and control as a single process since they work together 

towards maximising the project value and minimising its waste (Do et al., 2014).  

The need of an integrated system is early  discussed by Glad et al. (1996), identified the 

desired integrated cost management system as the system which provides 

multidimensional functions in terms of customers, products, services, functions, 

processes and activities. As well as, focusing on cost planning rather than recording and 

tracking cost data (Boussabaine, 2013). Moreover, providing the decision-making system 

by all required information in the right time and working as a platform to all other 

business functions (Jato-Espino et al., 2014).  

2.7. ACTIVITY BASED COSTING (ABC)  

Traditional costing methods, termed resource-based costing (RBC), rely on the cost of 

the required resources (Kim and Ballard, 2001) and are still frequently applied. Cost 

distortion occurs when using these traditional methods as the methods combine and 

allocate all indirect costs to a single pool of costs, based on the resources common to all 

products of an organisation (Miller, 1996, Kim et al., 2011, Wang et al., 2010). In other 

words, traditional methods fail to find the key decision variables that affect the total cost, 

particularly overhead costs (Kim et al., 2016). Activity-based costing (ABC) prevents this 

distortion by allocating the costs through multi-pools: this method determines the 

overhead activities and costs needed to transform the resources into activities that can 
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deliver the final product (Kim and Ballard, 2001, Wang et al., 2010). An ABC approach 

can measure costs based on activities and link the cost drivers to the impact measures of 

a certain product or service (Tsai and Hung, 2009). The ABC method, therefore, can 

improve the efficiency and accuracy of cost-related information and further monitor and 

control project costs (Tsai et al., 2014). This claim becomes more valid in a collaborative 

working environment, such as IPD, in which multiple stakeholders, extending beyond the 

control of a single company, can affect cost drivers (Kim et al., 2016). 

Construction projects typically rely on a fragmented structure – of participants, and this 

fragmentation leads to an increase in overhead activities, and accordingly overhead costs 

(Ashcraft, 2008, Mignone et al., 2016). There are several traditional cost accountant 

methods; Resource Based Costing (RBC) that relies on resources’ cost, and Volume 

Based Allocation (VBA) that is based on allocating the cost of resources directly to the 

objects, regardless of the cost structure – direct, indirect, and overhead costs (Holland and 

Jr, 1999). Cost distortion, however, occurs in using these traditional methods, due to 

conflating all indirect costs into one, which distorts the pricing of company products 

(Miller, 1996). Activity Based Costing (ABC) is a solution to such distortion, through 

allocating costs of multi-pools, and determining the overhead activities and the associated 

costs needed to transform the resources into activities that can deliver the final product 

(Kim and Ballard, 2001, Kim et al., 2011).  

2.8. COMPARISON OF ACTIVITY-BASED COSTING (ABC) AND 

TRADITIONAL COSTING METHODS 

According to (Akyol et al., 2005), ABC is a costing method which assigns the cost of 

resources to activities in order to accomplish the specific process as well as defining the 

position of the activity in the organisation such as unit-level, batch level, product level, 

and facility level. The level of resource-consuming is determined by the required units of 
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the cost driver. On the other hand, Resource-Based Costing (traditional method) focus on 

the cost which derives the process directly without considering the activities which are 

needed to perform this process, therefore, the overhead cost is determined based on the 

output, not the entered resources which cause cost distortion  (Alsharari, 2016).  

Oseifuah (2013) asserts that the RBC is based on linking the budget to the service directly 

with overriding the activities, therefore, the performance of the organisation/project is 

measured by comparing the value of sacrificed resources with the value of the product 

directly and this could reduce the productivity due to there is no scrutinising progress 

report with utilising the RBC method. The cost driver is defined as the factor that causes 

or control the level of resource consumptions, hereby it works as a channel to convey 

resources to accomplish the project elements by implementing specific activities (Kumar 

and Mahto, 2013). Moreover, DAMITIO (2000) reported that using ABC helps managers 

to balance between the demand and consumption of the resources to ensure that the 

resource management cycle will be executed smoothly within the operation/construction 

stage.  

Kinsella (2002) noted that ABC helps to measure the project performance by analysing 

the relationships between project activities, therefore, the performance of activities and 

resources can be monitored properly.  As such, the manager can measure the output of 

each set of activities in the project and measure whether the sacrificed resources have 

contributed to the project value or the introduced service (Chea, 2011).  

Goddard and Ooi (1998) define the overhead cost as the value of needed resources for an 

ongoing business that contribute to the whole process rather than specific cost object. 

According to (Hastak, 2015), direct costs are those resources which are consumed to 

accomplish the activity and these resources will shape cost object by performing some 

activities. However, the indirect cost is defined as resources which are consumed to 
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support activities or services, and though these resources cannot be measured in the final 

product, however, the entire process cannot be performed without these resources 

(Hastak, 2015, Holland and Jr, 1999). 

According to (Wang et al., 2010), traditional costing system which uses a single cost 

driver such as direct cost proportion of each package or its volume relative to the entire 

product in order to allocate the overhead cost can cause cost estimation distortion. 

Moreover, this leads to poor decision making due to the final price of the product will be 

unreliable and in many cases, this affects the organisation competition opportunities in 

the market.  Hughes (2005) states that the indirect and overhead costs increase sharply 

during the last decades and it is predicted to be more increased in the future due to the 

skilled labour and technology are considered as an indirect cost. Therefore, the traditional 

costing method will not be able to deal with these rapid changes in terms of determining 

the actually consumed resources for each specific process (Tanaka et al., 1994, Van Der 

Merwe and Keys, 2002). As such, Grasso (2005) asserts that using ABC can minimise 

the waste of resources by optimising the cost structure with allocating the overhead 

resources as activities which can measure its efficiency in the organisation, as well as, 

ABC is a system which focuses on the cost of activities that are required to finish the 

project/product, rather than volume of resources (Kreuze and Newell, 1994, Kaplan and 

Anderson, 2003). Furthermore, Chiang (2013) noted that the linear assumption of 

allocating overhead cost to the direct cost is problematic due to some products derive 

more overhead resources than others regardless of the volume of these products (Ahsan 

and Khan, 1982).  

2.9. EARNED VALUE MANAGEMENT  

Earned value management (EVM) is a quantitative project management technique for 

measuring project progress, and to provide project participants with early warnings where 



42 
 

the project is running ‘over the budget’ or ‘behind the schedule’ (PMI, 2013, Pajares and 

López-Paredes, 2011). Khamooshi and Abdi (2016)provided evidence of EVM being 

successfully applied to several real-life projects to deliver accurate cost/schedule metrics. 

According to Naeni et al. (2011) “earned value technique is a crucial technique in 

analysing and controlling the performance of a project”. EVM, as recommend by PMI 

(2013), is an effective tool for supplying cost and schedule indicators, to measure 

performance through Cost Performance Ratio (CPR) and Schedule Performance Ratio 

(SPR) values, according to Equation 1l and Equation 2l.  

CPR =
ACWP

BCWP
                                                                                                                               (1𝐿)                                                                                                                

SPR =
BCWS

BCWP
                                                                                                                                (2𝐿)                                                                                                                                                                                                                                                         

Where ACWP represents the actual cost of work performed, BCWP represents the 

budgeted cost of work performed, and BCWS represents the budgeted cost of work 

scheduled. The achievement values are determined in accordance with the following 

parameters; (1) CPI < 1 indicates that the cost performance is poor, CPI = 1 indicates that 

the cost performance is efficient, and CPI > 1 indicates that the cost performance is 

excellent. Using EVM, achievements can be measured as variance, not performance, such 

as Cost Variance (CV) and Schedule Variance (SV), as highlighted in Equations L-3 and 

L-4. In that case, a CV<0 indicates a project over budget, a CV=0 indicates a project on 

budget, and a CV>0 indicates a project under budget (Pajares and López-Paredes, 2011). 

CV = BCWP − ACWP                                                                                                            (3L)                                                                                                   

SV = BCEP − BCWS                                                                                                              (4L )                                                                                                     

The project scheduling output is represented using the Work Breakdown Structure (WBS) 

technique, meanwhile, the cost is structured using the Cost Breakdown Structure (CBS) 
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technique. Therefore, there is a problem to integrate cost into project timeline and this 

causes an inaccurate implementation of EVM (Pajares and López-Paredes, 2011). The 

EVM system, therefore, needs to be smarter, provided with advanced capabilities, to 

enable a correlation between data from multiple sources, and also, automatically 

generating the cost control report (Lipke et al., 2009). The interoperability issue among 

various data sources, to build federated project cost control sheets, is best resolved 

through using advanced technologies and visualisation techniques (Chou et al., 2010).   

In case of the EVM will be used to perform cost control tasks in construction projects 

(Howes, 2000), the following points will clarify the most revealed concerns in using it 

relating to the system itself or the accuracy of its output.  

• There is no any quality indicator in Earned Value Management (EVM), The EVM 

indicators include indexes in regards to cost and schedule in order to measure the 

achievement ratios to determine the performance, as well as, predicting the 

Budget At Completion (BAC) indicator. However, the quality index cannot be 

ignored in order to have a comprehensive report and enhancing lean construction 

process (Cândido et al., 2014). 

• The EVM system is not used properly at the early stage, Given, the construction 

project might start achieving progress less than the planned at early stages, 

therefore, the cost control process should be implemented at the early stage (Jrade 

and Lessard, 2015, Cândido et al., 2014). Moreover, Narbaev and De Marco 

(2014) reported that the improper cost estimation during the early design stage 

can cause a distortion of the EVM implementation process within the project 

execution stage.  
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• The indirect costs are not considered in the EVM calculations, Farok and Garcia 

(2015) state that the indirect cost is needed to perform specific activities in the 

project., and it represents about 20% of the total cost, and it is critical to finish the 

project activities. Therefore, it should be monitored within the entire project 

(Huang et al., 2014).  

• The data collection system in the EVM technique is considered as a barrier of the 

wide applicability of this technique, due to the data collection and analysis of the 

actual cost is different from the earned value (Vargas, 2003). As such, the 

granularity between the project scheduling technique as WBS and the actual way 

which the cost has been spent is the problem in implementing EVM properly 

(Wilson et al., 2013). On the other hand, the EVM system has been developed 

originally by US federal government to perform cost controlling tasks in large 

scale projects, however, since this time, it has been adapted to be exploited in 

medium, and small scales (Kwak and Anbari, 2012). Therefore, on such 

contemporary use, the EVM system needs to be smarter to retrieve data from 

multi-sources as well as generating the cost control report automatically (Wilson 

et al., 2013). The below figure 5 Shows the architectural system of EVM.  

 

 

 

 

 

 

Figure 5. The architectural system of EVM data collection and 

analysis (Wilson et al., 2013). 
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2.10. CAPABILITIES OF MONTE CARLO SIMULATION  

Monte Carlo simulation can be implemented using several computer programs on a large 

number of trials to analyse the impact of risk and uncertainty of a probabilistic range of 

data, that’s why it is employed to analyse cost data so that a probabilistic model can be 

built, allowing for early cost estimation (Loizou and French, 2012, Alashwal and Chew, 

2017). A feature of Monte Carlo simulation is that it provides a range of cost values 

against specific degrees of certainty, offering great flexibility in cost predictions (Potts 

and Ankrah, 2014). The process of developing a simulation to obtain a cost range entails 

cost data collection; formulation of a statistical model by choosing one available 

distribution (beta, normal, etc.); analysis of the cost data by running the model; result 

visualisation of the whole-cost estimates, and, finally, the provision of a sensitivity 

analysis chart (Chou, 2011). As a result, Monte Carlo simulation has been described as 

the most important statistical technique that are utilised for evaluation and probabilistic 

cost estimation (Khedr, 2006), the most used technique in the literature for early cost 

estimation of construction projects (Alashwal and Chew, 2017); and one of the earliest 

methods available for property evaluation purposes (Jahangirian et al., 2010).  

Zhu et al. (2016) assert that the Monte Carlo simulation is a proven tool to deal with the 

high level of uncertainty in the cost estimation by considering multiple variables. The 

Monte Carlo Simulation was used as a tool to optimise the cost for the probabilistic 

project during the last decade such as determining the satellite cost with considering 

multiple factors, Monte Carlo simulation enhanced the precision of cost estimation for 

the satellite almost 10% compared to the traditional cost estimation (YAN and LI, 2007a, 

Yan and Li, 2007b). Another successful case of using Monte Carlo was by integrating it 

into the market investigation drivers to enable determining the cost for specific products 

at the early production stage (Li et al., 2014).Cassettari et al. (2016) designed a model to 

https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.30j0zll
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.1fob9te
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.1fob9te
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.3znysh7
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.3znysh7
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.2et92p0
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.tyjcwt
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.1fob9te
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.3dy6vkm
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.1t3h5sf
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.4d34og8
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.2s8eyo1
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.17dp8vu
https://docs.google.com/document/d/1oIkcJprN_fyCPqiKvG6SB8p_W7w8qqtB_WLnoGSKTmc/edit#heading=h.3rdcrjn
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integrate the Activity Based Costing (ABC) into Monte Carlo Simulation to enhance the 

cost estimation of the probabilistic activities. The Monte Carlo Simulation showed a 

capability to be used for the sophisticated estimation such as the aircraft components 

through enabling building a cost estimation model from the given input, therefore, this 

enhances the regression process and maximise the precision percentage (Huang et al., 

2010). In addition to using Monte Carlo Simulation to predict the cost of a project from 

the historical data, it is also used to establish yield cost associated with desired best/worst 

input data and provide a range of cost against a range of certainty percentages (Belova et 

al., 2000). 
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2.11. INTEGRATED PROJECT DELIVERY (IPD)  

IPD is a project delivery approach that integrates all project dimensions such as people, 

organisation, and business structure from the conceptualisation stage, as well as, 

mobilising all participant’s resources to achieve the project goals with maximising value 

and minimising the waste (Kent and Becerik-Gerber, 2010). In this approach, all 

participants are responsible to share risk/reward throughout all project stages  (AIA, 

2010). Wan and Yu (2019) state that IPD is a concentrated delivery approach, all 

participants should have the same level of interest towards the project objectives, 

therefore, a fully open communication, sharing risk/reward, cooperation should be 

considered in order to receive the desired return beyond using IPD.  

Kent and Becerik-Gerber (2010) argue that IPD is mainly developed to eliminate the 

fragmentation that is caused when the project is led by a ‘master builder’ throughout the 

entire project stages. The movement to a collaborative, systematised and an integrated 

delivery approach is highly recommended, particularly, with the increase in the 

complexity of the construction projects (Mesa et al., 2016, Singleton, 2010). Even though, 

IPD is not widely used in the construction industry, however, there are many successful 

cases that were implemented using IPD (Zhang et al., 2012). Therefore, the benefits and 

shortcomings of the IPD approach should be discussed to enable maximising its benefits 

and managing its shortcomings.  The IPD includes seven distinguished stages; each stage 

should be managed by different tools and techniques according to the availability of data 

(AIA, 2010). Figure 6 shows that almost all project stakeholders participate in the 

conceptualisation stage except the trade contractors start to involve the criteria design 

(Allison et al., 2018). Moreover, the role of the owner is influenced across the seven-stage 
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which can fill the gap between the client requirements and design experience (Rowlinson, 

2017).  

Figure 7 depicts the differences between the allocation of the design effort curves of the 

traditional method and the integrated method (AIA, 2010). Regarding the IPD approach, 

the design effort/effect starts higher than the traditional and increase steadily until the 

construction documentation stage. From figure 2.4, the peak design effort is located in 

the detailed design stage for the IPD, then the curve begins to decrease steadily during 

the construction stage (Jones, 2014). However, the traditional method starts with a lower 

needed amount of effort and increases steadily to reach the highest point in the bidding 

stage (Ashcraft, 2012).  

 

Figure 6. The IPD stages and the involved parties during each stage (AIA, 2010). 
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2.11.1. The Benefits of IPD in Construction Projects 

As aforementioned, IPD relies on the collaborative environment (Ashcraft, 2012, Allison 

et al., 2018). Consequently, the project can be successful If the project core team member 

shares the same goals and objectives (Allison et al., 2018), the following points show in-

details the significance of implementation of IPD in the construction industry: 

• Mutual respect and benefit: all of the core team members participate under the 

same conditions which reflect the same level of interesting to undertake the 

project under the agreed specifications (Rowlinson, 2017). As well as, using a 

single compensation structure declares that sharing in benefits and risks make the 

participant as one team toward a single objective, however, this needs to create a 

distinguished and special business structure (Teng et al., 2017).  

• The goals have been set early: as a result of the early involvement of all 

stakeholders, this leads to create the goals and objectives early and mobilise all 

project capabilities toward these objectives and allow them to work in a 

collaborative environment (Pishdad-Bozorgi and Beliveau, 2016). As well as, this 

Figure 7. Design effect/effort for traditional and integrated methods (AIA, 2010). 
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allows to apply the value management procedures—concepts and methodologies 

of value engineering such as the Target Value Design  (TVD)— to increase the 

value and minimise the waste (Allison et al., 2018).  

• Enhance the communication: according to the well-defined responsibilities from 

the beginning which leads to creating an honest and transparent environment, this 

will avoid the blame cultures and try to solve the problems more than determine 

the liabilities (Ahmad et al., 2019).  

• High performance: the integrated delivery approach relies on optimising the 

whole process for a design solution, high performance, and developing a 

sustainable design (Nawi et al., 2014, Pishdad-Bozorgi and Beliveau, 2016). 

According to (El Asmar et al., 2013), the IPD has proven its capability regarding 

six performance metrics, which are quality, schedule, project changes, 

communication among stakeholders, environmental, and financial performance, 

these findings have been determined through a statistical (quantitative) analysis 

of (n=35) projects that were fully implemented using IPD approach.  

• Proper technology: The ICT is highly recommended to be utilised with the IPD 

approach in order to build the needed collaboration and trust environment among 

IPD core team members such as BIM and web applications (Glick and Guggemos, 

2009, Nawi et al., 2014). The utilised technologies should be identified from the 

early stage; these technologies will maximise the function and the interoperability 

through the project stages (Rowlinson, 2017, Pishdad-Bozorgi, 2017, Ahmad et 

al., 2019). This benefit will be discussed in details in the next chapter. 

2.11.2. IPD-Based Cost Estimation  

IPD is a project delivery system for delivering value, where value might include 

considerations other than pure cost (Pishdad-Bozorgi and Srivastava, 2018). That said, 

even where the value has qualitative dimensions, the projection and tracking of costs will 
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be critical to IPD success (Ashcraft, 2012, Love et al., 2011). Cost estimation hence has 

a vital role in applying IPD (Zhang and Chen, 2010, AIA, 2007), and therefore, must be 

tracked through a scrutinising method by core team members to determine their profit, 

and shared benefits/risks, according to the deviation between the actual and target costs 

(AIA, 2007, Zhang and Li, 2014). The compensation approach structure must be capable 

of drawing upon effective methods, to determine cost overrun proportions, cost underrun, 

and any saving in the total budget under the agreed cost (Thomsen et al., 2009). That is 

because, risk/reward proportion rely on the degree of achievement during the entire 

project stages (Love et al., 2011). The compensation approach has two limits (as shown 

in Figure 8); firstly, the direct, indirect, and overhead costs, which can be nominated as 

agreed cost, and secondly the profit-at-risk percentage after estimating the agreed cost 

(AIA, 2007, Zhang and Li, 2014).  

 

 

 

Figure 8. Compensation approach structure, adapted from Zhang and Li (2014) 
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The Precise determination of risk perception is critical to ensure the agreed compensation 

structure will be implemented correctly throughout the project, so that, the risk/reward 

ratio can be fairly allocated among project participants. Therefore, the participant who 

carries more uncertain works can be compensated with higher profit-at-risk percentage 

(Das and Teng, 2001). Alliancing agreements, however, can reduce risk impacts through 

sharing information, given that the success in dealing with risks depends on data 

availability (Delerue and Simon, 2009) 

As illustrated in Figure 9, IPD limbs can be classified into three limbs; Limb-1 

representing the reimbursement of project costs, Limb-2 indicates the overhead costs for 

all participants, and Limb-3 is the profit-at-risk ratio. Limb-3, that is represented through 

a risk/reward sharing model, must be specified at the beginning of the project (Ross, 

2003). According to Ross (2003), risk/reward ratio is measured by the Overall 

Performance Score (OPS), which is a scale between 0 and 100, where 0 to 50 represents 

the pain scope, and 50 to 100 represent the gain range (see Figure 9). After computing the 

risk/reward ratio using OPS, the project participants should share this ratio in 

correspondence with the contract.  

Figure 9. OPS ranges for Risk/Reward ratio, adapted from Ross (2003) 

2.11.3. TARGET VALUE DESIGN (TVD)  

Target value design (TVD), an emerging practice in the construction industry, is a 

management strategy that aims to eliminate waste and deliver value using a ‘design-to-
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cost’ method (Meijon Morêda Neto et al., 2019). The thrust of TVD is to position a 

client’s value (e.g., cost, schedule, etc.) as the driver of design to reduce waste and satisfy 

the client’s expectations (Zimina et al., 2012). Target value design (TVD) thus introduces 

a philosophy towards design based on the budget, in contrast to the idea of budgeting for 

the design – a traditional design concept – and, therefore, cost estimating becomes a 

crucial part of design development (Allison et al., 2017). Empirical research shows that 

TVD projects can achieve cost reductions of 15–20% and contingency costs of 

approximately 3.5% compared to 7.9% for non-TVD projects (Silveira and Alves, 2018, 

Meijon Morêda Neto et al., 2019).  

Consequently, TVD is recommended as an effective solution for IPD projects (de Melo 

et al., 2016, Pishdad-Bozorgi et al., 2013). A successful TVD requires extensive 

collaboration among designers, builders, quantity surveyors and trade partners (Alwisy et 

al., 2018): all these parties must be at the table and offer continuous feedback to influence 

the design and achieve the owner’s goals while complying with the set budget, as argued 

by Pishdad-Bozorgi et al. (2013) and Allison et al. (2017). This collaboration is based on 

multiple interactions and rapid circles of suggestions, analysis and feedback to allow 

continuous improvements and to find the solutions that meet the client’s – or multiple 

stakeholders’ – definition of value (Alves et al., 2017, Silveira and Alves, 2018). 

Therefore, TVD is implemented with the support of lean management tools to facilitate 

effective collaboration and make possible these rapid circles of conceptualisation, 

analysis and estimation (Meijon Morêda Neto et al., 2019, Alwisy et al., 2018, Alves et 

al., 2017, Allison et al., 2017). 
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2.12. BUILDING INFORMATION MODELLING/MANAGEMENT  

2.12.2. Overview of BIM Dimensions and Levels 

Due to the increase in complexity of the construction industry, it becomes more 

complicated to be managed due to the reciprocal interdependencies between different 

stakeholders (Alshawi and Ingirige, 2003, Qureshi and Kang, 2015). Therefore, utilising 

technologies to enhance the management processes have been highly considered in order 

to enable managing the project communication and information data  (Taxén and 

Lilliesköld, 2008). During last few years, the enhancing in managing project information 

has been developed and Building Information Modelling (BIM) is one of these 

developments, therefore, BIM can be identified as “a set of interacting policies, processes 

and technologies generating a methodology to manage the essential building design and 

project data in digital format throughout the building's life-cycle” (Succar, 2009). 

Consequently, UK begins to recommend BIM as a way to approach projects from 2014 

in order to reduce transaction costs, as well as, minimising the design errors, the 

government set adopting BIM as a condition for many projects to deliver the project 

documentations as fully collaborative BIM 3D model (Smith, 2014b). BIM is not only 

geometric model which includes all design elements, nonetheless, BIM is a holistic 

process that contains several tasks such as project management tools and techniques, 3D 

design, contractual issues, and facility management in order to lean the construction 

process and maximising value of a constructed asset (Bryde et al., 2013). 

The UK Department of Business Innovations and Skills (BIS) proposed different levels 

from 0 to 3 in order to identify the adopted level of BIM rapidly with respect to the adopter 

internal capabilities, the external supply chain factors and other stakeholders (Succar et 

al., 2012).  
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Figure 10 illustrates the differences between BIM maturity levels, the main difference 

between each level is the degree of integration between different types of data such as 

design data, cost and schedule data. As long as, the integration and collaboration between 

all BIM levels such as 4D, 5D, and 6D BIM in a single context increase, the position of 

adoption in the maturity levels will be directly increased (Barlish and Sullivan, 2012).  

According to (Porwal and Hewage, 2013, Succar, 2010, Succar et al., 2012), the BIM 

maturity levels can be concluded as follows: 

• BIM level 0 can be identified as delivering the project design as 2D CAD without 

any collaboration between the project parties and these 2D drafts could be 

delivered whether manually or electronically (Eadie et al., 2015). 

• BIM level 1 which is considered as a point of departure towards creating 

conceptual 3D BIM designs and the actual designs will be implemented as 2D 

Figure 10. Illustrates the differences between the different levels of adopting BIM 

(Porwal and Hewage, 2013). 
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design to finish all statutory approval documentation and Production Information. 

The CAD standard is followed BS 1192:2007 and sharing data will be 

implemented by a common data environment (CDE) which represents the pool of 

data which share the information between all stakeholders, the data will be 

transferred within electronic document management system (EDMS) 

(Underwood et al., 2015). 

• BIM level 2, the collaboration and integration become more efficient between all 

stakeholders in different stages whether the construction or operation stage within 

a distinguished system which is called Construction Operations Building 

Information Exchange (COBie) (Succar, 2010). All documents should adhere to 

PAS 1192 specifications, these series of specifications contain four documents 

(Eadie et al., 2015), namely, (1) PAS 1192-2: 2013 which describes the 

requirements of the project stage, (2) PAS 1192-3: 2014 which deals with the 

operation stage, (3) BS 1192-4: 2014 is developed as a code of practice rather than 

a specification standard, (4) PAS 1192-5: 2015 as a set of specification for 

security-minded BIM. The majority of companies are still attempting to adopt 

BIM level 2, however, Level 1 is already implemented in most of UK companies 

(Ganah and John, 2014). 

• BIM level 3 which doesn’t have a specific definition yet, however, there are some 

criteria to address the target of adoption BIM level 3. These criteria can be 

concluded as follows (1) the collaboration must be globally on the market level, 

not project/enterprise level, (2) using integrated contract which declares the 

collaboration, sharing risks and reward and opening new opportunities on 

domestic/international levels which relies on using the technology in AEC 

industry (Khosrowshahi and Arayici, 2012). As it can be seen from the figure 10, 
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level 3 is divided into two sections, so that iBIM shows the specification of 

building an Integrated data in a single/dynamic model and the Life Cycle 

Management which considers the Capital cost (Capex) and operating expenditure 

(Opex) (Succar, 2010). There are some stages to enable the movement to BIM 

level 3, These stages are Level 3A which interests by improving BIM Level 2 

designs, Level 3B enabling to embed using technology in the construction 

industry, Level 3C considers the business level rather than project level, and Level 

3D which capitalise the world leadership (Government, 2013). 

In addition to BS1192, the American Institute of Architect (AIA) has developed Model 

Progression Specifications (MPS) in order to specify the requirements and deliverables 

for each stage and the Level of Details (LoD) is used to measure the degree of accuracy 

in the created models.  The measurement scale begins by (100) that describes a poor 

information model ane end by (500) that represents a higher degree of embedded 

information in the BIM model (Porwal and Hewage, 2013). 

2.12.3. 4D BIM Implementation and Challenges 

BIM 4D is defined as the way of improving the function of the planning process (Sloot et 

al., 2019). These functions can be concluded as follows (1) the function of extracting the 

needed planning information from BIM 3D design model (Turkan et al., 2012) ; (2) the 

function of identifying the activities by analysing the extracted design elements via 

specific constructability methods (Hartmann et al., 2008); (3) estimation and processes 

interdependences functions (Heesom and Mahdjoubi, 2004); (4) planning project 

resources and site logistic data (Barry and David, 2016). 4D planning is mainly related to 

link project schedule to BIM 3D design elements in order to improve the buildability of 

construction process, addition to aforementioned functions, there are several capabilities 

such as visualisation of time and construction process  (Büchmann-Slorup and Andersson, 



58 
 

2010); analysing the project schedule to determine the suitable buildability method (Koo 

and Fischer, 2000); minimising the construction errors through exploiting the virtual 

simulation before emerging the construction phase as well as improving the collaboration 

and communication between project parties (Dawood, 2010). However, 4D BIM is not a 

new phenomenon, it backs to 1980s when Bechtel and Hitachi Ltd attempted to produce 

a visual 4D model and throughout the time the technology has been developed, and this 

enhanced the 4D BIM technology as well (Dawood and Mallasi, 2006). Currently, 4D 

BIM platforms enable to incorporate several models and data whether schedule or cost in 

order to link all design elements in an intelligent system via logical relationships (Tulke 

and Hanff, 2007).  

The origin of 4D BIM process back to 1980s, when Bechtel and Hitachi Ltd have 

collaborated to generate a 4D visual model (Rischmoller and Alarcón, 2002), however, 

the core of 4D techniques have been developed by Fischer and associates from Stanford 

University in order to create a visual planning and scheduling (Dawood and Mallasi, 

2006). Currently, the 4D BIM model is able to integrate several models with the project 

schedule with enabling loading multi resources as well as creating smart logical 

relationships between the project activities (Gledson and Greenwood, 2016). The main 

function of 4D BIM is to link the 3D BIM model by the project schedule (Gledson and 

Greenwood, 2016), this function includes several features such as visualisation of model 

spaces and time of performing the design elements  (Büchmann-Slorup and Andersson, 

2010, Heesom and Mahdjoubi, 2004, Liston et al., 2003); considering the constructability 

methods of performing each activity (Koo and Fischer, 2000), supporting the 

communication between all stakeholders which minimise the errors (Dawood, 2010). 

4D BIM is characterised by (1) The visualisation attributes that can help the non-

specialized employer to integrate and involve in the construction process within different 
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stages (Heesom and Mahdjoubi, 2004). Moreover, the decision making needs 

visualisation to clarify the information which needs to build an effective argument to get 

an optimum decision (Dawood, 2010), (2) efficient Communication by building an 

information channel, which facilitates to integrate and combine all project stakeholders 

in the dynamic panel (Hartmann et al., 2008). This dynamic panel begins to be shaped 

from the conceptualisation stage by integrating the owner with the architect to set the 

project outlines; this process requires information from the trade contractors and another 

specialist (Hakkarainen et al., 2009, Hamledari et al., 2017), (3) collaborative, planning, 

scheduling, and constructability (Gledson and Greenwood, 2016), (4) Claims and Dispute 

Resolution by utilising the clash detection feature in the 4D BIM (Sloot et al., 2019).  

2.12.4. BIM and Cost Management 

In moving towards efficient project delivery, the ultimate goal is having a database of 

information that is available to all project participants, with confidence in its accuracy, 

universal utility, and clarity (Ashcraft, 2014b, Oraee et al., 2017). The main drive for 

adopting BIM is managing all project documents and stages (i.e. design, planning, and 

costing) in a single/dynamic context, to secure the proper exploitation of available 

information (Redmond et al., 2012, Merschbrock et al., 2018, Abrishami et al., 2015). 

BIM design elements must contain the required information in various natures, including 

design or management (Banihashemi et al., 2018), to acquire smartly-designed elements, 

rather than traditional 3D components (Fu et al., 2006, Pärn and Edwards, 2017). BIM 

users should be capable of acquiring all the required information from a single BIM 

element, to make informed decisions (Motamedi and Hammad, 2009, Shen et al., 2012, 

Abrishami et al., 2014). Four-dimensional modelling (4D BIM) can embed progress data 

in 3D model objects by adjusting the task-object relationship (Hamledari et al., 2017). 

Application of 4D BIM leads to easily operate workflows, efficient on-site management, 
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and assessing constructability (Hartmann et al., 2008). As for the cost management, BIM 

is one of the most efficient Architectural, Engineering, and Construction (AEC) tools in 

increasing productivity on construction projects (Wang et al., 2016, Aibinu and 

Venkatesh, 2013, Lee et al., 2014). Colloquially termed as 5D BIM (Aibinu and 

Venkatesh, 2013), this capability of BIM offers the preferred technique for extracting 

quantities from 3D models, allowing cost consultants to incorporate productivity 

allowances and pricing values (Eastman et al., 2011a, Lee et al., 2014). The cost 

estimating process starts with exporting data from 3D models to BIM-based cost 

estimating software (e.g. CostX®) to prepare quantity take-off. Afterwards, the Bills of 

Quantities (BoQ) are generated and exported to an external database (Aibinu and 

Venkatesh, 2013). Prices and productivity allowances can also be added to project 

schedule preparation (Eastman et al., 2011a, Lee et al., 2014). Such automated 

quantification will shorten the quantity take-off processing time, and will automatically 

consider any changes in design – which is likely in fast-track projects (Wang et al., 2016, 

Popov et al., 2010). 

2.12.4.1. 5D BIM and Quantity Surveying  

Quantity surveying has been a vital part of the construction process for more than 170 

years (Cartlidge, 2011). From that time, the role of the quantity surveyor has been to 

manage cost estimation and control as well as to optimising contractual and financial 

trade-offs, such as in the valuation and payment of construction projects (Ashworth et al., 

2013). The role of the quantity surveyor has been developed to meet the requirements of 

value management approaches more than the construction method, and has been 

implemented by developing the tools and techniques used to capture cost management 

parameters, such as automated measurement (de Andrade et al., 2019). Moreover, the 

emergence of BIM has enabled the support and delivery of facilities management tasks 
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as well as enhancing the holistic management process. Hence, the role of the quantity 

surveyors has changed in parallel with the BIM progress  (Stanley and Thurnell, 2014). 

The introduction of BIM has required a change in the manner of building in terms of the 

design, procurement strategy as well as all other parameters in order to achieve the 

necessary collaboration and integration in the AEC industry (Aranda-Mena et al., 2009, 

Qian, 2012). Consequently, cost management must change in order to be compatible with 

these approaches and an effective part of this process (Hanid et al., 2011).  

Most of the definitions state that BIM 5D is the preferred method for extracting the 

quantities from the BIM 3D model in order to enable cost consultants to commence the 

costing process by inserting the productivity allowances and pricing values (Eastman et 

al., 2011a).  Forgues et al. (2012) recommend that output data should be supported by 

another format used to complete the measurement and pricing process. The cost 

estimation process begins by importing the BIM 3D model to any BIM-based cost 

estimation software, such as Exact cost-x or Visio office, to prepare take-off of quantities 

(Mitchell, 2012). After that, generating the Bills of Quantities (BOQ) and exporting it to 

an external database where prices and the productivity allowances are added to prepare 

the project schedule (Eastman et al., 2011a, Forgues et al., 2012). Moreover, Hannon 

(2007) points out that such automated quantification will shorten what is a time-

consuming process, as well as being able to automatically take account of any changes in 

the design development process. 

2.12.4.2. BIM 5D Implementation Barriers and Challenges 

Sylvester and Dietrich (2010) reported that 5D BIM has changed the quantity surveyor 

roles from spending much time to extract the quantities from the drawings to analyse and 

validate the cost data in order to reach the optimal cost estimation value. Moreover, Shen 

and Issa (2010) asserted that using 5D BIM platforms reduce the generated errors of 
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misleading manual calculations and this leads to effectively estimated durations. In 

general, 5D BIM introduces a comprehensive process of taking the early decision at an 

early design stage by offering an automated quantity take-off for all designs whether 

concept or detailed design (Forgues et al., 2012). Therefore, Smith (2014b) asserted that 

the BIM process introduces a holistic approach for all project functions such as design, 

management, construction, and sustainability matters simultaneously. McCuen (2008) 

reported that exploiting 4/5D BIM in the AEC industry leads to increase the profitability. 

Moreover, Franco et al. (2015) claimed that the model has proven comprehensive and 

durable enough to assist in all phases of the project lifecycle—from conception, through 

design and construction, to operations and maintenance.  

Nassar (2011) argued that the estimation process is more than listing the design objects 

and the prices, thus BIM only is not adequate to be used in the cost management process. 

Therefore, linking cost estimation programs and BIM design platforms is important to 

accomplish the entire cost management process.  Stanley and Thurnell (2014) reported 

that exploiting BIM estimation software produce an accurate cost estimation, and give 

the estimator reliable indicators to light the future works. Nevertheless,  McCuen et al. 

(2011) claimed that it is not necessary the derived information from BIM model to be 

completely precise. On the other hand, the transferring of data between several platforms 

cause waste in data which reduce the accuracy of the information (Azhar et al., 2012). 

Moreover, Sunil et al. (2017) reported that BIM leads to enhance cost estimation, and 

control tasks and this affects directly the role of cost managers and increase their abilities 

and way of making the decision. Moreover, BIM increases the involvement of quantity 

surveyors in different tasks of the project and eliminating the traditional QS isolation 

working environment which reduces the availability of information. Nonetheless, the 

integration and coordination between different models are not adequate, thus the QS is 

still responsible to articulate the cost report semi-manually via linking several models 
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such as 3D design model, 5D platform to extract quantities and Excel sheet to determine 

the prices by exporting the derived quantities (Smith, 2014a). On the other hand, the 

integration between cost estimation and schedule remains proceeding manually by the QS 

which makes this process is complicated and takes a long time (Sunil et al., 2017). 

Moreover, Cho et al. (2012) also claimed that the project data remains to undertake by a 

set of spreadsheets, and estimating software, therefore there is no a single/dynamic 

platform to proceed the entire cost management without any other supporting programs.  

There is no balance in the relationship between the amount of information required for 

the cost estimation and the data added by the designers (Kiviniemi et al., 2007). 

Moreover, the pricing format is not considered in BIM models, but it is required by the 

quantity surveyors to modify the BOQ model for each project in terms of their breakdown 

structure (Wu et al., 2014). 

The lacuna is caused by the traditional approach of working in separate environments, 

whereby each discipline is implemented by using a different model and the frequent 

question is which one is the cost estimating process should follow? (Stanley and Thurnell, 

2014), Consequently, the project core team member usually loses countless hours in 

adapting one model to meet the needs of the cost process (Meadati, 2009). Boon and Prigg 

(2012)  contend that a balance of the information between the different disciplines, such 

as the architecture and QS information, must be considered.  

Stanley and Thurnell (2013) state that the nature of the construction industry is the reason 

for the late or less efficient implementation of BIM 5D. To address this, the BIM 5D 

software companies should consider collaboration regarding the workflow of the cost data 

throughout the project stages or between the different participants who lead, in order to 

make the cost management process effective and efficient (Olatunji et al., 2010). 
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2.12.5. BIM and cash flow 

Interdependencies between the cost (BIM 5D) and schedule (BIM 4D) are obvious, 

because the integration between cost and schedule processes in a single system is 

necessary to establish appropriate control. However, in practice, the two parameters are 

still separate given that the schedule is represented by Work Breakdown Structure (WBS), 

whilst the costs are identified by Cost Breakdown Structure (CBS) (Fan et al., 2015). 

Hence, during the budgeting stage the integration between the WBS and CBS becomes 

complex, thus leading to potential errors and mismatch (Jung and Woo, 2004) 

Fan et al. (2015) state that the initial steps to integrate BIM 4D and 5D are creation of the 

project schedule as well as BIM models, the next step is the cost estimation of all design 

elements. Subsequently, the generated cost items need to be linked with the project 

schedule (BIM 4D), and the BIM element linked to the schedule. However, this process 

has some shortcomings when it comes to implementation, particularly linking the BIM 

schedule to the generated cost. In sum, the BIM elements should be linked directly to the 

cost items to avoid the complicated process in of integrating these elements with the 

schedule. 

Kim (1989) developed a costing system model to manage cost estimation, budgeting 

control, however the proposed model which was named basic construction operation, 

which indicates the lowest level in construction operation, and this level has linked to 

three sources, namely: WBS, CBS, and design files. However, this system has been 

criticised by (Rasdorf and Abudayyeh, 1991) due to it is required a high level of details 

as well as refining each operation in order to reach sub-task, this is not practical and 

applicable in AEC industry.  
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Since the classification of construction works is vital to reliable budget, therefore, ,Kang 

and Paulson (1998) developed a classification system based on four categories, namely, 

facilities; Spaces; elements; operations. Subsequently, the cost and schedule will be 

considered for each level in each category for a construction project, however the 

proposed classification system is not suitable for quantity take-off in cost estimation 

process  (Wang et al., 2016). Therefore, the challenge of detailed cost estimation with 

consistent WBS hierarchy remains persist in AEC industry, particularly when using the 

work-packaging (WP) method which relies on the cost/schedule control system criteria 

(C/SCSC) in the package level, however this is not efficient due to the construction 

operations involves long hierarchy levels to reach sub-task level (Moder et al., 1983). 

Even though the method assigns the cost to WBS regardless CBS, however Rasdorf and 

Abudayyeh (1991) assert that it needs some improvements to make it applicable in 

complex project.  

Yang et al. (2007) developed a model to integrate the budget (override the resources) 

directly to the schedule in daily proportion to develop BCWS, and each activity will be 

weighted daily as ratio relative to the schedule, and this ratio will be used to measure the 

progress, however daily scale in construction projects may be impractical (Wang et al., 

2016). Cho et al. (2012) developed a model which is entitled a 5W1H (what, when, where, 

who, why and how) in order to solve the challenge of integrating cost/schedule in 

construction project. So that, the planner can follow the operation as multi-function within 

multi-level such as the what (would be a column), how (framework), and answers of other 

questions give more details to enable the integration.  

According to (Eastman et al., 2011b),  there is no a full functional BIM cost management 

software, therefore the quantity surveyor should link between different platforms in order 

to carry out the main three tasks, namely: estimation, budget and control. Even though, 
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Lawrence et al. (2014) developed a model to update the estimated cost automatically 

based on design changes, however the entire estimation will be unreliable due to miss 

plenty of information which is not embedded in the design. Moreover, Wang et al. (2016) 

developed a model to integrate cost/schedule based BIM, the developed model links 

between the BIM design object, cost item, activity and area (zone/floor). Even though, 

the proposed model used BIM in formulating project budget, however the process does 

not support the automation.   

2.12.6. 4D/5D BIM Automation  

Integrating BIM into daily construction activities will facilitate automatic updating of all 

site information, and as such, can result in enhancing productivity and strengthening 

relationships amongst stakeholders, and increasing trust in site-collected data (Omar and 

Dulaimi, 2015). As such, El-Omari and Moselhi (2011) asserted that using unsystematic 

procedures in collecting site data can lead to a huge loss of information with unreliable 

results. BIM 4D automation will enhance the quality of the collected data and reduce 

human interference in the data collection process (Hartmann et al., 2008, Hamledari et 

al., 2017). Similarly, 5D BIM provides an effective methodology for cost data collection 

and analysis of construction projects (Wang et al., 2016, Aibinu and Venkatesh, 2013, 

Lee et al., 2014, Popov et al., 2010). Furthermore, Lee et al. (2014) recommended that 

BIM cost systems should participate in decision making, rather than merely generating 

BoQ.  

Automated data collection methods have intensively improved, through various kinds of 

technology like barcoding, radio frequency identification, 3D laser scanning, 

photogrammetry, multimedia, and pen-based computers (El-Omari and Moselhi, 2011, 

Turkan et al., 2012, Turkan et al., 2013). Eastman et al. (2011a), on the other hand, argues 

that there is no comprehensive BIM-based cost management platform that can perform 
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all cost-related processes, namely; estimation, budgeting, and control. Collected data 

hence remains not ideally exploited across the construction industry, and research studies 

are shifting to explore the means towards analysing data in efficient ways (Wang et al., 

2016, Hosseini et al., 2018).  

2.12.7. The Applicability of Integrating IPD, BIM and TVD  

Kent and Becerik-Gerber (2010) state that there are some criteria which distinguished 

using IPD in BIM projects, these criteria are multiparty agreement; early involvement of 

all parties; and shared risk and reward. Moreover, Bedrick and Rinella (2006) assert that 

BIM has enhanced the efficiency of the construction process by enhancing the 

collaboration among a wide range of project participants through different stages whether 

design or construction. Therefore, comprehensive decision making must be considered at 

the early design stage (Ashcraft, 2008). Subsequently, DeBernard (2008) argued that 

implementing IPD can optimise the delivery timeline of construction projects by reducing 

waste within better planning and shared risk/reward. Therefore, the optimisation of 4D 

BIM can play a vital role in reducing cost and enhancing the entire efficiency for 

construction process (Rowlinson, 2017). 

The integration of BIM and IPD received the attention of researcher during the last 

decade, Zhang and Wang (2009) recommended the utilisation of IPD project using BIM 

technologies in order to change the old production paradigm in the construction industry. 

With the increasing of adopting BIM in the construction industry, new contractual 

arrangements and relationships should be formed, particularly to enable the collaboration 

and sharing risk/reward among project participants, that’s why IPD is necessary to 

maximise the benefits of BIM adoption (Lancaster and Tobin, 2010). Even though the 

alliance contracting method has mutual concepts with the IPD such as sharing 

risk/reward, however, accompanying the Information and Communication Technologies 
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(ICT) with the IPD such as BIM and ‘Big Room’ environment can enhance the project 

performance (Raisbeck et al., 2010). The benefits beyond the real applications of BIM 

and IPD together appeared in several studies such as Dossick et al. (2013), the coupling 

of BIM, IPD and lean concepts supported the integrated teamwork which enhanced the 

design outcomes and construction products. Through analysing the outcome of 

implementing BIM in 145 projects, Chang et al. (2017) asserted the ability of BIM to 

maximise the acceptability of IPD, particularly, BIM projects require a flexible supply 

chain approach and improved communication quality among project participants.  

The implementation of IPD requires some principles such as communication, 

interpersonal and negotiating skills in order to influence the effectiveness of team 

members and performances (Mathews et al., 2017). After building the contractual 

agreement among participants, the organisation structure of the IPD should be articulated, 

the main features of this organisation are the ability to offer a collaboration platform in 

order to enhance the communication among participants, therefore, BIM is recommended 

to provide the desired collaboration platform within the IPD organisation (Rowlinson, 

2017, Ahmad et al., 2019). Although, IPD can be implemented without BIM, however, 

BIM is the most vital factor to ensure the integration/collaboration in IPD (Pishdad-

Bozorgi et al., 2013, Rowlinson, 2017) and Unrestricted shared information (Sun et al., 

2015, Ma et al., 2018). 

According to (Yee et al., 2017), IPD can be implemented in four levels so that each level 

describe a different level of collaboration and BIM integration. Level 1 represents the 

lowest level of collaboration, however, the philosophy of IPD in terms of mutual trust 

and open communication are considered. From level 2 to level 4, the degree of integration 

increases with minimising the degree of liability allocations among the project 

participants, the IPD has transformed from philosophy adoption to complementary 
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delivery adoption, level 3 and level 4 reveals the importance of utilising BIM within IPD 

approach in order to successful integration/collaboration management (Yee et al., 2017). 

Moreover, the coupling of BIM and the “internet+” technologies can improve the network 

environment for the IPD approach (Wan and Yu, 2019). 

A recent study by (Nguyen and Akhavian, 2019) explored the current status of integrating 

IPD, BIM and other lean techniques such as Target Value Design (TVD) in around 72 

vertical projects, the quantitative and qualitative analysis of these project outcomes, 

particularly the cost/schedule performances revealed that there were significant 

improvements for the projects schedule, as well as noticeable cost reduction. Jang et al. 

(2019) assert the importance of implementing TVD with BIM whether through adopting 

IPD or two tender stages under Design-Bid-Build (DBB) approach, this enables 

subcontractors to involve in the design process, which, enable finish the design in 

accordance with the client’s budget.  

The cross-functional organization in integration with the IPD approach is highly needed 

for successful implementation of TVD and meet the set requirements for both schedule 

and cost, the IPD approach can leverage the full potential of individuals to contribute 

efficiently in the design process (Laurent and Leicht, 2019, Ebrahimi and Dowlatabadi, 

2018).  The proper management of the incentive in the IPD and TVD approach can avoid 

the misalignments of commercial incentives among IPD core team members (Do et al., 

2015). A comparative study between IPD based on TVD and Design-Build (DB) 

approach using the game theory, findings reveal that a set of managerial target costing 

strategies is needed to shift from the traditional design to the full TVD adoption with the 

IPD (Jung et al., 2012). 

Raisbeck et al. (2010) mentions that IPD is different from alliancing approach as IPD has 

been supported by BIM, therefore the BIM environment which is called "Big Room” 
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enables participants to discuss all project issues in a virtual environment which enhance 

the collaboration and integration (Allison et al., 2018), additionally, BIM dimensions 

allow to discuss schedule/cost between all participants with using visualisation and 

simulation features to enable well-understanding (Ashcraft, 2012), particularly for owner 

party and non-experienced participants. Since IPD is a continuous approach during the 

entire project stages, therefore it is required a map of workflow such as Toyota’s lean 

manufacturing process (Lichtig, 2005, Forbes and Ahmed, 2010).  

According to Raisbeck et al. (2010), the ability of BIM to detect the clashes at an early 

design stage could save incredible cost due to all clashes will be solved in the virtual 

environment just by spending a little effort and short time, rather than solving these 

clashes in the physical environment. Therefore, IPD enables bring all participants 

together from the concept stage which allows acquiring the needed information to detect 

proposed clashes (Solihin and Eastman, 2015). Moreover, BIM offers strong IT 

infrastructure platform to facilitate the movement of data between multi-sources in the 

project, hence this increases the innovation as all information is presented digitally (Ma 

et al., 2018, Allison et al., 2018).  

Popov et al. (2010) developed a model to integrate 3D, 4D and 5D BIM in a single 

environment in order to enable the integration throughout the different project stages, this 

model includes three stages, namely: design and determination of resources, organization 

and simulation of construction works, and asset management. Each stage has been refined 

to sub-tasks in order to facilitate its implementation (Popov et al., 2010). Therefore, Ilozor 

and Kelly (2012) state that “BIM is envisioned as a tool for project integration”. However, 

the researcher recommends that further research should be carried out in order to measure 

the impact on real projects.  
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AIA (2010) states that IPD showed promising results when it has been implemented in 

California due to its ability to offer close collaboration between owner and non-owners 

parties. Moreover, implementing BIM within IPD can offer the advanced technology to 

all participants, regardless the size of the project or the size of party’s organisation 

(Pishdad-Bozorgi et al., 2013, Rowlinson, 2017, Nawi et al., 2014). Yee et al. (2017) 

assert that the organisational issues play a major role in minimising the benefit of 

implementing IPD because the unclear organisation could cause a fragmentation between 

the relationships of project elements. Ghassemi and Becerik-Gerber (2011a) assert that 

technology plays as a vital barrier to implement IPD such as the interoperability of 

information among participants, moreover, copyright of drawing and designs need to be 

considered in order to protect the copyrights of participants. Costa and Tavares (2012) 

developed a social e-business model to improve the collaboration and enhance the trust 

between project parties within using networks which exploited satellite technology. 

Moreover, Porwal and Hewage (2013) articulated BIM partnering framework in order to 

maximise the value of implementing BIM in governmental projects within enabling 

involving contractor and sub-contractors at an early design stage and IPD was proposed 

as a solution.   
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2.13. THE REQUIREMENTS OF THE COST MANAGEMENT PROCESS —

THE HIGHLIGHTED RESEARCH GAP—OF THE IPD APPROACH  

2.13.1. Research Gap in Cost Estimation Operation within IPD 

The review of the literature revealed several research trends on this topic. Most research 

has been aimed at informing practitioners of the potential of the available tools and 

techniques, such as TVD and BIM, and at providing an outline of how they contribute to 

the development of better IPD solutions. Pishdad-Bozorgi et al. (2013) discussed the 

potential of integration between TVD, BIM and IPD cost estimation, while Alves et al. 

(2017) presented various techniques commonly used for TVD and applicable to the IPD 

context. Zimina et al. (2012) and later de Melo et al. (2016) showed how systematic TVD 

can result in noticeable enhancement of project performance. Several studies have also 

mentioned the potential of BIM to add value to a project’s objectives through IPD 

implementation (c.f.Ahmad et al., 2019, Chang et al., 2017, Succar, 2009, Fischer et al., 

2017a, Hosseini et al., 2018, Azhar et al., 2015). 

Another stream of studies discussed the challenges and barriers of using TVD or BIM for 

IPD cost estimation tasks. For example, Ghassemi and Becerik-Gerber (2011c), Manata 

et al. (2018), Pishdad-Bozorgi (2017) and Kahvandi et al. (2018) focused on various key 

critical success factors, largely from a managerial perspective, with limited attention to 

cost estimation issues.  

Tillmann et al. (2017) discussed the underlying mechanisms of TVD cost estimation 

within IPD-oriented projects, exploring the factors that influence success when TVD is 

applied to these projects. Despite their study’s contributions, it does not focus on the 

tactics of allocating overhead resources. Earlier, Ballard et al. (2015b) explored the 

relationship between IPD and TVD and recommended a set of procedures to enhance the 
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chance of success in applying TVD to IPD cost management processes. Although the 

authors acknowledged that following TVD principles are a critical success factor, no 

explicit technique or procedure was recommended to make the recommendations useful 

in practical terms. Roy et al. (2018) identified the challenges and cost structure of 

implementing IPD: profit pooling, misunderstandings in risk contingency accounting and 

hard pricing are presented as critical barriers to IPD implementation. No workable 

solution was provided by these authors to address these challenges.  

Some researchers attempted to provide models and frameworks to address IPD cost 

estimation issues. Zhang and Li (2014) combined risk perception and the Nash bargaining 

solution (NBS) techniques to formulate a risk-reward compensation model. However, the 

model was not sufficiently comprehensive to cover all possible types of engineering data, 

lacked empirical validity and, hence, required empirical studies. In addition, Pishdad-

Bozorgi and Srivastava (2018) developed a model to share risks and reward using a game 

theory approach, particularly for cases in which project cost exceeds the profit-at-risk 

percentage. Their study only provided an overview of the model with future empirical 

research needed to assess its practicality and to quantify its impacts.  

In summary, the review of the literature revealed that IPD, TVD and BIM are regarded 

as a winning combination for improving project delivery success (Pishdad-Bozorgi et al., 

2013). However, very limited research is available to validate the positive aspects of these 

relationships by providing workable solutions appealing to practitioners (Azhar et al., 

2015, Kahvandi et al., 2017). The need to conduct the current study is thus acknowledged. 

2.13.2. Cash Flow-Cost Budgeting— Research Gap 

According to (Kim and Grobler, 2013), state that utilising BIM can improve the 

traditional cost/scheduling processes. Lu et al. (2016) state that there have been several 



74 
 

studies for analysing cash flow processes, however, most of the research does not consider 

the differences between project delivery approaches. Given that each delivery approach 

has the distinguished relationship between project parties, therefore, the management of 

cash out should be compatible with the delivery approach. 

Batselier and Vanhoucke (2017) exploited the EVM metrics along with the exponential 

smoothing forecasting approach to articulate a systematic model to predict project costs 

and durations. Moreover, Andalib et al. (2018) developed a model to predict the owner’s 

financial behaviour during the project execution, using the previous financial records. 

Even though, the developed model gives a forecasting index with respect to the risk 

perception to similar projects but generally was designed to predict the cash inflow, 

regardless of the delivery approach used. Furthermore, Carbonara and Pellegrino (2018) 

developed a methodology to determine the optimal values of the revenue floor, as well 

as, revenue ceiling. This methodology was designed particularly for Public-Private 

Partnership (PPP) and there are two caps either to share risks or revenue; these are the 

revenue floor to ensure the minimum revenue for contractor, and the revenue ceiling, 

which defines maximum profit can be achieved by the contractor, and any amount of 

revenue after the revenue ceiling will be shared.  Even though this payment is partly 

similar to the IPD structure, however, it is missing a crucial limb, which is the cost saving 

sharing. Moreover, the contractor in IPD could yield to zero revenue in case that the 

cost/schedule performance is poor.  

Even though BIM has been considered to develop the cost budget in some research such 

as Lu et al. (2016) developed a methodology framework to analyse cash flow, which 

consists of cash in and cash out. The developed model exploited the 5D BIM capabilities 

to determine the precise costs of resources for reliable cash outflow. The model used BIM 
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tools for developing the cash flow curves, however, this study did not consider specific 

delivery approach for BIM projects.  

2.13.3. Research Gap Regarding Cost Control and Sharing Risk/Reward 

within IPD 

A review of the literature shows several trends of research on the risk/reward sharing. Of 

these, a major part of the research has been allocated to exploring the potential of 

available tools and techniques (i.e. EVM and ABC within IPD) (Holzer, 2011, Hosseini 

et al., 2018). These studies, for the most part, stop at providing an outline of how these 

methods and techniques add value to the risk/reward sharing mechanism in IPD 

(c.f.Pishdad-Bozorgi et al., 2013, Pishdad-Bozorgi and Srivastava, 2018, Ilozor and 

Kelly, 2012).  

BIM in integration with IPD practices are also discussed in several research studies 

(Mason, 2017, Rowlinson, 2017, Allison et al., 2018, Ilozor and Kelly, 2012, Nawi et al., 

2014, Ashcraft, 2012). The challenges of such integrations are explored in another stream 

of studies; financial challenges, the difference in cost accounting between participants, 

and the lack of risk/reward sharing mechanism that can be accepted by all participants 

(Roy et al., 2018, Zahra Kahvandi, 2018, Holzer, 2011). No workable methodology is 

however provided to demonstrate the interrelationship among BIM tools/dimensions and 

IPD stages in practical terms (Roy et al., 2018, Zahra Kahvandi, 2018).  

Some researchers have directly attempted to provide effective IPD compensation 

structures and frameworks. As an example, Zhang and Li (2014) developed a risk/reward 

compensation mechanism by combining risk perception and the Nash Bargaining 

Solution (NBS) techniques. However, this model does not consider the method of sharing 

actual risk/reward amongst participants and overlooked the impact of IPD compensation 
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structure in successful profit/cost saving sharing. Liu and Bates (2013) also articulated a 

probabilistic contingency calculation model to predict proper contingency to minimise 

cost overrun, nevertheless, a mechanism to share pain/gain percentages remain 

unexplored.  

With the above in mind, the review of the literature on previous studies reveals that there 

is much potential for integrating BIM, ABC and EVM into IPD cost structure practices. 

A workable and theoretically-based solution that presents such integration is still missing 

(Allison et al., 2018, Ballard et al., 2015a). This gap supports the necessity of conducting 

the present study. 

Table 1 shows a summary of the revealed challenges of IPD in corresponding to the 

three main cost management stages, as well as, the BIM and IPD integration challenges.  

Table 1. Cost management challenges of IPD approach 
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Stage Challenges References 
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The existing accounting system is unclear and 

unreadable for all IPD core team members due to 

having different educational backgrounds. 

(Roy et al., 2018) 

Given that the Target Value Design (TVD) is a part 

of the IPD approach, continuous estimation 

feedback is needed to accomplish the pre-

construction IPD stages, as well as, making proper 

decisions. 

(Allison et al., 2018; 

Zimina, Ballard, & 

Pasquire, 2012) 

Given that LIMB- 2 represents the overhead cost in 

addition to the profit at risk percentage, hereby a 

detailed estimation technique is needed to ensure 

that the contractor does not hide any profit into 

overhead cost. 

(Ashcraft Jr, 2011) 
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Although BIM adoption can improve the traditional 

cost/scheduling processes, however, the existing 

budgeting systems do not consider the differences 

between project delivery approaches. 

(Lu, Won, & Cheng, 

2016) 

Given, the IPD approach stages do not include a 

tender stage to select the optimal bid, therefore, a 

methodology framework to develop a cash flow 

system using BIM tools within documentation and 

buyout stage is needed. 

(Wang, Mei, Kong, 

& Xiao, 2016) 

Sharing risk/reward requires an 

automated/immutable system to record achieved 

profit; cost-saving and reimbursed monetary values 

for each member due to the IPD core team members 

cannot receive their profits and reward until all 

project works will be delivered. 

(Ashcraft, 2012; 

Zhang & Li, 2014b) 
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Cost and schedule are relatively easy to measure. If 

there are early profit distributions, however, there 

must be a method for comparing progress achieved 

to the progress required at that milestone. This will 

invariably involve some level of estimating using a 

modified earned value calculation with claw-back 

and true-up provisions 

(Ashcraft Jr, 2011) 

Given, all participants sharing their profit/risk 

regardless the timeline of executing their works, 

therefore, an automated system is required to ensure 

that all profits and risks will move to the profit/risk 

pools accurately. 

(Allison et al., 2018; 

Roy et al., 2018) 
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IPD, TVD and BIM are regarded as a winning 

combination for improving project delivery success. 

However, very limited research is available to 

validate the positive aspects of these relationships 

by providing workable solutions appealing to 

practitioners.  

(Do, Ballard, & 

Tommelein, 2015; 

Pishdad-Bozorgi, 

Moghaddam, & 

Karasulu, 2013) 

There is not a workable methodology to 

demonstrate the interrelationship among BIM 

tools/dimensions and IPD stages in practical terms.  

(Allison et al., 2018; 

R. Holland et al., 

2010) 

There are significant issues regarding how BIM is 

specified, what the process should be for developing 

BIM communication standards, and how the BIM 

should be managed and administered. 

(Glick & Guggemos, 

2009) 

 

2.14. CONCLUSION  

This chapter explored the interrelationships between BIM, IPD and cost management 

from different aspects. The extant and intensive literature review gave a direction that 

IPD in integration with BIM is the optimal delivery method for AEC projects. After 

exploring the IPD’s characteristics, given that the existing cost structure profile for IPD 
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is not clear enough for lean implementation, thus it needs integration with another costing 

method in order to improve the entire IPD’s cost management system. Accordingly, the 

advantages of ABC are able to manage the IPD’s cost structure. Since the proposed cost 

management system will be designed to support the automation, thus the literature review 

revealed that BIM is the best process to automate the cost management system through 

its main dimensions 4D (Schedule) and 5D (Cost). From the literature review, there are 

relevant researches in terms of 4D/5D BIM, therefore, the literature review highlighted 

the recent contribution of each research as well as its limitations in order to take this in 

the research scope for the improvement purpose. On the other hand, the integration of 4D 

and 5D BIM to draw project budget (S curve) has been explored in this chapter in order 

to define the knowledge gap and related researches, thereby the ABC is the optimal 

method for this integration due to its ability to work with cost and schedule using the 

same hierarchy levels and solve the conventional-issue for incompatibility between CBS 

and WBS.  The integration of BIM and IPD is highly recommended to achieve the project 

objectives, however, a workable methodology is needed to facilitate this integration.  
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CHAPTER THREE: OVERVIEW OF INFORMATION COMMUNCATION 

TECHNOLOGY (ICT) AND BLOCKCHAIN IN CONSTRUCTION 

MANAGEMENT 

3.1.INTRODUCTION  

This chapter presents a theoretical background regarding using ICT applications (i.e. 

web-based information systems, blockchain and smart contracts) in the construction 

industry. It discusses the applicability of ICT through appraising the previous attempts, 

subsequently, deciding what the ICT applications could be integrated into the IPD 

process. The previous applications of the web-based management system are presented. 

Moreover, the blockchain technology—Distributed Ledger Technologies (DLT)—as a 

concept and applications are discussed and linked to the IPD characteristics. Additionally, 

a critical analysis of different platforms (n=5) of the blockchain is carried out to determine 

the suitability to work with the IPD characteristics.  

3.2.OVERVIEW OF INFORMATION AND COMMUNICATION 

TECHNOLOGY (ICT) IN CONSTRUCTION  

Jacobsson and Linderoth (2010) state that the increasing of shared information in 

construction industry lead to the necessity of utilising Information and Communication 

Technology (ICT). There are several reasons beyond calling ICT applications in 

construction industry, namely, lack of integration between design and production 

(construction stage), facilitate the communication among different disciplines (teams) 

whether internal the same organisation or cross different organisations (Söderholm, 2006, 

Dainty et al., 2007, Wikforss and Löfgren, 2007). In addition, ICT has been widely used 

to control project costs throughout last few years, particularly the web system applications 

to display and share the project status among project participants (Cheung et al., 2004, 

Chou et al., 2010, Ozorhon et al., 2014). The diffusion of ICT has faced several issues, 
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mainly resistance to change from construction organisations (Peansupap and Walker, 

2006), however, the companies could avoid this through understanding diffusion 

constraints and articulate a strategy to manage these constraints (Stewart et al., 2004).  

Peansupap and Walker (2006) classify the adoption of ICT in construction to two 

categories, the stand-alone (inter-organisational) adoption for specific software such as  

computer aided design (CAD) (Adriaanse et al., 2010), and intra-organisational—

integration— this level of adoption is highly recommended as it helps companies to 

integrate different software to achieve the data sustainability among and across different 

organisations (Peansupap and Walker, 2006). 

There are several applications of ICT in construction, these applications can be concluded 

as (1) enabling integration between 3D design, visualisation and Virtual reality (VR) 

features (Ding et al., 2014), (2) collaboration and knowledge management through 

offering smart decision for decision making process (Beliakov, 2007), (3) procurement 

and site management through digitalising all information and sharing it tusing 

mobiles/web applications (Wong and Sloan, 2004). Recently, BIM is considered as one 

of the application of ICT in construction industry (Davies and Harty, 2013, Latiffi et al., 

2013), throughout last few years, BIM becomes mandatory in many countries, thus the 

rate of adopting ICT generally has been raised (Eadie et al., 2013). BIM has improved the 

intra-organisational applications of ICT in the entire construction process through using 

the Common Data Environment (CDE) to share data among the same organisation or 

outside in case that the project will be delivered as consortium (Preidel et al., 2017, Khaja 

et al., 2016).  ICT web systems are proven their abilities to work efficiently and 

effectively in cost control tasks in construction industry, as web system enables all project 

participants to see the project status easily regardless of the participant geographical place 

(Cheung et al., 2004, Chou et al., 2010, Ozorhon et al., 2014), for example, Li et al. (2006)  
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developed and tested web systems to manage and display the project performances 

through using EVM method. Web system is used in data management in construction 

throughout last decade, particularly, the application of Map-based Knowledge 

Management (MBKM) for contractors (Lin et al., 2006). ICT in data management 

facilitated the understanding trough digitalising the knowledge as a map, therefore, 

information is presented graphically as symbols and huge data is embedded, the designers 

and users can easily communicate through specific symbols, thus redundant texts will be 

minimised (Wexler, 2001).   

3.3.WEB APPLICATIONS IN DATA SHARING FOR CONSTRUCTION 

INDUSTRY 

Dunn and Varano (1999) predicted earlier that the web-based systems will have 

unprecedented opportunities to enhance the business process, in terms of easy access to 

information, as well as, eliminating communication challenges among business 

environment. Throughout last two decades web system has been positively affected the 

trading process through increasing electronic marketplaces, online supply chain and 

sharing information among enterprises (Linthicum, 2003).  The construction industry has 

catch up the benefits of information technologies, particularly project cost/schedule 

monitoring and the supply chain tasks (Aouad et al., 1999, Mohamed, 2003). Web-based 

information systems have been utilised successfully in supply chain management due to 

its ability to share data through inter and intra organisations levels (Mohamed, 2003). The 

awareness of  inter-organisational applications have been raised, and Adriaanse et al. 

(2010) proposed comprehensive solutions to all challenges at that time and the impact 

becomes obvious as BIM level 2 is considered as one of the applications of inter-

organisational IT (Lindblad and Vass, 2015). The research of utilising web systems in 

monitoring cost/schedule projects have received significant attentions (Cheung et al., 
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2004, Chou et al., 2010), particularly, utilising EVM method to display the schedule and 

cost simultaneously to enable stakeholders understand and track their tasks easily (Li et 

al., 2006).        

3.4. BLOCKCHAIN/DISTRIBUTED LEDGER TECHNOLOGY (DLT)  

Tapscott and Tapscott (2016) define blockchain as a distributed ledger that records all 

shared data among different members in a network. Each transaction represents a block 

in the network and subsequently new blocks are linked to the previous, in order to create 

a chain (Li et al., 2018b). The interrelationships among all blocks maximise the 

opportunity of security (Liang et al., 2017). That is, each block carries data and hash for 

previous blocks to reduce the chance of hacking (Nofer et al., 2017). Li et al. (2018b) 

mentioned that there are two categories of blockchain networks (BCN), namely, public 

BCN that can be accessed publicly under the generic consensus mechanism. It however 

remains secure due to its cryptography power mechanisms like Bitcoins (Andoni et al., 

2019); private BCN that is characterised by having pre-identified users, for which the 

mechanism to get their consensus should be also identified clearly (Li et al., 2018c). The 

private BCN represents a single BCN platform for specific organisation, and the data are 

centralised in this organisation, however, it is decentralised between network users 

(Andoni et al., 2019) .  

Kumar and Mallick (2018) define BCN as a tamper-proof technology that makes it fit to 

multifunction, a promising technology for avoiding a wide range of bad practices across 

various industries. Similarly, BCN provide high level security, as the block recorder can 

check all the recorded data, in terms of the sequence and the interrelationship of data in 

the network (Banafa, 2017). This prevents the likelihood of tempering data in BCN 

(Kumar and Mallick, 2018). As such, BCN are efficient in supporting computing 

solutions (Turk and Klinc, 2017, (ICE), 2018, Lamb, 2018). Implementing blockchain 
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cost is justified, compared against – the cost of – using third parties to implement financial 

tasks (Alternative, 2018).  

Blockchain networks (BCN) include nodes that are divided into two categories: the 

network member nodes and the orderer peer nodes that direct the information inside the 

BCN. Smart contracts include a set of functions for sending any new data to BCN. These 

can be invoked anytime to send data within BCN, as described next. 

3.4.1. Smart Contracts 

The development of smart contracts dates backs to 1994, defined as an automated system 

to perform contract terms such as payment transactions through an automated/agreed 

protocol (Tapscott and Tapscott, 2016, Christidis and Devetsikiotis, 2016). Accordingly, 

the traditional trusted third party is not needed, due to contract terms being executed based 

on pre-identified consensus mechanisms (Mason, 2017). Meanwhile, Peters and Panayi 

(2016) proposed a comprehensive definition for a smart contract: a platform for enforcing 

and monitoring the data entered by trusted sources, to be stored in BCN, based on pre-

identified contract terms. These pre-identified terms should be coded/written using a 

program language like Go (see Donovan and Kernighan (2015) for details). This is one 

of blockchain features and a result of evolving BCN – ability to transfer 

cryptocurrency/data over blockchain – throughout the last decade (Christidis and 

Devetsikiotis, 2016). Andoni et al. (2019) states that smart contracts use peer-to-peer 

(PTP) networks that enable multi-trusted parties to manage data simultaneously, so that 

each chain in BCN carries its own data and subsequently all data will be stored in the 

ledger, according to the agreed consensus mechanism (Watanabe et al., 2016). 

Additionally, smart contracts reduce dependency on lawyers/ thirds persons in executing 

and monitoring contract terms like financial transaction, and therefore, the accuracy and 

transparency of data can be enhanced (Mason and Escott, 2018). In fact, as Christidis and 
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Devetsikiotis (2016) point out, smart contracts benefit users by giving an automatic audit 

for the transferred data. And once the data have shown validity, the data can be 

immutable, to enhance transparency and security. The smart contract is named as 

chaincode in the hyperledger fabric; the chaincode ensures that all transactions are linked 

and sequenced properly.  

3.4.2. The Blockchain Platforms and Consensus Mechanisms  

There are several platforms to develop a blockchain networks that the smart contracts can 

be developed and submitted through these networks (Brandenburger et al., 2018) such as 

Ethereum, Hyperledger, R3 Corda, Ripple and Quorum (Fersht, 2018). There are different 

features and capabilities for each platform and according to the requirements and 

characteristics of the smart contract, the platform can be chosen (Turk and Klinc, 2017).   

Consensus mechanism is defined as a set of protocols that ensure the all network’s nodes 

are dealing with the network according to agreed conditions, as well as, defining the path 

of endorsing the transaction (Andoni et al., 2019, Cachin and Vukolić, 2017, Kasireddy, 

2017). Lai and Chuen (2018) state that there are several proposed consensus approaches, 

namely, Proof-of-Work (PoW), Proof-of-Stake (PoS), Delegate Proof-of-Stake (DPoS), 

Practical Byzantine Fault-Tolerant (PBFT), Paxos and Raft. Due to the permissionless 

(Public) blockchain does not have pre-identified participants, therefore PoW and PoS are 

most appropriate for this kind of blockchain, due to their abilities to support for safety, 

fault tolerance and scalability of the public network (Lin and Liao, 2017). However, since 

permissioned blockchain has a whitelisted participants, other consensus approaches are 

suitable such as PBFT and Raft (Cachin, 2016). Klaokliang et al. (2018) state that Solo 

and Kafka are main two used consensus mechanism for permissioned blockchain, Solo is 

centralised approach that relies on a single node to perform all decision to export all 

blocks to beers, which, limit its deployment due to it affects the availability of network, 
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as well as, scalability. Whereas, Kafka relies on export the block to blockchain, as well 

as, making a copy of information to specific network member through a cluster, which, 

prevent a single failure to the blockchain as Solo mechanism (Klaokliang et al., 2018, 

Tosh et al., 2017). Additionally, Byzantine Fault Tolerant (BFT) can be used in 

hyperledger due to its ability to remain valid as long as the number of malicious under 

the pre-estimated according to Byzantine equation, however Kafka remains more valid 

since it can be customised according to the each hyperledger case (Sousa et al., 2018). 

The permissionless blockchain allows anonymous users to act in the blockchain and add 

new transaction based on generic consensus mechanism such as Proof of Work (PoW) 

(Cachin, 2016). The characteristics of permissioned blockchain are, participants are 

known, vetted and includes a governance approach that regulates the relationships among 

participants, which maximise the trust (Vukolić, 2017). Since all entities are well-defined 

in the chain, the permissioned blockchain can use very cheap consensus models such as 

crash fault tolerant (CFT) or byzantine fault tolerant (BFT), due to the malicious 

opportunities are diminished (Baliga, 2017, Cachin, 2016). 

3.4.3. Hyperledger-Fabric and Chaincode  

According to Androulaki et al. (2018), the smart contract in hyperledger is called 

chaincode, which can be written in different programming language such as GO and Java 

script (Cachin, 2016). The program could be articulated separately and using API to 

interact with the blockchain (Androulaki et al., 2017). The user interacts with multiple 

nodes simultaneously through a channel, this is in order to create a business layer software 

development (Vukolić, 2016). In any organisation, the channel could be used to share 

specific information to specific node, which keep the information private (Cachin, 2016). 

Transactions management is the philosophy of splitting transactions logs and the ordering 

process, thus this allows to perform parallel transaction concurrently, accordingly, the 
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ordering will be solely implemented for endorsed transactions (Androulaki et al., 2018, 

Brandenburger et al., 2018).  

Dhillon et al. (2017), Hyperledger (2018) state that blockchain network comprises of 

several peer nodes, which each peer node includes different smart contracts and ledgers. 

The application is used to propose the transaction to perform a smart contract, 

accordingly, the proposed smart contract after the validation will be recorded in specific 

ledger (Androulaki et al., 2018, Vukolić, 2016).  In order to link among mutual smart 

contracts for different peer nodes, a channel is used to send the proposal transaction as 

well as reflecting the response to the application (Benhamouda et al., 2018). The order of 

transaction is pivotal task to package multiple transactions in a single block, subsequently, 

record the block to its peer node (Dhillon et al., 2017, Hyperledger, 2018).  

Xu et al. (2017) defines Consensus mechanism as a set of roles (algorithms) to ensure the 

correctness of performing set of transaction through a blockchain network, these specific 

algorithms are unified within a single function, and the consensus mechanism is 

responsible to order the transaction, check its validity via different endorsers, and allocate 

validated transaction to their ledger (Androulaki et al., 2018, Hyperledger, 2018). There 

are two main properties, namely, safety, and liveness (Cachin and Vukolić, 2017, 

Hyperledger, 2018). Whereas, existing smart contracts use order-execute architecture that 

requires all nodes to validate and execute every transaction, along with the consensus 

should be completely deterministic (Androulaki et al., 2018).   

In this essence, hyperledger works based on modular environment, which includes 

pluggable consensus mechanism, management process, ordering approach, chaincode, 

and membership service (Androulaki et al., 2018, Androulaki et al., 2017, Benhamouda 

et al., 2018, Brandenburger et al., 2018, Cachin, 2016). Accordingly, each organisation 

could adapt the hyperledger in accordance with its hierarchy of data sharing, and the 
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hyperledger can be configured by multiple users to provide flexible platform for different 

industry purposes (Hyperledger, 2018). 

Klaokliang et al. (2018) mentions the structure of hyperledger as follows: 

• Ledger: a set of blocks that records multiple transactions. 

• Peer: a pool that contains ledgers and smart contracts.  

• Chaincode: it is the smart contract to perform transaction according to the 

hyperledger concept.  

• Channel: it is the path that the transaction and blocks take it to be allocated among 

different peers.  

• Endorsement policy: a set of instructions that provide specific metrics to the peer 

to decide whether the received transaction valid or invalid (Hyperledger, 2018). 

• Ordering service: a node (Ordering Service Node (OSN)) that are exploited to 

order the transactions and blocks based on agreed consensus mechanism such as 

Kafka, this node should include specific information regarding the size of blocks, 

maximum time, and number of allowed transaction for each block before 

assigning it to the peer through the channel (Androulaki et al., 2018, Hyperledger, 

2018).  

3.5.BLOCKCHAIN/SMART CONTRACTS IN CONSTRUCTION 

Blockchain has not been widely adopted across the construction industry, however, there 

are several attempts towards using it by developing business models (Tozzi, 2018). As an 

example, Bimchain is a proof of concept to integrate BIM into blockchain in the form of 

a plug-in for BIM platforms (Bimchain, 2018, Lamb, 2018). Fox (2019) states that there 

are several cases of adopting smart contracts in the construction industry: delivering the 

agreed contracts automatically with enabling parties to update any variations; enhancing 

copyright for project documentation; automated payments among project parties; it can 
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also work as acclaim submission platform (Lamb, 2018, Tozzi, 2018). As such, smart 

contracts will be valuable, in terms of the automation of some construction processes that 

traditionally rely on multi-interactions and contribution from project participants in 

making decisions (Mason, 2017, Mason and Escott, 2018).  

Cardeira (2015) states that late payments and insolvencies in the construction industry 

lead to several claims, for which adopting smart contracts can significantly reduce the 

negative consequences (Fox, 2019). Therefore, (ICE) (2018), Lamb (2018) contend that 

a smart contract is a simple and quick executable solution, which makes it promising for 

business developments. In fact, complex transactions are relatively expensive, therefore, 

adopting smart contracts will reduce such accumulative costs (Seetharaman, 2018).  

Uncertainties in construction payments are a challenge in developing reliable cash flow 

that subsequently lead to claims that affect the business growth (Carmichael and Balatbat, 

2010). With the construction trust account being recommended (Cardeira, 2015), smart 

contracts can work as trust accounts that hold the money to be transferred automatically 

to the party who deserves it (Cardeira, 2015). Project participants will trust smart 

contracts outputs, given that all the embedded data are immutable and decentralised 

(Lamb, 2018, Mason and Escott, 2018). 

Koutsogiannis and Berntsen (2019) argue that digital construction is an integrated 

process. With the growth of digitalisation across the AEC industry, smart contracts can 

be implemented for a wide range of activities. The utilisation of smart contracts with 

cryptocurrencies can provide a contract draft, where specific funds can be kept to avoid 

the common insolvencies issues or late payments (Cardeira, 2015). In addition, the cross 

verifications by several references lead to acquiring an efficient, robust, secure and 

reliable system, to build a trust environment among project parties (Mason, 2017, Mason 

and Escott, 2018). 
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Despite Blockchain does not creep into the construction industry like some other 

technologies, there are several attempts to adopt it by emerging business models, as an 

instance, Bimchain is a proof of concept to integrate BIM into Blockchain as a plug-in 

into the BIM platforms (Bimchain, 2018, Lamb, 2018). There are several benefits of 

adopting smart contracts in the construction industry, such as; delivering the agreed 

contracts automatically with enabling parties to update any variations, enhancing the 

copyright for the project documentations, automated payments amongst project parties, 

and potentially it can works as a claim submission platform (Lamb, 2018, Tozzi, 2018). 

As such, smart contracts will be valuable, in terms of automation of some construction 

processes that traditionally relies on multi-interactions and contribution from project 

participants to make a decision (Mason, 2017, Mason and Escott, 2018).  

Uncertainties in construction payments are a challenge in developing reliable cash flow 

and subsequently leads to several claims that affect the business growing (Carmichael 

and Balatbat, 2010). Since the construction trust account is recommended (Cardeira, 

2015), Smart contracts can work as a trust account that hold the money and transferred 

automatically to the party who warranted it (Cardeira, 2015). That is because, the project 

participants will trust the smart contracts outputs, as all embedded data is immutable and 

decentralised (Christidis and Devetsikiotis, 2016, Lamb, 2018, Mason and Escott, 2018, 

Watanabe et al., 2016). 

Koutsogiannis and Berntsen (2019) argue that digital construction is an integrated 

process, thus when a building’s real-time digital will be implemented, the smart contracts 

will be more effective and applicable. Exploiting smart contracts with cryptocurrencies 

supports articulating a contract draft that specific funds can be embedded to avoid the 

common insolvency issues or late payment in the construction industry (Cardeira, 2015). 

In addition, the cross verifications by several references lead to acquiring an efficient, 
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robust, secure and reliable system, which build a trust environment amid project parties 

(Mason, 2017, Mason and Escott, 2018). 

3.5.1. Previous Works 

Through using Scopus, Web of Since (WoS) and google scholar research repository, 

researcher has used relevant keywords in order to find the relevant papers in 

implementing blockchain and smart contracts in construction industry/built environment.  

The used keywords were, namely; “blockchain in construction”. “Blockchain and smart 

contracts in built environment”. The below table 2 shows the contribution of the selected 

relevant papers to raise the awareness of implementing blockchain and smart contracts in 

construction industry, whether thorough addressing it directly or indirectly in different 

disciplines (see table 2). 

Table 2. The related works of blockchain 

Discipline Contributions Authors 

Construction 

management 

and built 

environment  

• Highlighting the potential of blockchain in 

construction management; 

• Providing a map to direct potential users to select 

the suitable type of blockchain based on the nature 

of the data, as well as, the hierarchy of the 

organisation. 

• Illustrating the blockchain interoperability with 

other systems (data storage) 

Turk and 

Klinc (2017) 

• Highlighting challenges that face implementing 

smart contracts in construction industry. 

• Articulate specific steps that should be considered 

by industry participants in order to implement 

smart contracts in the future. 

Mason and 

Escott (2018) 

• Providing an emergent framework that considers 

multi-dimensions, namely social, political and 

technical. This is in order to enable potential 

developers/users of blockchain in construction to 

highlight the potentials and challenges. 

Li et al. 

(2019b) and 

Li et al. 

(2018a) 

• Asserting the importance of intelligent contract 

(smart) for construction industry through saving 

the cost of employing third party. And, minimising 

needed time to perform new transactions. 

Mason (2017) 



92 
 

• Highlighting the importance of integrating smart 

contracts into BIM in order to automate the entire 

construction process. 

• Presenting an outlook for implementing 

blockchain to revolutionize the persist issues in 

managing the supply chain, contract management 

and resource management, particularly lasing 

equipment. 

• Providing a taxonomy of blockchain 

implementation challenges in AEC industry, 

namely technical, construction business (the 

conflict between blockchain system and others 

implemented resource management system such 

as ERP, particularly in case of using permissioned 

blockchain), and human challenges. 

Wang et al. 

(2017) 

• Developing a framework to utilise the blockchain 

and smart contract to deal with the challenges of 

the supply chain management for the precast 

construction. The solution includes “(1) 

information sharing management, (2) real-time 

control of scheduling, and (3) information 

traceability”. 

(Wang et al., 

2020) 

• Linking the current challenges that face 

construction industry to the potential benefits of 

blockchain to provide reliable solutions.  

• Researchers articulated a framework—Presenting 

the socio-technical dimensions— this could 

facilitate implementing blockchain in seven areas 

of the built environment as categorised by 

researchers. 

• Identifying making decision criteria in terms of 

adopting blockchain will be a useful or redundant 

technology feature to the organisation structure.   

Li et al. 

(2019a) 

 • Authors recommended the utilisation of the 

blockchain technology with the Common Data 

Environment (CDE) in order to enable tracking the 

recorded data with displaying recorders as the data 

will be stored as a set of nodes. 

Parn and 

Edwards 

(2019) 

 • Integrating BIM and blockchain to governing 

construction project contract through utilising the 

hyperledger fabric as a blockchain tool. Authors 

also noted that “the notion of having to translate 

all the traditional contract clauses to the computer 

program is shown to be unnecessary and to some 

extent not suitable for construction, due to the 

complexity, fluidity, and high uncertainties 

involved in each project”. 

(Shojaei et 

al., 2019) 

 • Providing a strategic plan to integrate blockchain 

into the construction process in order to solve the 

existing challenges in the construction 

(Safa et al., 

2019) 
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management field. This research is a foundation 

for further and real applications of the blockchain 

in construction management. 

Blockchain 

and Internet 

of Things 

• Providing a model to show the possibility of 

integrating Blockchain into IoT, and highlighting 

the potentials of this integration. 

• Further to the mentioned model, authors present a 

detailed list of blockchain usages in different 

sectors. Moreover, authors underpin the new 

concepts of chain of things, and blockchain of 

things as extant attempts to achieve desired 

integration. 

Reyna et al. 

(2018) 

• Authors articulated a decentralised blockchain 

based supply chain management model to 

overcome the current challenges of supply chain. 

• The proposed Supply chain via blockchain MAS 

uses the smart contracts into blockchain in order to 

automate the contractual agreement among 

different parties who are a part of the MAS model. 

Casado-Vara 

et al. (2018) 

• Pointing out the benefits of blockchain and IoT to 

support shared economy such as Uber. 

• Presenting examples of shared economy 

applications such as AutoPay, which is used to pay 

car parking fee and recording the data using smart 

contract feature. 

Huckle et al. 

(2016) 

Data 

movement in 

Energy sector 

• Highlighting the potential benefits of using 

blockchain in energy sector such as price 

discovery, logistics, identify customers, reconcile 

any problem and reporting it. 

• Presenting a MicroGrid based blockchain to 

manage and control energy demands among the 

produces, prosumer and end-consumer. 

 

Andoni et al. 

(2019) 

Generic 

application of 

blockchain 

and smart 

contracts 

• Providing a study map to point out the needed 

future research to implement blockchain and smart 

contracts. 

• Authors concluded (n=16) issues in implementing 

smart contracts. Therefore, the findings of this 

paper could be used by researcher and developers 

to try finding remedies for mentioned problems, 

and the users to be aware regarding the potentials 

and challenges. 

Macrinici et 

al. (2018) 

 

3.6.BIM, IPD AND SMART CONTRACTS INTEGRATION 

Turk and Klinc (2017) state that blockchain platforms (i.e. Ethereum, hyperledger) can 

be integrated into BIM to add new features. These features can record all the changes in 
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3D BIM models throughout the design and construction stages, subsequently enabling 

stakeholders to track these changes easily (Lohry, 2015). Mason and Escott (2018) assert 

that BIM in integration with smart contracts will be attainable by 2020, due to the 

foreseeable increase in the number of sensors in devices, up to almost 25 billion. The 

promise of BIM level 2 is minimising paper-based communications and exchange (Gibbs 

et al., 2015), therefore, a platform that shares information among project parties with high 

levels of transparency and tracks all possible changes is much needed (Mosey, 2014). 

Cousins (2018a) argues that BIM processes require a 3D contractual model that includes 

all the needed data for validation and authorisation of all possible tasks. Bimchain is a 

plug-in for BIM platforms to minimise the existing gap between 3D BIM models and 

paper-based legal documentations (Bimchain, 2018), Bimchain is in fact an attempt to 

manage BIM using smart contracts that enable automated payments, insurance and 

project information tracking (Bimchain, 2018, Lamb, 2018). As such, smart contracts can 

be coded for integration into BIM process/platforms, to enable executing traditional 

provisions in an automated way. This will facilitate all stakeholders’ access to all the data 

available in a secure way, to manage project funds and release the owed payments based 

on a set of agreed upon rules (Cardeira, 2015, Fox, 2019). Additionally, blockchain can 

provide a secure and collaborative environment for BIM process (Li et al., 2019a, Ahmad 

et al., 2019), where all project parties can get the same benefits in access to all the 

information. Stakeholders will also have the chance to control project changes, due to the 

main principle of blockchain regarding neutrality (Li et al., 2019a).   

Mathews et al. (2017) contends that IPD requires a high level of trust and a collaboration 

network among core team members; all IPD members are supposed to be all for one and 

one for all (Ashcraft, 2012). Blockchain by its capabilities in terms of transparency 

immutability and automated data validation will be able to create a new proposition (Li 
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et al., 2019a, Vukolić, 2016, Watanabe et al., 2016). Therefore, all sorts of reward can be 

extracted be it tangible or intangible (Pishdad-Bozorgi et al., 2013). Moreover, 

blockchain allows several participants to work collaboratively in a single project. And 

blockchain supports a data-driven digital environment for better project delivery 

(Koutsogiannis and Berntsen, 2019, Li et al., 2019a). Bimchain (2018), Cousins (2018a) 

asserts that the combination of BIM and blockchain can provide incorruptible, reliable 

and transparent system to record, update and maintain the project database. In addition, 

blockchain and smart contracts can enhance collaboration in the construction industry, 

along with keeping all participants informed of the project status and all the changes: 3D 

BIM design, construction site procedures and the flow of supply materials (Mathews et 

al., 2017). 

3.6.1. Decision Criteria for Selecting a Suitable Blockchain Platform for 

IPD 

A major hallmark of IPD is its compensation system for allocating gain and pain ratios 

among project participants (Fischer et al., 2017). This necessitates a cooperative 

contracting relationship that ties the individual success of participants to success in 

achieving the project objectives (AIA, 2007). All participants must agree on a suitable 

compensation scheme (Pishdad-Bozorgi and Srivastava, 2018), with this scheme 

determining the proportions of cost overrun, cost underrun and any other fees within the 

total budget and under the agreed cost (Pishdad-Bozorgi and Srivastava, 2018, Fischer 

et al., 2017). The cost scheme must comprise direct, indirect and overhead costs and 

capture the risk/reward proportions based on the degree of achievement during project 

delivery (Pishdad-Bozorgi and Srivastava, 2018, Zhang and Li, 2014). In IPD, three 

components or limbs can be defined: Limb 1 represents the reimbursement of project 

costs and captures all project implementation costs (guaranteed); Limb 2 refers to the 
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overhead costs for all participants, in addition to the profit (at-risk); and Limb 3 is the 

pain or gain ratios (the contractual agreement) (Zhang and Li, 2014). 

Table 1 shows the IPD characteristics in terms of financial processes, illustrating the 

five common permissioned blockchain platforms. The suitable platform is the one with 

characteristics matching the corresponding IPD characteristics. The five platforms can 

be summarised as follows:  

• Hyperledger fabric, as discussed. 

• Ethereum, an open and programmable blockchain platform: (1) enables anyone 

to sign up and create an Ethereum account; (2) enables decentralised 

applications to be built, as well as smart contracts to be deployed; and (3) uses a 

cryptocurrency called Ether and has a consensus mechanism that is not 

fabricated (Bahga and Madisetti, 2016). 

• R3 Corda is designed as a specialised distributed ledger platform for the 

financial industry: it is classified as a permissioned blockchain platform, with a 

token able to be sent using a smart contract (Sandner, 2017). 

• Ripple is an open payment system: as well as a digital currency called ‘XRP’, it 

has a consensus mechanism called Ripple Consensus Algorithm (RPCA) that is 

not fabricated. It has its open source project for smart contracts (Armknecht et 

al., 2015). 

• Quorum is designed to provide security and maintain a desired level of privacy 

for financial and banking services. Interested readers are referred to Baliga et al. 

(2018) for details. 

The consensus mechanism should be modular and flexible to enable IPD parties to 

develop a suitable mechanism, according to the team and project environment; 
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therefore, Ethereum, Ripple and Quorum cannot be used to develop an IPD financial 

system.  

The consensus mechanism, privacy, sending transactions as fiat currency or by tokens 

and the functionality of smart contracts are the main distinctions among the five listed 

platforms. Of these platforms, the Ethereum platform is a private blockchain; hence, any 

interested entity can join based on agreed algorithms (Prerna, 2018, Valenta and 

Sandner, 2017). It is, however, not designed for business networks. Regarding the 

consensus mechanism, Ripple and Quorum use probabilistic and major voting 

techniques, respectively (Fersht, 2018). Accordingly, these two platforms are not 

sufficiently flexible to enable the design of a consensus mechanism based on agreement 

among an IPD’s core team members. The R3 Corda permissioned blockchain platform 

enables a network’s participants to modularise the consensus mechanism, with 

transactions able to be sent and recorded as fiat currencies (Sandner, 2017, Valenta and 

Sandner, 2017).  

The hyperledger fabric has a consensus mechanism that is modular and can be 

fabricated according to terms agreed among network (project) participants (Androulaki 

et al., 2018). Regarding the applicability of permissioned blockchain platforms, several 

commercial packages are available, for example, the IBM® Blockchain Cloud, the 

Oracle Blockchain platform and the SAP Cloud, among others (Van Mölken, 2018), 

with these able to work in cooperation with the hyperledger platform to facilitate its 

implementation. It can therefore be inferred that the hyperledger platform is the most 

appropriate for IPD projects, as shown in Table 3. 

Table 3.The permissioned blockchain platforms and the IPD financial characteristics
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No IPD characteristics References 

Blockchain platforms 

References for 

blockchain platforms 
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1 IPD core team members are pre-

identified entities; all members should 

acquire the same information at the 

same time as it is released.  

(AIA, 2007, Allison et 

al., 2018, Rowlinson, 

2017, Zhang and Li, 

2014) 

✓    ✓  ✓  ✓  
(Prerna, 2018, Fersht, 

2018) 

2 Risks/reward are shared among parties; 

this requires all parties to be able to 

track project progress (cost and 

schedule) and having access to all data, 

regardless of their location. 

(Ballard et al., 2015b, 

Pishdad-Bozorgi and 

Srivastava, 2018, Zhang 

and Chen, 2010, Zhang 

and Li, 2014) 

✓    ✓  ✓  ✓  
(Fersht, 2018, Team, 

2019) 

3 A new party can join at any time after 

the core team members are formulated. 
(Ashcraft, 2012) 

✓    ✓  ✓  ✓  

(Androulaki et al., 2018, 

Androulaki et al., 2017, 

Fersht, 2018, Hirai, 

2017) 

4 Three financial transactions should be 

invoked in each payment milestone 

(reimbursed cost, profit and cost 

saving).  

(Ballard et al., 2015b, 

Roy et al., 2018, 

Thomsen et al., 2009) 
✓  ✓  ✓    ✓  

(cointelegraph, 2019, 

Cachin, 2016, Dhillon et 

al., 2017, Fersht, 2018) 
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5 The consensus mechanism should be 

flexible, so it can be changed based on 

agreed conditions.  
(Ahmad et al., 2019) 

✓    ✓      

(Baliga, 2017, Cachin, 

2016, Cachin and 

Vukolić, 2017, Wang et 

al., 2018) 

6 As IPD core team members come from 

different backgrounds, the financial 

system should be friendly for various 

users, understandable and flexible: a 

platform that uses commercial packages 

is preferred. 

(Allison et al., 2018, 

Mathews et al., 2017) ✓          

(Vukolić, 2016, Van 

Mölken, 2018, Ranade et 

al., Woodside and Amiri, 

2018) 

7 Financial transactions should be 

invoked and recorded in specific tokens 

(fiat currencies such as dollars). 

(Allison et al., 2018, 

Roy et al., 2018) ✓    ✓    ✓  

(Kiviat, 2015, Fersht, 

2018, Dhillon et al., 

2017, Hyperledger, 

2018, Prerna, 2018) 
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3.7.BARRIERS TO IMPLEMENT BLOCKCHAIN/SMART CONTRACTS 

FOR CONSTRUCTION PROJECT DELIVERY 

Given that the construction industry relies on fiat currencies on its payment, therefore 

blockchain needs to be changed to transfer fiat currencies, instead of cryptocurrencies as 

exist (Cousins, 2018a). In addition, the bank is currently using private ledger, therefore, 

the linking between smart contract and bank accounts is not attainable (Pisa and Juden, 

2017). However, if any commercial/ central bank accepted to be a part of the distributed 

ledger, therefore the payment can be sent/received in a fiat currency (Brody). The coding 

of unstraightforward legal concepts are considered as a practical challenge in using smart 

contracts such as ‘good faith’, ‘negligence’ and ‘reasonableness’ (Sherborne, 2017). 

Additionally, Raskin (2017) contends that smart contracts cannot fully include all legal 

terms, for instance, the legal contracts should include the elements of offer, acceptance 

and clear expression to show the intention of parties to enter into a legal agreement. 

However, the user can articulate a draft contract and subsequently code all possible terms, 

thus, the draft contract can work as a recovery for any issues that have not been coded 

(Clack, 2018). 

Intellectual copyrights are sensitive and important for construction companies, however, 

the shared data in hyperledger is decentralised and the copyright issues should be 

considered (Cousins, 2018a). As such. Arnaud Gueguen, founder and CEO of Bimchain 

argues that “We believe a country like the UK, which is more contractual than France, or 

Scandinavian countries, could deploy our solution more fully” (Cousins, 2018b). Allison 

et al. (2018b) states that application of blockchain requires new regulations, law and 

governance system in order to overcome all possible challenges. In addition to, The 

currently set up cost of blockchain is very high , however, the potential benefits of 
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implementing blockchain can cover the needed resources in a short term (Andoni et al., 

2019). 

There are several technological issues face blockchain implementation in construction 

industry such as sufficient bandwidth and capacity that are required to ensure that all data 

will be transferred without any lack in the time (Kasireddy, 2017). Additionally, the entire 

technological state of AEC industry is not entirely digitised to adopt blockchain and smart 

contracts technologies (Li et al., 2018a). Andoni et al. (2019) asserts that blockchain must 

prove its scalability, viability, and its speed to different cases, as well as, the consensus 

algorithms research is still ongoing to combine all desired characteristic in an integrated 

consensus protocol (Wang et al., 2018).   

ICAEW (2018) states different challenges, the fees per transaction is from £5 to £8, the 

period between sequential transaction is around five minutes, and the capacity of 

transaction is low compared to the traditional banking visa. Although the high reputation 

of blockchain in terms of security (Kollewe, 2018) , however there were several 

successful attempt to hake it during last few years and the most recently amount around 

£27 million (Lamb, 2018). As such, each organisation should determine the potential 

minor and major breaches in case using cybersecurity.  Indeed,  Pradhan et al. (2017) state 

that "Full blockchain development could take five to seven years or longer, or may not 

occur at all”. Early adopters who commit to testing blockchain across the supply chain 

must be prepared to accept significant levels of risk — and be prepared to fail fast and try 

again”. 
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3.8.JUSTIFICATION OF USING BLOCKCHAIN IN THE CONSTRUCTION 

PROJECT DELIVERY   

The review of the literature indicates that research on blockchain has received much 

attention in recent years (Turk and Klinc, 2017, Ahmad et al., 2019). Some researchers 

have demonstrated the importance of implementing specific features of blockchain like 

smart contracts in automating payments in the construction industry (Mason, 2017, 

Mason and Escott, 2018). And there is evidence in the literature to acknowledge the wide 

applicability of blockchain and smart contracts. As an example, Mathews et al. (2017) 

proposed that the integration of BIM and blockchain can maximise trust among project 

participants in the AEC industry, and Li et al. (2019a) proposed that blockchain can be 

useful in enhancing supply chain management. However, to date, available research 

studies on the topic have not gone beyond proposing conceptual proposals and 

recommendations. As such, research on the topic has been limited to the theoretical 

conceptualisation of possible applications of blockchain in the AEC industry.  

The above gap can be a major issue across the AEC industry. That is, with the growth in 

adopting BIM level 2 and moving towards the full integration of all dimensions in the 

form of BIM level 3 (Succar and Kassem, 2015), there is increasing need for using IPD 

(Pishdad-Bozorgi et al., 2013, Rowlinson, 2017, Zhiliang and Jiankun, 2011). However, 

there is need for much more research on integrating BIM and IPD (Wickersham, 2009). 

Moreover, some aspects of implementing IPD, particularly, that of financial management 

act as major barriers: sharing risk/reward requires an automated/immutable system to 

record achieved profit; cost saving and reimbursed monetary values for each member due 

to the IPD core team members cannot receive their profits and reward until all project 

works will be delivered (Pishdad-Bozorgi and Srivastava, 2018, Ballard et al., 2015a, Roy 

et al., 2018).   
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Through comparing the requirements of an efficient IPD financial system and the current 

blockchain capabilities, specifically the hyperledger fabric, the utilisation of hyperledger 

fabric to build an IPD financial system is conceptually proven. This builds upon the 

proven capabilities in previous studies and provides a response to widespread 

recommendations for exploiting blockchain in its integration with BIM. The outcome will 

enhance the financial process in the AEC industry, particularly, for IPD projects 

(Bimchain, 2018, Mathews et al., 2017, Lamb, 2018). 

3.9.CONCLUSION  

This chapter explored the different ways to integrate ICT technologies into IPD such web-

based management system, and blockchain to enable sharing data among IPD core team 

members. Regarding web system, it can be used to display the risk/reward values 

periodically in order to minimise the regular meetings for whom do not have any 

implemented activities. The blockchain, particularly hyperledger fabric to automate the 

payment process between owner and non-owner parties. Although, to date, the blockchain 

does not support the fiat currencies, however this is suitable for the IPD concepts as the 

risk/reward should not be paid until all projects works are executed. A critical analysis 

for selecting the best platform to conduct payments within IPD was carried out, the 

hyperledger fabric was chosen due to its abilities to fabricate the network’s consensus 

mechanism, and it is mainly designed to work as business network. On the other hand, 

there are many commercial platforms such as IBM and Oracle in collaboration with 

hyperledger (Linux) to make its implementation more attainable, workable and 

applicable. Furthermore, successful integrations of BIM into Blockchain were discussed, 

as well as, challenges that face maximising the value of these integrations were also 

highlighted in this chapter.  
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The extant literature review proves that the blockchain is promising technology to achieve 

the intra-organisational ICT, and IPD is mainly required an intra-organisational 

collaboration platform, thus the implementation of blockchain and web based 

management system can work efficiently within the IPD organisation. Moreover, the 

challenges that face the utilisation of blockchain in construction industry are discussed to 

be managed when the solution will be developed.  
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CHAPTER FOUR: RESEARCH DESIGN AND METHODOLOGY 

4.1.INTRODUCTION  

An overview of the research designs, methodological approaches, and different research 

methods and techniques with respect to the different paradigms are elaborated upon and 

the corresponding issues of validity and reliability are discussed. Following that, the 

selected paradigm of this research and its corresponding ontology, epistemology, and 

axiology are explained. The employed stages in this research (i.e. framework 

development, framework validation, prototype development, and prototype validation) 

are stated. Finally, there is discussion of the methods and techniques used for the data 

collection and the corresponding issues regarding validity and reliability of the data. 

4.2.RESEARCH PHILOSOPHY 

Guba and Lincoln (1994) state that the research paradigm is a set of beliefs which direct 

the research, the research paradigm comprises of four elements, namely, epistemology, 

ontology, methodology and axiology (Scotland, 2012). Kivunja and Kuyini (2017) assert 

that the understanding of the mentioned four elements is essential to ensure acquiring 

proper research design. Moreover, it is also important for the researcher to ensure that the 

selected methodology is consistent with the concept of the research (Crotty, 1998). The 

understanding of the reality is called ontology, however, the epistemology refers to the 

way of getting the knowledge relative to the specific phenomenon (Kivunja and Kuyini, 

2017). Meanwhile, Stenbacka (2001) defines the methodology as a question about how 

the valid knowledge can be acquired or in other words, it is the study of appropriate 

methods in order to achieve the aim of the research, as well as, validating the achieved 

objectives  (Stenbacka, 2001). The axiology refers to the philosophical evaluation of 

research values and how the researcher reflects the research values in corresponding to 

the articulated objectives (Saunders et al., 2009). Therefore, Ponterotto (2005) states that 
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research philosophes should be identified and analysed as these philosophies shape the 

research context and affects the reliability of achieved objectives.  

According to Saunders et al. (2007), the research process is a set of layers similar to the 

“onion” as shown in figure 11. The process of the research methodology goes 

systematically from outer—begins by the research philosophy— to the core till reach the 

research data collection methods. In this chapter, all layers will be discussed and 

according to the research’s aim and objectives, thus the adopted philosophy or method 

will be selected.  

 

 

4.2.1. Ontology 

Scotland (2012) defines the ontology as the structure and nature of reality or conception 

of what exists, in other words, the possibility to know about the world (Snape and 

Spencer, 2003). Moreover, Richards (2003) argues that ontology is a set of assumptions 

that are created to enable a researcher/investigator to understand the nature of reality. 

Figure 11. The research onion (adapted from (Saunders et al., 2007)) 
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Bryman (2008) defines the concept of ‘social ontology’ as a philosophical consideration 

in research which pertains to the nature of social entities, e.g., either these social entities 

are objective entities that exist independently from social actors or these entities are 

constructed in themselves built up from the perceptions, actions and conclusions of the 

individuals in society. There are two social entities perceptions are categorised as 

objectivism and subjectivism positions. The objectivism is defined as the entities exist 

independent from the perception, therefore it can be exploited to describe any nature 

phenomena (Austin, 2009). Subsequently, the ontology will be objective without any 

human interactions and the interpretation of the social entities will be under social 

conditioning (Saunders et al., 2009). Whilst,  the subjectivism is defined as the perception 

of specific social entities through human actors with respecting their positions and other 

factors which affect their views (Bryman and Becker, 2012), hence, the ontology as 

subjectivism cannot describe a single fact since it relies on the place as well as the time 

of observing the phenomena (Nightingale and Cromby, 2002).  Lee (2012) argues that 

the term subjectivism is used interchangeably with constructivism, however, the 

subjectivism perception for any object, in reality, is completely denied due to social actors 

try to observe the phenomena based on their situations and build their understanding 

based on subjective views. 

As stated, the relativism (subjectivism) ontological position represents the perception of 

specific social entities that are affected by human actors, and this research explores 

developing solutions to the cost management practices of the IPD due to the revealed 

deficiencies by the practitioners. Therefore, this research can be described as relativism. 

4.2.2. Epistemology 

Epistemology is a philosophical term that discusses the nature, structure and scope of the 

knowledge, therefore, the epistemology explores the sources that shaped the knowledge 
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such as perception, memory, and different types of reasoning (Goldman, 2004). To be 

more specific, epistemology is exacting the theories that provide answers to questions, 

which, are raised to understand the nature of the knowledge (Knight and Turnbull, 2008).  

Defining the relationship between ontology and epistemology is an important for the 

researcher as there is directional and inextricably relationship that enables the researcher 

to understand the nature of the research problem, as well as, the knowledge that is 

structured to understanding/perception of the problem (reality) (Essays, 2018, Furlong 

and Marsh, 2010).  

Riege (2003) state that positivism refers to the nature with social science can provide a 

set of methods that can provide understanding regarding an independent fact that is 

assumed to exist as apprehendable reality, this fact is driven by natural law and 

mechanism. The positivism approach relies on empirical methodologies that extracted 

from the natural science to interpret specific phenomena (L BERG, 2001), therefore this 

approach is mainly used while conducting quantitative research (Yu, 2003). This is 

asserted by Merriam (1998), quantitative research utilises positive-science through testing 

the research hypothesis using a wide range of rigorous, reliable and verifiable empirical 

data.  

Meanwhile, Interpretivist refers to discovering the reality from human views (human 

experience and perceptions) (Cohen and Manion, 1994). Therefore, The Interpretivist 

paradigm is used to understand the contexts and beliefs that are socially constructed 

(Willis et al., 2007). As such, this paradigm is used when the research is conducted 

qualitatively since there is an interconnection between qualitative research and 

Interpretivist paradigm (Silverman, 2013, Willis et al., 2007). To assert, Thomas (2003) 

points out that the Interpretivist is used with qualitative research due to it portrays the 

world in case the reality is socially constructed and characterised as complex and rapid 
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changing. As well as, qualitative research usually provides long/rich reports that require 

employing Interpretivist to understand the research outcome/ findings (Willis et al., 

2007). 

As such, Positivism and Interpretivist approaches have some limitations regarding the 

positivism is mainly driven by the universal law, therefore it is considered as an over-

deterministic approach that limits the choices, on the other hand, the Interpretivist 

approach is highly contextual and relativist (Calado et al., 2009). Hence, a third approach 

which is a realist is recommended to deal with mentioned shortcomings of the other two 

approaches (Olsen, 2004). Niiniluoto (1999) states that “Epistemological realism claims 

that it is possible to obtain knowledge about mind‐independent reality”, therefore, the 

reality can be socially constructed, however, the understanding is limited and all findings 

could be fallibilism through scepticism and dogmatism (Boyd, 1980).  

Given, the research includes objectives that require human views in order to fulfil them 

such as questionnaire and interview in order to develop the solution and validate it. 

Accordingly, this research epistemology can be classified as ‘Interpretivist’. On the other 

hand, this research can also be described as positivism since a new cost management 

system is needed for the IPD approach and this is an independent fact that is explored by 

the empirical investigations.  

4.2.3. Axiology  

Smith and Thomas (1998) define the axiology as a branch of the practical research 

philosophy that is concerned with the nature of value, it is also classified into two 

concepts, which are value-free/neural or value-driven/value-laden, therefore, this branch 

of study considers the individual effects such as political, social and ethical on the 

research directions and findings (Lekka-Kowalik, 2010). That’s why Heron and Reason 
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(1997) argued that the research findings are usually affected by the axiological attitudes 

of the researcher through expressing their values that direct the path of research. The 

research has several phases that are affected by spectrum axiological attitudes, it extends 

from value-free to value-driven (Mingers, 2001). However,  Douglas (2009) contends that 

it is not applicable to conduct a research based on the value-free axiological concept even 

if the employed ontological paradigm is objectivism, and this is more unattainable in case 

that the constructivism ontological paradigm is applied since the researcher often interacts 

with the research subject, therefore, all proposed claims are affected by the research 

participants (Riege, 2003). Particularly, when the research includes methods such as 

interviews or questionnaire, the participants' cultures and the background will be 

presented in their responses (Knox and Burkard, 2009).  

Given that this research relies on conducting a questionnaire to explore the current 

practices of cost management within the IPD approach and evaluating BIM tools 

practices, in addition, conducting interviews with experts to evaluate the proposed cost 

management system, therefore, the research can be classified as “value-driven axiology”, 

however, the researcher considers the validity and reliability of the results through 

applying statistical tests and other validity and reliability tests (see section 4.8 for more 

details) to avoid any biased views that could affect the research findings.   

4.3.RESEARCH APPROACH 

There are three main approaches that were highlighted in the research onion, these 

approaches are deductive and inductive approaches. 

4.3.1. Deductive Approach 

The deductive approach is used to develop the hypothesises for a specific problem, based 

on the extant literature, subsequently, articulating the suitable approach to validate and 
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test the significance of assumed hypothesises (Silverman, 2013), therefore, the deductive 

approach is a progress of a specific theory that is methodically validated. This approach 

is highly utilised in natural science research since it relies on objectivism ontological 

paradigm that is used to describe any independent nature phenomenon (Collis and 

Hussey, 2013). Hyde (2000) states that the deductive approach begins by building general 

thinking (understanding) to more particular thinking (top to down methodology). 

According to Bryman (2016), the exploration steps begin by defining the gap (research 

problem), followed by articulating hypothesis based on existing theories, investigating 

the significance of proposed hypotheses through suitable techniques and methods, 

analyse the findings and reflect these findings on the tested theories to improve them 

based on the results that retrieved from the valid hypothesises. Positivism is the proper 

epistemological paradigm to work with the deductive approach since the researcher is 

exploring to validate the theory in value-free statistical as axiological practice (Hyde, 

2000). Accordingly, the findings will be only derived by the statistical parameters 

regardless of the researcher views/attitude (Levin-Rozalis, 2004).  

4.3.2. Inductive Approach 

Locke (2007) noted that the origin of utilising the inductive thinking backs to Aristotle 

(384-322 B.C.) who adapted it from Socrates (470/469–399 B.C.), contrary to deductive 

thinking, the inductive approach process begins from specific to the general. In addition, 

the inductive approach is concerned with building the theory rather than testing it as the 

case with the deductive approach, so in inductive approach the research  begins by 

observing specific event, followed by building general understanding about this event, 

then, developing set of tentative hypotheses to understand the characteristics of the 

observed event, finally, articulating a theory to describe the observed phenomena (Hyde, 

2000). As the aim of adopting this kind of thinking (reasoning) is to build an 
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understanding of a specific event, individual or group attitudes (Bendassolli, 2013). Since 

inductive reasoning is used in most of the research as an exploratory approach through 

open-ended inquiry, therefore, most of the research adopt both deductive and inductive 

throughout the entire research stages in order to narrow the research scope and therefore 

articulating valid findings (Bryman, 2016, Kothari, 2004, Teddlie and Tashakkori, 2009). 

Accordingly, mixing between deduction and induction reasoning in research is applicable 

and acceptable as each stage in the research has distinct characteristics that need various 

thinking approaches (Douven, 2011).  

4.3.3. Abduction Approach 

After discussing the two ways that are used to develop a research hypothesis and showing 

that the research stages are different and requires implementing both of them in order to 

avoid their individual shortcoming, therefore, the abduction approach is genuinely 

proposed by Charles Sanders Peirce (Krupnik and Turek, 2014). The abduction approach 

is concerned with providing answers as reasons in forms of “what and why” questions, 

therefore, this way of reasoning provides understanding rather than explanation (Blaikie, 

2007). Therefore, it is a middle-ground position between the inductive and deductive 

reasoning approaches, and the researcher who adopts abductive thinking should provide 

research with clear explanations of its process, ethical considerations, and this can ensure 

the reliability and the validity of the research tasks and findings (Timmermans and 

Tavory, 2012). There are several disciplines adopt the abductive approach, however, each 

discipline adapted the abductive reasoning approach with its requirements and 

characteristics (Haig, 2005). Bryman (2016) argues that if the research can be purely 

conducted using either deductive or inductive reasoning approach, this will be much 

satisfactory rather using the abductive approach. According to Bendassolli (2013), the 

research process begins by observing the phenomena that the data could be retrieved 
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experimentally or using natural design and the inductive reasoning will be employed to 

infer the nature of the observed phenomena, subsequently, related theories will be 

determined by the deductive approach to investigate the observed phenomena. In 

addition, two or more tasks can be implemented in a parallel way with implementing 

abduction such as while developing a framework to describe an observed phenomena, 

another data collection can be conducted towards creating new knowledge, therefore, this 

approach is like a loop with two directions, one towards developing theory and another is 

to implement more empirical studies to open new directions (Dubois and Gadde, 2002).  

With all above in mind, this research adopts the abductive reasoning since the inductive 

approach will be utilised to build a critical understanding regarding BIM-based cost 

management practices within the IPD approach, and determining all related theories, 

followed by revolutionise and validate the initial understanding through collecting experts 

views (survey using questionnaire tool) and providing tentative hypotheses. Whilst, the 

deductive approach will be implemented through testing the proposed hypotheses (BIM 

is the best approach to be integrated within IPD, ABC can enhance the IPD’s cost 

structure, Mixing ABC into EVM can provide mathematical models that can facilitate 

automating risk/reward sharing, Blockchain (hyperledger fabric) is efficient to provide an 

automated financial system that can keep all data immutable after applying agreed 

automatic endorsement policy). Therefore, the abductive reasoning approach will be 

implemented since it accepts utilising qualitative and quantitative methods (mixed 

research methods) (Yvonne Feilzer, 2010), and this is required in this study, all utilised 

methods will be clearly explained/extended later in this chapter.  

4.4.RESEARCH CHOICE  

Punch (2013) divides the research approaches into two categories, quantitative and 

qualitative methods, these methods can be employed as a mono method, mixed methods 
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and multi-methods (Saunders, 2011). The mono method refers to employing one 

approach to conduct the research (i.e. quantitative or qualitative), the mixed methods 

mean that methods from both quantitative and qualitative approaches are utilised, the 

multi-methods means that several methods are used, however, these methods could be all 

quantitative or/and qualitative (Halcomb and Hickman, 2015, Jick, 1979). To be more 

specific, mixed-methods approach is set of methods that are mixed to collect data for a 

single data (Flick, 2017), however, the multi-methods is when the research project is 

divided into stages so that each stage requires specific methods whether quantitative or 

qualitative methodologies to collect its data (Yvonne Feilzer, 2010).  

4.4.1. Quantitative Research 

Abowitz and Toole (2009) state that the quantitative research utilises scientific methods 

to collect the data when the initial study such as literature review leads to a better 

understanding of research nature and subsequently articulating reliable aim and 

objectives. Newman et al. (1998) confirm that the quantitative research is often utilised 

when the reality (subject) independently exists (epistemological paradigm is positivism) 

and research fields such as chemistry, physics and mathematics. Therefore, qualitative 

research is utilised particularly to describe empirical data into specific phenomena 

through employing statistical/computational techniques to provide interrelationships 

between the measured and analysed empirical data (Denscombe, 2010). As such, it is 

recommended to address the research questions such as what, how and many (Fellows et 

al., 2015). The quantitative research is often conducted using a survey (questionnaire), 

lab experiments and case studies (Saunders, 2011). 
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4.4.2. Qualitative Research 

According to Maxwell (2008), qualitative research is concerned with exploring research 

subjects that have not formulated previously (there is any definitive finding), the objective 

often articulate a full understanding regarding the research subject to reveal the relevant 

theories. The researcher in this kind of research is a vital player in collecting data, 

formulating the research tasks and finally presenting research findings/outcomes in a 

proper and reliable way (Saini and Shlonsky, 2012). Therefore, qualitative study 

(methods) adopt the epistemological Interpretivism paradigm since the research data is 

usually collected as people perspectives and subsequently these data will be analysed in 

a single context to articulate the findings (Calado et al., 2009). The aim of adopting a 

qualitative approach is to understand and interpret the people attitudes and views 

(Sarantakos, 2013). That’s why Strauss and Corbin (1990) assert that qualitative methods 

are the best choice in case the research explores new phenomena and there is a lack in 

understanding it. Therefore, it can be used to collect data regarding the research variables 

and finding the relationships among revealed variables, these variables can be tested and 

evaluated quantitatively (Patton, 1990), for this reason, the qualitative research 

(especially interview method) is highly employed in Information Systems studies 

(Silverman, 1998).  

There is a wide range of strategies that are employed as qualitative approach such as 

action research, qualitative case study, interview, focus group, narrative research and 

ethnography (Saunders, 2011),  as well as, using “words” to describe the research findings 

rather than using numbers compared to quantitative approach  (Bryman and Becker, 

2012). 

Creswell (2013) states that the integration between quantitative and qualitative methods 

give the opportunity to collect all kinds of data to convergence among the results, this is 
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called mixed research methods or triangulation. And it is usually used to eliminate the 

shortcomings of quantitative and qualitative methodologies when it is utilised 

individually (Fellows et al., 2015, Creswell, 2013).  

According to Van Maanen (1979), qualitative research approaches include set of 

techniques that are concerned with understanding, decoding or translating for phenomena 

in the social world, however it is not concerned with determining the frequencies or giving 

numerical indications. There are several strategies are used with the qualitative approach 

such as grounded theory, ethnography, action research and case study (Denzin and 

Lincoln, 2008). 

4.4.3. Mixed Research Methods  

Dainty (2008) states that mixing qualitative and quantitative approaches are utilised to 

reduce the shortcomings of using an individual approach and getting the advantages of 

each methodology. the mixed research methods refer to mixing quantitative and 

qualitative methods or mixing two methods from each approach such as using interviews 

and focus group at the same study for in-depth understanding and analysis (Flick, 2018, 

Corbin and Strauss, 2008, Fellows et al., 2015). In addition, the triangulation is adopted 

to validate the retrieved data or collecting more data about a specific problem (Corbin 

and Strauss, 2008). Furthermore, Bryman (2006) concluded the advantages of adopting 

mixed research methods as (1) triangulate the research findings that can be mutually 

endorsed, (2) mixing methods can offset the shortcomings of individual method and 

maximise its capabilities, (3) articulate completed findings that are generated by the 

combined methods.   

This research adopted a mixed research methods approach to theory development since 

the literature review in conjunction with a survey (questionnaire) are utilised to develop 
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the research framework. Additionally, the proposed framework will be tested using a 

quantitative case study to apply all proposed tools and techniques on a real-life case study, 

subsequently, it is followed by qualitative approach, which is interview method to observe 

expert views regarding the proposed framework applicability, validity in the practical 

field.  

4.5.Time Horizon 

Saunders (2011) defined the research time horizon as a time framework which the 

research is designed to be completed, there are two types of time horizon in the research 

onion, namely, the cross-sectional and longitudinal time horizons. The first one refers to 

the research that should be conducted in specific point on time, meanwhile, the 

longitudinal refers to the research that is implemented through a long period of time 

(Saunders and Tosey, 2012). The research that is utilised by experiment method, action 

theory and grounded theory are usually considered as longitudinal time horizon research, 

however, the research that is utilised by methods such as survey is considered as cross-

sectional research (Saunders and Tosey, 2012).  Given, this research adopts methods that 

do not require a long time to collect the data such as literature review, survey 

(questionnaire tool) and interview, the research has been conducted in almost two years, 

therefore, this is cross-sectional research.  

4.6.RESEARCH METHODS  

Through reviewing the literature review, there are several methods are applied in the 

construction engineering field. These methods can be concluded as (1) experiments, (2) 

case studies, (3) Ethnographic Research, (4) action research, (5) grounded theory, (6) 

survey, (7) archival research. Each method will be discussed in this section to enable 

choose the suitable methods to conduct the research aim and objectives.  
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4.6.1. Experiments  

Christensen and Waraczynski (1988) define the experimental research as a process to test 

the research hypothesis through examining the casual relationships among different 

variables and this is usually conducted in the laboratories (Chynoweth, 2008). The 

experiential research is associated with the quantitative studies and it is usually adopted 

in a positivism context  (Hindess, 1977). Even though experiments method showed a great 

success in the modern science through giving the opportunity to understand the cause and 

effect relationships (Chapin, 1917), however, there are some disadvantages to use the 

experiment methods such as the personal bias to analyse the results, samples might be 

unreliable that provide misleading results, the outcome of the experiment represents a 

single situation which makes it hard for any replication in other research, the human 

actions cannot be observed, finally, the results might not describe the entire real-life 

situation (Mason, 1992). The ethical and practical issues play a vital role to determine 

whether the experimental methods can be applied or not as these methods usually take a 

long time and expensive, therefore, these methods are no applied in many areas of 

research (Cooper et al., 2006). Given, the aim of this research is to develop a cost 

management system for the IPD approach using BIM and blockchain technologies, 

therefore, there is no a direct relationship between the experimental methods and the aim 

of this research whether in the development stage or the validation stage. 

4.6.2. Case study  

Tellis (1997) states that the case study approach is an approach to investigate a particular 

phenomenon empirically within its real-life settings. The case study method is often used 

to respond to two types of questions which are “How” and “Why” (Baxter and Jack, 

2008). The case study method is utilised for two purposes, namely, building an in-depth 
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understanding regarding the research context, subsequently, develop new themes, and 

validating any proposed theoretical ideas/framework (Morris and Wood, 1991). 

According to Fellows and Liu (2015), the used case study in the construction management 

field can be classified as (1)  a source to provide ideas to the researcher, (2) describing 

the specific phenomenon, (3) describing/ abstracting projects, (4) evaluate previous 

studies. The case studies are categorised as single-case study and multiple case studies 

that are usually used to compare results to enforce/validate specific direction (Yin, 1981).   

Bello (2003) notes that the case study can provide primary valuable information to the 

researcher due to the retrieved information is more concrete and contextualised since all 

case studies information should be well-analysed and examined (Saunders, 2011). The 

case study method can be used as an exploratory approach to test and validate the research 

hypothesis, on the other hand, the descriptive case study can be utilised to understand the 

situation around the specific phenomenon, hence set of hypothesis can be developed (Yin, 

1981).  

Davey (1990) defined the illustrative case study as method that is used to interrupt the 

data for an experience or program. As well as, it is used to make the unfamiliar things 

more familiar through explaining it to the reader and understanding the problem uses 

examples. This method has been used to test the usability of a developed prototype to test 

an idea (Corry et al., 1997). According to Fairley et al. (2005), there are two purposes of 

utilising the illustrative case study, namely, bridging the gap between the researcher 

understanding and the target audience and inform potential users about a topic of which 

it was previously presented—or widely utilised.  

Regarding using an interpretive case study to validate or measure the usability of a 

proposed tool, Ponelis (2015) asserts that using an interpretive case study can enable the 
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researcher to explore interesting and potentially relevant topics to the research problem 

while collecting the data.  

There are several similar research that its developed tools have been validated using an 

illustrative case study through using a real BIM model, subsequently, apply the developed 

tools to measure its applicability such as research by (Zou, 2017, Montaser, 2013). 

As such, in this research, an illustrative case study is used to test the usability, scalability 

and practicability of proposed tools—Prototype testing. A framework is developed based 

on the highlighted gap and retrieved information from the literature review and the 

questionnaire. The framework includes specific tools and techniques that should be 

validated/verified empirically. The researcher using real data such as using 3D, 4D and 

5D BIM models and develop an IPD context including the compensation model for all 

IPD core team members, subsequently, develop scenarios to measure the applicability of 

the proposed tools of the framework.  

4.6.3. Ethnographic Research 

Hammersley (2016) states that the ethnographic research is when the researcher is 

involved in a specific period in a social life that is required to be explored, and the 

conclusion is usually articulated by the researcher’s observations. The qualitative 

approach is generally utilised in this type of research, meanwhile, several methods can be 

applied such as observations, interviews whether face-to-face or digitally by emails 

(Szewczak and Snodgrass, 2003). Some research mentioned that ethnographic research 

is an instrument to collect data rather than a research design (Wilkinson, 2011). Given the 

aim and objectives of this research do not explore the attitude and behaviour of any 

specific group, therefore, this method is not considered in the research design.  
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4.6.4. Action Research 

When the researcher study-specific problem within an identified environment and all 

participants have similar/common background and the researcher is actively acting as a 

participant rather than observer, this is called action research (Cunningham, 1995). This 

type of research is usually implemented to solve a specific social problem (Fellows and 

Liu, 2015).  This type of research is often to be employed in business management area 

since the researcher can be included in a specific organisation to identify and solve a 

problem with a group of professionals (Bell and Bryman, 2007). Given this research 

characteristics— the required data—do not meet what this method can provide, therefore, 

this method will not be employed here.  

4.6.5. Grounded Theory  

Glaser and Straus (1967) developed the grounded theory in order to derive the theories 

that can describe human behaviours and experiences in specific situations through the 

derived empirical data. The process includes several steps for collecting data, and after 

each step, an analysis is often conducted while another data collection is progressing 

(Straus and Corbin, 1997). It begins by coding the emerged issues to formulate statements 

until the final theory will be grounded (Jones and Alony, 2011), there are different types 

of coding, open coding is utilised for classified and categorised data (Moghaddam, 2006), 

in case that there are interrelationships between data, the axial coding technique should 

be utilised (Kendall, 1999). When the integration of categories is used to develop a theory, 

selective coding is appropriate to be employed by the researcher (Charmaz and Belgrave, 

2007). Given, this research relies on developing a practical solution based on exploiting 

existing theories, therefore, this method is not adopted in this research.  
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4.6.6. Surveys 

Saunders (2011) states that the survey method is usually utilised to collect quantitative 

and qualitative data through a specific period. There are two main types of research that 

employ this method, which is exploratory research and descriptive research (Groves et 

al., 2011). A survey can be conducted using several techniques such as questionnaire, 

interview and observation (Fellows and Liu, 2015). In the management research, the 

survey is often utilised to respond to questions like ‘who?’, ‘what?’, ‘where?’ and ‘how?’.  

Moreover, This method can be used to compare between the existing conditions and the 

standard one, this leads to building relationships between different events in common 

points over a specific time (Groves et al., 2011). Tan (2002) asserts that the survey method 

is the best approach to understand the responder’s meaning to enable developing a new 

hypothesis that can be developed as theories. 

Given that one of the research objectives is to evaluate the current practices of BIM and 

IPD processes such as the challenges that face the implementation of IPD regarding the 

cost management within the AEC industry practitioners, therefore, the survey method 

will be employed using the questionnaire technique.   

4.6.7. Questionnaire  

The questionnaire is a survey instrument that is usually employed to collect quantitative 

data (Thomas, 2003). The questionnaire tool is advanced by giving the respondent enough 

time to understand the questions and answer them, most of the questions are multiple 

choices such as using Likert-type scales (Converse and Presser, 1986). The risk of a low 

rate of response should be highly considered if the researcher is planning to use this tool 

since it is very hard to convince the respondents without direct conversation (Berdie, 

1973). The questionnaire that consists of close-ended questions can easily be analysed 
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through descriptive analysis using statistical platforms, therefore, this technique is 

employed in this research (Labuschagne, 2003).  

4.6.7.1.Questionnaire Design and Survey Implementation 

An online questionnaire was designed for two purposes, first is to check the validity of 

the proposed methods to enhance the cost management process for the IPD approach such 

as ABC and EVM, as well as, the current status of implementing BIM-based cost 

management. The second purpose is to validate a set of proposal-solutions-to deal with 

the revealed issues of IPD cost management practices. The researcher has carried out a 

pilot study with six BIM and IPD experts before releasing it online in order to check its 

logic of questions, fit of the two mentioned purposes and easy to follow. The details of 

the questionnaires can be seen in Appendix B. The questionnaire has been divided into 

four sections as follows: 

1. Personal and demographic information about the participants and the general BIM 

implementation status in their organisation to enable check the validity of their 

answers.  

2. BIM-Based Cost Management Process  

3. 4D/5D BIM optimisation and automation 

4. BIM-Based Integrated Project Delivery (IPD) approach 

4.6.7.1.1. Data Sampling  

As aforementioned, the purpose of the questionnaire is to collect data from  BIM and IPD 

experts regarding the practices of cost management of the IPD approach. Therefore, the 

population size cannot be determined. That’s why, this research relies on Purposive 

sampling, which is defined as a type of nonprobability or non-random sampling where 

members of the target population that meet certain practical criteria, such as easy 

accessibility, geographical proximity, availability at a given time, or the willingness to 
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participate are included for the purpose of the study and they have specific defined 

characteristics (Etikan et al., 2016). In this research, there are a set of criteria that have to 

be met by participants in order to be able to fill the questionnaire. These inclusion criteria 

are (1) have a theoretical and practical background regarding BIM, (2) Participants should 

have a proper level of understanding for IPD approach, (3) most of the participants should 

be able to assess the cost management tools and methods whether traditional 

process/methods or 4D/5D BIM.  

4.6.7.2.Data Collection  

The questionnaire has been sent to the potential respondents after ensuring the questions’ 

internal validity and reliability. As mentioned, the type of the sample is purposive, 

therefore, the selection of the participants have been carried out through checking the 

BIM and IPD expertise profiles in LinkedIn, as well as, sending the questionnaire to a 

professional group such as CNBR (Co-operative Network for Building Researchers). In 

addition, the researcher could identify a set of the IPD leader and contact them to ask their 

consent to take part in this questionnaire.  

The duration of collecting the questionnaire was three months since that the questionnaire 

has been sent out to the potential respondents throughout this period, three weeks have 

been given to the participant to fill the questionnaire and a reminder was sent every week. 

Given, the questionnaire has been sent out to professional groups, therefore, the number 

of distributed questionnaires cannot be determined. More details regarding the number of 

respondents and their personal information are extended in chapter 5 (Point of departure). 

4.6.8. Literature Review and Document Analysis  

Webster and Watson (2002) state that the aim of the literature review is to address the 

research gap by identifying, evaluating, and integrating the previous findings for relevant 
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and similar studies. The mechanism of using the literature review should be as follows 

(1) understanding the progress which has been achieved by other researchers to build the 

research base that can be used as a point of departure (Cohen and Manion, 1994); (2) 

Build an integrated context which respects the arrangement between the different ideas 

with showing the contradiction between the theories in order to build reliable argument 

(Watson, 2002); (3) articulate specific statements and build argument around each 

statement through using different views with linking them together in a single context; 

The researcher has a right to comment and critique the theories (Baumeister, 2013). (4) 

The literature review should address much border issues and questions rather than a single 

question which relates to a single empirical study (Baumeister and Leary, 1997). 

According to Corbin and Strauss (2014), there are three types of literature review, namely, 

Narrative or Traditional literature reviews, Scoping Reviews, Systematic literature 

Review. The traditional literature review builds an overview of a specific topic by pulling 

much information together in a readable format (Green et al., 2006). This way of 

presenting the data can lead to provoke many thoughts and controversies, therefore, the 

traditional review method can be successful in developing philosophical perspectives 

(Gehlbach, 1988). In another word, the narrative literature review is useful to give the 

reader a comprehensive understanding about a specific topic, highlighting the research 

areas, identifying the research gap and developing/refine the research questions (Green et 

al., 2006). 

The systematic literature review can be defined as a clear review of the relevant studies 

which pertain to the proposed questions to explore the specific issue to fill the gap in 

specific knowledge or field (Cooper, 1984). Therefore, the systematic literature review is 

employed in this research to define the gap, as well as, evaluating methods that can be 

integrated to develop the solution.  
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This review should follow explicit methods and criteria to collect the data. Furthermore, 

conducting the literature review requires applying some specific steps such as scoping, 

planning, breakdown, screening, and finally check the eligibility of the collected data. 

The review texts should have some characteristics such as objective critique, systematic, 

transparent through writing the information in the same meaning with mentioning the 

writer. Kitchenham et al. (2009) argued that the research question should be explored 

sufficiently before starting to write the literature review, as well as, the literature review 

sections should be generated by refining the research question. Coughlan et al. (2007) 

state that the literature review can be used to develop the conceptual framework, and this 

is the target of using it in this research. Fixsen et al. (2005) asserts that the existing 

literature review can be used as the main source to collect data about the previous 

researches which have been undertaken before to explore the same entire topic or part of 

the proposed research.   

4.6.8.1.Analysing and Synthesising the Literature Review 

Hendry and Farley (1998) state that the evaluating of the literature review comprises from 

different stages, firstly, the initial review by exploring the abstract of the existing paper 

to ensure if these papers are compatible with the proposed research or not. Secondly, the 

systematic and critical review should be proceeded to Preview, Question, Read, 

Summarize the content (Onwuegbuzie et al., 2012). Thirdly, begin by highlighting the 

main research questions and collect the relevant data to each question from the appraised 

papers in the first and second stages. Eventually, the researcher attempts to collect 

answers to all the revealed questions and summarise all these arguments in a single 

context (Wakefield, 2015).  

There are two methods to appraise and evaluate the literature review, Meta-analysis and 

Meta-synthesis. Polit and Beck (2006) state that Meta-analysis is the method of 
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conducting and gathering quantitative data to enhance the understanding of any specific 

topic. Meanwhile, the Meta-synthesis (the adopted technique in this research) is a non-

statistical technique to evaluate and integrate the findings in a single context to identify 

the key elements in each study which enable to transfer this information to other research 

and impoverish the research environment. 

4.6.9. Interview 

Alshenqeeti (2014) state that the interview is a powerful technique to appraise the 

argument of people towards the meaning of a specific point. Moreover, Lune and Berg 

(2016) assert that interviews enable the interviews to speak by their voice and introduce 

their ideas by expressing all their views through different observation about the question 

and the interviewer can get a holistic snapshot of the interviewee's opinions. Moreover, 

an interview is an extendable conversation between some persons to get an in-depth 

understanding of any topic.  

Kajornboon (2005) states that there are four types of interview, namely; structured 

interviews, semi-structured interviews, unstructured interviews and non-directive 

interview. The interview is categorised as a structure when the same questions are asked 

to all interviewees in the same sequence and words (Rogers, 2010). Moreover, all 

interviews should be conducted under the same conditions and administration procedures 

(Bryman, 2016). 

Holstein and Gubrium (2011) state that the unstructured interview can be useful to collect 

more views and data because it gives the two side much freedom and flexibility to open 

any point which can be important to get a holistic view. However, the targeted kind of 

interview in this research will be the structured one, because the topic of the question is 

complex and the targeted interviewees are fresh graduate as well. Rubin and Rubin (2011) 
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state that there is a kind of interview which locates between the structured and 

unstructured interview, it is called a semi-structured interview. This kind of interview 

relies on left a space without highlighting a question to take the flexible views from the 

participants. This kind will be used in this research by expressing closed questions and 

open question to the participant, this leads to getting entire views, and the general 

recommendations can lead to develop the whole idea and direct the research to the new 

area. When the researcher cannot articulate the format of the interview, questions, 

therefore, the researcher can use non-directive interview type since it is free-flowing and 

flexible, as well as, questions are not pre-set (Whyte, 2003). 

The relationship between the interviewer and the interviewees is important to ensure the 

interview will achieve its target. Therefore the power of the interview should be balanced 

between the two sides through following these points (Alsaawi, 2014): 

• Express the value of the interview and reflect the values of the interviewees. 

• The trust should be exchanged between the interview´s sides. 

• The meaning of the questions should be clear and direct to enable the interviewees 

to understand and express their opinions.  

The usage of words and terminologies should be common and understandable to avoid 

any confusion. Therefore,   justly remark that “the shorter the interviewer’s questions and 

the longer the subject’s answers, the better an interview is” (Alsaawi, 2014). 

Given, the one-hour interview can take around 30 to 40 pages to record it, therefore, the 

analysing process should be organised to avoid missing the data. The analysing process 

begins by organising the data by coding through two stages, first, gather the similar data 

meaning in one unit, second arrange and code them as well. After that, check the 

validation of these data and the relevance of the main questions (Somekh and Lewin, 

2005). Alshenqeeti (2014) clarifies that the reporting system relies on the kind of the 
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interview, for instance, if the interview is structured, the data can be presented in graphs 

or tables, and however, the unstructured interview can be presented as argument text.  

4.6.9.1.Types of Used Communication in the Interview 

According to (Opdenakker, 2006), there are two types of communication to conduct an 

interview such as (1) Synchronous communication in time/place, (2) Asynchronous 

communication in place/time. The first type can be conducted such methods “Face to 

Face (FtF)”, MSN messenger and Telephone regarding the time dimension, however, FtF 

technique is only synchronised in the place dimension. (2) The asynchronous 

communication is usually carried out using email regarding the time dimension and for 

the place dimension, email, MSN messenger and telephone are asyncronised. However, 

Burke and Miller (2001) telephone and MSN messenger could be considered as 

synchronised techniques in the cyberspace. This space is defined as a virtual space when 

communication through computer networks is conducted (Benedickt, 1991). In addition, 

Krysan and Couper (2003) define another method is called “Virtual/video interview”, this 

type of communication is asyncronised in time/place. It is characterised by (1) reduce the 

interviewer effect on the survey, (2) video can include more explanation and different 

type of contents to be evaluated by interviewees (Henry and Fetters, 2012), (3) 

interviewees have a choice of responding to send questions or withholding a response, 

therefore providing a noncoercive discursive environment (Given, 2008), (4) the ongoing 

discussion is structured as the same content is usually sent to all selected respondents 

(Ross et al., 2019). This type of interview is advantaged by enabling the interviewer to 

build a structured content —texts, graphs and audio, etc.— as well as linking these 

contents with the questions, that’s why, it is suitable to test the developed hypothesis 

(Given, 2008). 
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Given that the interview is used to evaluate the proposed research framework and 

prototype tools, therefore, the video/virtual semi-structured interview is the most suitable 

technique to collect the respondents' views. The procedures for conducting the interviews 

as follows: 

1. Sending an email to ask the participants to take part in this interview. 

2. After receiving the participant consent, another email will be sent including a 

video (50 minutes), this video includes explanations about the framework and the 

developed tools. A set of questions to evaluate each part in the framework and 

developed tools will be also sent by email (See appendix C).  

3. In some cases, the respondents can ask for a phone interview to get more 

clarifications. 

4. Receiving the answers and carrying out the thematic and content analysis. 

4.6.9.2.The Adopted Data Analysis of the Interview 

Braun and Clarke (2012) state that the thematic analysis is the most popular method of 

qualitative data analysis as it is accessible, flexible. That’s why the thematic analysis was 

chosen to analyse the scripts of the interviews. It is defined as “a method for identifying, 

analysing and reporting patterns (themes) within data” (Clarke and Braun, 2013). The 

techniques and steps of identifying the themes have been listed by (Ryan and Bernard, 

2003) as follows:  

• Repetitions: whether using the same words or mention similar ideas 

• Indigenous typologies or categories: “look for unfamiliar, local words, and for 

familiar words that are used in unfamiliar ways” (Ryan and Bernard, 2003). 

• Metaphors and analogies: how participants say their idea regarding metaphors or 

analogies 
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• Transitions: the movement from a topic to another. 

• Similarities and differences in the same topic between the interviewees  

• Linguistic connectors: explores how the interviewees use specific words such as 

‘because’ and ‘since’ to provide their justifications. 

• Missing data: for example, some interviewees did not answer specific questions  

• Theory-related material: in case that names of scientific theories are mentioned. 

Given that the interviews have been carried out as a virtual/video interview, therefore, the 

answers were returned to the researcher in a google form. This enabled to export the 

scripts directly to “NVivo” to identify and build the themes of the interviews scripts due 

to its ability to help the researcher to analyse and summarise the qualitative data such as 

literature review and interviews (Denardo, 2002). Moreover, assisting in manipulating 

recorded data, browsing, coding and annotating them. As well as, it is user-friendly such 

as gaining access to data records quickly and accurately (Richards, 1999). Figure 12 

shows a snapshot of the creation of themes using “NVivo”.  

4.7.ADOPTED RESEARCH METHODS AND TECHNIQUES 

Figure 12. A snapshot of the creation of themes using “Nvivo”. 
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Figure 13 shows the relationships between the research objectives and methods. It can be 

seen that the first two objectives have an exploratory nature, given that the first objective 

is to explore the existing practices of cost management within the IPD approach, as well 

as, the level of integrating BIM into the IPD process. Subsequently, a verification of the 

collected data will be conducted using the questionnaire method, the verification process 

has two main purposes, first is to measure the applicability of IPD in the industry, as well 

as, rating the retrieved solution from reviewing the literature such as the feasibility of 

ABC and EVM to enhance the cost management tasks for the IPD approach.  

After that, the development of the framework will take a place, the framework shows how 

the integration between different methods can develop an integrated cost management 

system for the IPD approach. Subsequently, the validation of entire research will be 

conducted through developing a prototype to enable measuring the validity and 

applicability of the proposed tools in the framework. The prototype will be tested by using 

an illustrative case study. Given, the robust research which gives a clear conclusion as 

well as highlighting further research that can be started based on research’s outcomes, 

thereby series of interviews will be taken a place with practitioners to evaluate the 

validated prototype from the academic/industrial perspectives in order to use their views 

in the future research. 
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Figure 13.the entire research design 
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4.8.DATA VALIDITY AND RELIABILITY 

Brink (1993) states that “Validity and reliability are key aspects of all research. 

Meticulous attention to these two aspects can make the difference between good research 

and poor research and can help to assure that fellow scientists accept findings as credible 

and trustworthy”.  

4.8.1. Validity  

Validity is defined by (Winter, 2000) as the formulation of the concept, notion, questions 

or hypothesis that direct the researcher about the data that should be collected, as well as, 

the proper methods to collect these data. There are five types of data validity that were 

adopted in this research as follows:  

• Concurrent validity: it refers to how the findings of a new test compared to a well-

established test. Moreover, it represents the practice of concurrently testing that 

has been carried out by two groups at the same time (Markham et al., 1994). This 

is utilised in this research by comparing the results of the literature review content 

analysis and the questionnaire results regarding the cost management practices of 

the IPD, as well as, the BIM implementation current status.  

• Face validity: it is to evaluate the validity of the test regarding the suitability, 

procedures and relevancy (Holden, 2010). The used methods such as literature 

review, questionnaire, illustrative case study and interview are justified in this 

chapter against the research aim and objectives.    

• Convergent validity: it examines the correlation between two tests to measure the 

validity of the same construct (Cunningham et al., 2001). In this research, there is 

a correlation between the used methods, particularly, literature review and 

questionnaire to assess the validity of the proposed solutions to enhance the cost 
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management practices based IPD. Moreover, the correlation between the 

illustrative case study and interview to assess the applicability and validity of the 

framework and developed tools.   

• Construct validity: it is defined by (Schwab, 1980) “representing the 

correspondence between a construct (conceptual definition of a variable) and the 

operational procedure to measure or manipulate that construct”. In this research, 

the literature review was used to construct a comprehensive understanding to 

develop a solution, therefore, using interview and case study to evaluate the 

findings.  

• Predictive validity: conducting a test to a specific construct, subsequently, 

compare the results with other results obtained at some point in the future (Singh, 

2013). The outcome of the numerical verification of the developed cost 

management system will be validated by the interview method in order to open 

new horizon towards future research. 

4.8.2. Reliability  

The accuracy of the research findings is measured by evaluating the reliability degree 

(Noble and Smith, 2015). According to (Bryman and Bell, 2007), there are three factors 

that are used to measure the reliability of research findings as follows:  

• Internal stability: it represents the correlation between different objects in the 

same test, the reliability is measured through a set of indicators. If these indicators 

show the consistency of the results, therefore, this means that the findings are 

reliable. This factor is used in this research using Cronbach alpha coefficient (CA) 

test (Tavakol and Dennick, 2011). 
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• Stability reliability: in case that the test is conducted several times on the same 

object, the results should be stable and if the time can be considered as a factor to 

change the results, therefore, a corrective factor should be added.  

• Inter-observer consistency: It pertains to the extent to which two or more 

observers are recording behaviour in like manner. 

4.9.ETHICAL CONSIDERATIONS OF THE RESEARCH 

Ethical consideration is an important factor to ensure the integrity of the research, there 

are some ethical parameters that should be considered for the participants (i.e. dignity, 

privacy and confidentiality) (Munhall, 1988).  

This research is conducted according to the ethical requirements to conduct post-graduate 

research at the University of Portsmouth. Given, this research involves a human in its data 

collection process, therefore, an ethical review application was submitted to the faculty 

ethical committee to seek their acceptance before proceeding the data collection. The 

application should include the research background that the gap showed be presented 

clearly here, the research aim and objectives, methods with showing the interrelationship 

with the objectives, all proposed templates of questionnaire and interview. Moreover, the 

application should include the participant sheet and the consent form for each method.  

In this research, the ethical committee of Faculty of Technology has given the research 

as a favourable opinion regarding the proposed ethical considerations (see appendix A). 

4.10. SUMMARY 

This chapter has introduced the research methodology to achieve the research aim and 

objectives, justifications have been presented in relation to each adopted method in the 

research. Moreover, the mechanism to adopt any method within the research is presented 

by showing how the data move from a method to another to achieve the research aim.  
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The next chapter will present the point of departure towards developing the cost 

management framework, the next chapter includes the analysis of the questionnaire to 

confirm the recommended tools from reviewing the literature.   
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CHAPTER FIVE: POINT OF DEPARTURE 

5.1.INTRODUCTION  

Given that the literature review was used to highlight the research gap, build a 

theoretical background for the research components (BIM, IPD, ICT applications and 

cost management process) and analyse the retrieved solutions in terms of each 

component in the research. Accordingly, another method (questionnaire) is used in 

this chapter to define the gap (research problems) from industry practitioners/ 

researcher’s perspectives, as well as, validating the proposed solutions that were 

collected from the literature review to bridge the gap.  

The questionnaire as a survey instrument was employed for two reasons (1) a large 

amount of information can be gathered from a wide range of participants in timely 

manner, (2) The collected data can be quantified using a wide range of statistical 

platforms, therefore, the findings can be compared (Fellows and Liu, 2015).  Most of 

the questions were closed-ended questions due to it is more specific and gives similar 

meanings to the respondents, these questions were developed based on the analysis of 

previous research.  

5.2.RELIABILITY OF DATA  

This questionnaire was sent to unlimited numbers of BIM, IPD adopters/users and 

project managers, due to the respondents should have various knowledge regarding 

BIM, IPD and project management. Given, this questionnaire has been posted on 

LinkedIn and sent to research groups such as CNBR. Therefore, the number of 

questionnaire receivers cannot be determined. The questionnaire was opened for three 

months, the valid received questionnaire was (n=50).  

Given, the reliability is a statistical method that should be utilised to measure the 

validity of the collected data via questionnaire, the reliability test can be implemented 
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in three forms, namely, test-retest, alternate form, and internal consistency (Crowder, 

2017). By reviewing the literature review, the internal consistency reliability is the 

most widely applied technique to test the validity of survey and scales (Streiner, 

2003). The quantitative approach using the SPSS tool was used to assess the reliability 

of the collected data, the outcome was presented as Cronbach alpha coefficient (CA) 

and the range of this coefficient is from 0 to 1 (Tavakol and Dennick, 2011). There 

are specific ranges that indicate different levels of reliability as follows:  

1. CA< 0.6: Bad sample, data cannot be used. 

2. 0.6<CA< 0.7: Acceptable but not good enough for academic research. 

3. 0.7<CA< 0.8: Good, can be used for academic research. 

4. 0.8<CA< 0.95: Excellent, high reliability 

5. CA> 0.95: Fake sample or identical variables 

Table 4 shows the reliability test, the outcome of analysis 18 questions were (0.854), by 

comparing this value with mentioned ranges above, the questionnaire has high reliability. 

This indicates that all the questionnaire’s questions are relevant to the scope of research  

(Field, 2013). 

 

Table 4.the Cronbach alpha coefficient (CA) test for the questionnaire results 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's 

Alpha 

Based on 

Standardize

d Items 

N of 

Items 

.854 .858 18 
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5.3.THE DESCRIPTIVE FINDINGS OF PRIMARY DATA  

The questionnaire was designed as four main sections, the first section is related to the 

respondent information, after that, the research components are explored by three 

sections, namely, BIM-Based cost management process, 4D BIM optimisation and 

automation, BIM-Based IPD approach. 

4.10.1. THE CHARACTERISTICS OF THE PARTICIPANTS  

5.3.1.1.The Profession of Participants  

The questionnaire respondents were selected based on three main categories, namely, the 

current job (role), years of experience and their roles in adopting BIM.  

Figure 14 shows the numbers of participants against their jobs, the total number of 

participants was 50, the most appeared job was the academic staff whether as lecturers or 

researchers by representing 30%, followed by the quantity surveyors that represented by 

20%, the BIM jobs appeared by 16% as BIM managers, technician and BIM modular 

(4D/5D/6D), PhD students represented 10%, project manager (14%),  other jobs appeared 

by (10%) including asset data manager, commercial director, head of digital built 

environment—BIM, digitalising and industry,  and lean consultant.   

 

 

Figure 14.The profession of participants. 
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5.3.1.2.The experience of participants  

A range from less than a year to more than 11 years was given to the participants to 

describe their range of experience. Figure 15 depicts the range of experience of the 

participants,  The majority of participants recorded 1 to 5 years by (36%), their choice 

seems to be reasonable since the BIM just became mandatory applicable in some 

countries such as UK from 2016. The participants who have experience more than 11 

years recorded 10% and most of them come from an academic background. 

 

 

 

 

 

 

5.3.1.3.THE BIM DISCIPLINES FOR PARTICIPANTS   

In order to understand the attitude of participants and their background, a question was 

asked to identify their specif role in using BIM. From the figure 16, the majority of the 

participants are working to adopt the 4D BIM (planning and visualisation) by (46%) and 

5D BIM (cost management) by (20%). This indicates that the management roles represent 

66% and this gives a reliability to all their answers regarding the existing practices of 

4D/5D BIM. There are 10% of respondents are doing more than two roles (i.e. 4D and 

5D BIM). 

Figure 15.Shows the experience ranges of the survey participants. 
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5.3.1.4.THE LEVEL OF BIM IMPLEMENTATION FOR PARTICIPANTS  

Figure 17 shows the levels of adopting BIM in the participant's organisation, this is useful 

in this questionnaire to measure the reliability of the participants’ understandings 

regarding the integration of main BIM dimensions (3D, 4D and 5D), and the integration 

begins to be implemented from level 2. Figure 15 shows the majority of the participants 

are adopting level 2 by 52%, meanwhile, levels 3 and beyond are appeared by 28% since 

most of the academic staff refers that they are adopting these levels either in their research 

or related industrial project. Additionally, BIM adoption without considering specific 

maturity level appeared by 20%. 

Figure 16.The BIM disciplines for participants 
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5.4.THE BIM-BASED COST MANAGEMENT PROCESS  

5.4.1. Cost Management Tools  

Given that the cost structure one of the revealed issues in the IPD cost management 

practices (Roy et al., 2018, Pishdad-Bozorgi and Srivastava, 2018), as well as, BIM is 

highly recommended by both industrial and academic experts to be integrated into the 

IPD process (Rowlinson, 2017, Allison et al., 2018). Therefore, the capabilities of the 5D 

BIM required to be examined to inform the researcher whether it can be implemented 

directly or it requires additional improvements. Figure 18 shows that the majority of 

respondents mentioned that the 5D BIM does not consider the entire cost structure (direct, 

indirect and overhead costs) by 42%, meanwhile 32% agreed that 5D BIM considers all 

cost elements. Additionally, 26% of respondents chose “not sure” answer due to they are 

using other BIM dimensions. Therefore, the 5D BIM process needs to be enhanced and 

strengthened with other tools that their capabilities are proved from reviewing the 

literature. 

Figure 17.The BIM implementation level of the participants’ organisations 
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5.4.2. Overhead Costs in Construction Projects 

Due to the overhead cost is a critical part in the allocation of cost elements among the 

project/organisation parties (Kreuze and Newell, 1994, Kumar and Mahto, 2013), as well 

as, IPD requires more overhead resources to be managed due to the project is usually 

managed by several parties and all of them should participate in the  most of the project 

stages (Allison et al., 2018, Ashcraft, 2012). Figure 19 depicts the chosen overhead 

proportions in the participants organisations or projects. Given, this question requires a 

cost expert who is able to see the overhead cost records whether for the organisations or 

projects, therefore, 32% of respondent said “not sure”, and other gave different answers 

as seen from the figure 19. The results are matched with data collected from the literature 

review that the overhead cost range in construction industry is  from 8 to 12% from the 

total cost (Janani et al., 2015).  

Figure 18.The performance of 5D BIM for cost estimation process  



145 
 

 

A question was asked to the participants to retrieve which method is used to determine 

the overhead costs in their organisation, and according to the literature review, two main 

methods are usually utilised, namely, ABC and RBC. Figure 20 shows that the majority 

of respondents (44%) chose the ABC method, followed by the RBC around 40%, as well 

as, 2% mentioned historical database, mixing between ABC and RBC by 2%, experience 

is appeared by 2%, and finally, 10% said that they do not have idea.  

Figure 19.The proportion of overheard costs for participants’ organisations/projects 

Figure 20.The Method of determining the overhead cost 
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By reviewing the literature review, The IPD requires a method to develop the cost 

structure properly with ensuring that there are no hidden overhead costs in the profit 

(Allison et al., 2018). Additionally, the ABC is proven its capabilities to optimise the 

structure of the cost and this could be a way to revolutionise the cost structure of the 

IPD, therefore, there is a question to see if the professional see as same as retrieved 

from the extant literature. Figure 21 indicates that 46% agreed the ABC is a competent 

method to allocate the overhead costs fairly, however, 36% recorded ‘not sure’ as they 

do not have experience with the ABC.  Meanwhile, 18 % did not agree about this. As 

such, The ABC with some training can be accepted as a way to manage the project 

costs, particularly, if this method can be presented automatically in any platform, the 

users will not have a problem to implement it.  

 

5.4.3. Cost Control Practices in Construction Projects   

Since BIM does not provide a significant improvements in the cost control processes 

(Mitchell, 2012, Smith, 2014a, Lee et al., 2014), therefore, a method should be integrated 

into BIM process to support the BIM-based cost management. By reviewing the literature 

Figure 21.The applicability of Activity Based Costing (ABC) 
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review, the EVM method is proven as a successful technique to conduct the cost control 

tasks (Huang et al., 2014, Cândido et al., 2014, Farok and Garcia, 2015), accordingly, a 

question was asked to appraise the current practices of the EVM in the industry. Table 5 

shows the descriptive statistical indicators regarding the EVM performance to control the 

project costs, the average of responses was 3.56, this indicates that the majority agree and 

satisfy about EVM, however, if it is enhanced, this could increase the user satisfaction. 

The extant literature review refers that the performance of the EVM can be enhanced by 

extending its metrics such as Integrating the EVM into the project risk management 

process to link the output of risk analysis with the EVM metrics (Pajares and Lopez-

Paredes, 2011). Moreover, the reviewing of the literature review indicates that the BIM 

should be integrated properly into the IPD stages for better project delivery. Given, the 

cost management is the scope of this research, therefore, the participants were asked to 

evaluate their satisfaction regarding using BIM to manage the project costs, the average 

of the responses was 3.5, this indicates that they agree about BIM provided a good tools 

to manage project costs, however, there are improvements and more features should be 

added.  

Table 5.The descriptive statistics of the EVM performance and the generic BIM-based 

cost management 

Questions N Range 
Minim

um 

Maxi

mum 
Mean 

Std. 

Deviat

-ion 

Do you agree that 

EVM can facilitate 

the management of 

the project costs 

during the 

construction stage? 

50 3 2 5 3.56 .812 

Please rate current 

BIM-based cost 

management tools. 

50 4 1 5 3.50 1.015 

Valid N (listwise) 50      
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5.5.Evaluation of the Current 4D/5D BIM Integration 

Given that developing the cash flow is the second task of the cost management process, 

therefore, two questions were asked to (1) appraising the applicability of the 4D/5D BIM 

to develop the cash flow curves before the buyout stage, (2) evaluating the existing 

method to integrate 4D/5D BIM before the buyout stage.  The participants in both 

questions recorded mean by (3.56), (3.64) accordingly (see table 6). This indicates that 

the BIM has relatively succeeded to provide project management service, additionally, 

other questions were asked to see how the user satisfaction can be improved as can be 

seen in the next section 5.5.1.   

 

Table 6.The descriptive statistics of the evaluation of the current 4D/5D BIM 

integration 

Questions 

Do you agree that cash flow 

curves are easily formulated 

using 4D/5D BIM? 

Do you agree that the 

integration of 4D and 5D 

BIM is applicable by existing 

methods to draw project 

budget (S curve)? 

N 
Valid 50 50 

Missing 0 0 

Mean 3.56 3.64 

Std. Deviation .884 .749 

Range 3 3 

Minimum 2 2 

Maximum 5 5 

 

5.5.1. PROPOSING ADDITIONAL FEATURES TO IMPROVE THE 

PERFORMANCE OF THE IMPLEMENTATION  

Given that the target of this questionnaire is to confirm the gap that is retrieved from the 

literature review, as well as, seeking for pieces of advice from the experts regarding the 

proposed tools to fill the revealed gaps. As such, two questions were asked regarding 

improving the current BIM-based cash flow management. The first question was to add 
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the overhead activities to the list of activities and the second question was to automate 

the process of developing the S curve. The mean of the responses were 3.8 and 3.92 

respectively. This indicates that they agree regarding these two features and both features 

can be adopted in the framework to enhance the BIM-based cash flow management 

process (see table 7).  

Table 7.Adding features to BIM-based cost management 

 

N Range 
Minim

um 

Maxim

um 
Mean 

Std. 

Deviat

-ion 

Adding the 

overhead activities 

to the list of 

activities to be able 

to measure its 

efficiency  

50 4 1 5 3.80 1.161 

Generating S curve 

automatically 

which includes all 

cost elements 

(Direct, Indirect 

and Overhead 

costs) 

50 4 1 5 3.92 1.122 

Valid N (listwise) 50      

 

5.6.BIM-BASED INTEGRATED PROJECT DELIVERY (IPD) APPROACH 

In this section, a set of questions were asked to the participants, first is to appraise the 

respondents understanding/experiences regarding IPD implementation. Subsequently, 

appraising the existing practices of implementing the IPD and ranking the proposed 

solutions that have been retrieved from reviewing the literature.  
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5.6.1. The Participants’ Experiences with IPD  

Figure 22 shows the scale of the participant’s understandings regarding the IPD concepts 

and processes, around 46% of participants have a high level of understanding, and about 

28 % of the respondents have an average level, this indicates that almost 74% of the 

respondents are capable to respond to the high technical issues of the IPD implementation.  

 

The literature review indicates that the IPD is not widely applied yet, however, it is highly 

recommended. Therefore, figure 23 shows the results from the question regarding 

measuring the implementation status of IPD in the industry, the results can be concluded 

as 24% are already using the IPD approach in their projects, the good indication that other 

22% are planning to adopt IPD and this is matched with the results from analysing the 

literature review, however, 54% of respondents do not use IPD in any of their projects. 

The IPD approach is mainly applied in the US, however, there are other a few projects 

around the world, in this survey, the researcher was keen to find participants who actually 

involved in real implementation of the IPD in order to give credibility to the technical 

questions regarding the deficiencies and capabilities of adopting IPD, particularly, the 

cost management implications.  

Figure 22.The participants’ experiences with IPD 
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5.6.2. Main IPD Barriers Based Cost Management  

By reviewing the literature, There are four main challenges  associated with the IPD based 

cost management. These issues are listed in table 8. The question was to ask participants 

to choose the most critical challenges from their views. The early involvement of all 

participants represented 30% of the answers, followed by Tendering method due to it is 

open pricing by (26%), then the compensation approach by 20%, the last one was The 

allocation of responsibilities and risks are not clear by (18%). Some respondents gave 

others (6 %) which can be concluded as they see all these factors are related to each other 

and all of them should be considered equally to foster the implementation of the IPD. 

Additionally, one of the expert mentioned that “Historical contractual models are often 

dictated by funders, they often seek to use D&B for example, which provides a perceived 

risk offload”, this is also related to the compensation model.  

 

 

 

Figure 23.Measuring the understanding of participants in relation to IPD 
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Table 8.The IPD main barriers 

Please, choose one of the following points to describe what do you believe in 

terms of the main barrier to use IPD? 

 
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

V
al

id
 

Other 3 6.0 6.0 6.0 

Tendering method 

due to it is open 

pricing 

13 26.0 26.0 32.0 

The allocation of 

responsibilities 

and risks are not 

clear 

9 18.0 18.0 50.0 

The 

Compensation 

approach  

(Risk/Reward 

sharing) is not 

matured 

completed 

10 20.0 20.0 70.0 

The early 

involvement for 

all participants 

15 30.0 30.0 100.0 

Total 50 100.0 100.0  

 

 

5.6.3. Adding Features to Foster IPD Implementation  

The analysis of the literature review concluded that there are some capable methods that 

can be integrated/mixed to develop a cost management system that can manage all 

mentioned and revealed gaps in the literature and this survey. Table 9 includes the 

descriptive analysis for 10 questions were asked to evaluate the proposed techniques by 

the expert.  

The questions were asked to measure the applicability of a set of proposed features 

regarding utilising EVM and ABC with adding specific extensions to their mechanism. 



153 
 

Table 9 shows the average of the respondent's responses regarding the proposed 10 

features.  

In terms of the questions are associated with using EVM in integration with ABC to 

develop an IPD compensation approach that considers the overhead costs as a separate 

limb, questions (Q1, Q2,Q8) that listed in the below table 9, these questions pertain to 

using EVM to provide metrics to share risk/reward among IPD patties, the respondents 

acted positively to these questions, the range of responses are from 3.36 to 3.82 with 

considering that the respondents they do not have intensive experience in the IPD chose 

neutral answer.  

 Using ABC to optimise the cost structure to enhance the trust among IPD core team 

members ( Q4,Q6, Q7), the respondents answers were positive and the range of answers 

are from 3.64 to 3.72, experts who has long experience with implementing IPD recorded 

agree and strongly agree to those features. 

Given that the conventional mechanism of developing the project budget does not comply 

with the IPD characteristics, therefore, two features were recommended to be employed 

in the proposed framework, these two features were presented in Q3 and Q4, questions 

propose to use the ABC to provide them by more details in terms of the 

minimum/maximum possible proportions of the profit for each party to enable them make 

the right decision, particularly, during the IPD’s buyout stage. The average range of 

answers were 3.6 and 3.64 respectively, the experts that mentioned they have a high level 

of understandings of IPD recorded agree and strongly agree for both questions.  

There are questions for using ICT to facilitate sharing the information among IPD core 

team members with minimising the human interference to maximise the desired level of 

trust, as well as, developing a tool to enable visualising the EVM metrics, Q5 and Q9 

were asked to participants, the average of their responses were 3.64 and 3.86 respectively.  

Table 9.The proposed solutions to improve cost management practices of the IPD 
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Questions N Range 
Minim

um 

Maxi

mum 
Mean 

Std. 

Deviat

-ion 

1. Integrating EVM into IPD can easily facilitate its implementation 

regarding sharing risk/reward between owner/non-owner parties 
50 4 1 5 3.36 .964 

2. Developing an automated model to show the duo payment for all 

parties based on their achievement against planned values 
50 4 1 5 3.58 .906 

3. Providing a separate cash flow for each participant including the 

proposed proportional cash in based on agree profit at risk 

percentage 

50 3 2 5 3.60 .700 

4. Adopting ABC to develop a list of activities enable getting a 

reliable cash out curve (S curve) by considering (Direct, Indirect, 

and overhead). 

50 3 2 5 3.64 .749 

5. Developing an EVM-based Web report to enable tracking the 

project by all participants as well as easy access by different 

devices 

50 4 1 5 3.64 .942 

6. Utilising ABC in order to identify the different sources of overhead 

cost clearly 
50 4 1 5 3.68 .935 

7. A fair allocation system with clear implementation models can 

enhance implementing IPD. 
50 4 1 5 3.72 .927 

8. Adapting EVM with ABC to identify risk/reward sharing fairly 50 4 1 5 3.82 .896 
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9. Providing an EVM grid to locate the Cost Performance Ratio 

(CPR) and Schedule Performance Ratio (SPR) to determine the 

holistic view of project progress 

50 3 2 5 3.86 .808 

10. Providing a comprehensive framework for cost management within 

the entire IPD stages could increase its implementation and 

minimising the waste in time and resources? 

50 4 1 5 3.98 .820 

Valid N (listwise) 50      
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5.7.SUMMARY  

 

This chapter presented the data analysis of the questionnaire results. Given, the 

questionnaire was designed for two purposes, namely, highlight/confirm the research gap, 

exploring the proposed tools to develop an integrated solution. Therefore, the following 

points summarise the findings of the questionnaire: 

• BIM-based cost management requires improvements regarding enabling it to 

consider all cost structure elements (direct, indirect and overheads); 

• The overhead costs represent a significant proportion of the total cost since almost 

22% of the respondents mentioned that it represents more than 15%, therefore, it 

should be managed properly, Specifically for the IPD approach, any misleading 

allocations of costs can adversely affect the performance of the core team 

members;  

• There is a reasonable level of awareness regarding the proposed methods (EVM 

and ABC), almost 42 % of respondents are using ABC in their estimations and 

this is a positive indication, as well as, there is a positive response regarding 

utilising the EVM in the cost control tasks in the AEC industry, the average of 

responses is 3.56.  

• The majority of respondents adopts BIM level 2 and beyond, this is a good 

indication as this allowed them to response the questions properly, due the BIM 

level 3 and beyond consider the integration of all BIM dimensions. This indicates 

that there is a growing in adopting BIM, hence the integration of BIM and IPD 

will be more workable with developing a detailed methodology to elaborate on 

the mechanism of this integration.  

• Regarding the IPD challenges, all given factors have received a high attention by 

the respondents as they are dependent, particularly, “tendering method due to it is 
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open pricing”, “the allocation of responsibilities and risks are not clear”, “The 

Compensation approach (Risk/Reward sharing) is not matured completed”. All 

these factors are relevant to the existing lack of managing the cost.  

•  All the proposed ten features to enhance the IPD-based cost management process 

have received positive responses since the range of responses were scaled from 

3.36 to 3.98 with noting that respondents who recorded a high level of 

understanding chose scales 4 and 5 to represent their satisfaction regarding the 

proposed solutions.  

• The adoption of ICT features could foster the implementation of the IPD since it 

raises the level of understanding among project parties, subsequently, build a 

trusted environment.  

The next chapter presents the framework development that includes the integration of 

specific tools and methods (ABC and EVM) to develop a cost management process for 

the IPD, the mechanism to manage cost tasks for each IPD stage will be presented and 

linked with each other in an integrated framework. The ICT applications such as web-

based management system and blockchain will be employed to develop tools to share the 

financial data to minimise human interference and accordingly avoid any potential 

conflicts among IPD core team members.  
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CHAPTER SIX: FRAMEWORK DEVELOPMENT  

6.1.INTRODUCTION 

In this chapter, a cost management framework to deal with identified key challenges for 

all processes, namely, estimation, budget and control within IPD approach. The 

framework tackles this issue through presenting analytical aspects, theoretical grounds, 

and practical steps/procedures for integrating Target Value Design (TVD), Activity-

Based Costing (ABC), and Monte Carlo Simulation into the IPD cost structure, within a 

BIM-enabled platform. The cost estimation tools and techniques are designed for multi-

objective, firstly developing a method to predict whole cost at conceptualisation stage 

using Monte Carlo Simulation, thereafter, the 3D BIM model will be accomplished at 

detailed design stage, therefore a distinct cost estimation method is designed to be 

consistent with IPD’s compensation structure which comprises from three limbs, first 

limb is direct and indirect cost, the second limb is overhead cost, literally limb3 represents 

profit at risk percentage. 

Given that the IPD does not include a tender stage to select the optimal bid, therefore, this 

framework presents a methodology framework to develop a cash flow approach using 

BIM tools. As mentioned, ABC is adopted, due to its ability to allocate different costs 

precisely to each construction process. Given that the BIM and IPD target is to achieve 

the best collaboration among project parties, the proposed framework backing this by 

displaying all estimated cost data of each package as minimum/maximum estimated cash 

inflow, during the buyout stage, for informed decision making.   

Regarding the cost control within IPD approach, this research introduces an innovated 

grid that locates the Cost Performance Ratio (CPR), and Schedule Performance Ratio 

(SPR) to determine the project situation in terms of cost and schedule. Furthermore, it 

integrates the EVM-Grid with the ABC estimating method to optimise the cost structure, 
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which is positively reflected in the compensation structure. In addition, it includes models 

that deal with risk/reward sharing through considering new directions to ensure fair 

sharing using ABC sheets and distinguish between the direct and overhead cost saving. 

For the overhead cost, the framework distinguishes between the sustaining or organisation 

level and the project level. Additionally, the EVM-Grid has been developed as a web 

system to allow different participants easily track their project. Moreover, using the DLT 

(blockchain/smart contract technologies) to share the risk/reward sharing values among 

project parties, the framework shows how the transactions should be calculated, as well 

as, the mechanism of developing smart contract based IPD characteristics. The 

framework is divided into four main sections, namely, cost estimation, cost budgeting, 

cost control and risk/reward model and utilising DLT to share and validate the IPD 

financial transactions.   

6.2.COST ESTIMATION BASED IPD STAGES 

Integrated project delivery (IPD) has five pre-construction stages: conceptualisation, 

outline design, detailed design, documentation and buyout (AIA, 2007). The proposed 

cost estimation solution therefore involves tools to manage cost estimation at each of 

these stages, as described next. 

6.2.1. Conceptualisation and Outline Design Stages 

The conceptualisation and outline design stages begin by forming the core project team: 

the owner, the architect, the main contractor and all trade contractors. Given that TVD 

relies on developing the design according to a restricted budget, any change or new 

added element triggers a round of estimation for predicting the total cost. Key decisions 

about the project reflect owner’s requirements, as well as, any design criteria at hand. 

Therefore, a conceptual BIM model – architectural and engineering intentions – is 

created, using an authoring tool (i.e. Autodesk Revit or Graphisoft ArchiCAD). This 
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BIM model is used to obtain indications of the proposed quantities and identities. At 

conceptualisation and outline Design Stages, project information includes much 

uncertainty: consequently, the cost estimation model is presented in the form of a range 

of total costs against the degree of certainty through Monte Carlo Simulation (due to its 

ability to deal with different types of cost data distribution). Once the architect has 

developed the BIM conceptual model, the quantity surveyor must begin to extract the 

quantities and type of the proposed materials/components. A BIM tool, such as 

Autodesk Navisworks, can be employed as follows: 

• Navisworks in XML format, extracts quantities to build the pricing sheet (using 

Microsoft [MS] Excel) and prepare the proposed initial price sheet of materials. 

Given that TVD requires continuous cost estimation feedback, therefore, BoQ 

will be extracted from the BIM model regularly while the design is developing.  

• The quantity surveyor collects the required cost data from the main contractor 

and trade contractors to build statistical samples of the labour and equipment 

required to perform the proposed design elements. These data include the range 

of material prices to draw reliable samples for each BIM design element, and 

allowances of labour and equipment that will be required to execute BIM design 

elements (preferred using analogous estimation (Amos, 2004), as most of project 

parties in IPD join the conceptualisation stage, therefore, the data should be 

easily accessible);  

• The quantity surveyor explores the type of statistical distribution that will be 

compatible with the collected data (normal, beta, etc.);  

• The quantity surveyor identifies each proposed cost element to estimate the total 

value of all distributed costs for all design elements and to enable the simulation 

to run; 
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• When the simulation (Monte Carlo) starts to run, the extracted graphs show the 

total costs for the project and individual items, corresponding to the percentage 

of certainty of the input data.  

6.2.1.1.Formulation of Statistical Model 

In order to determine the proposed total cost, the following equations are applied. Equation 

(1) represents the total cost that must be collected for each design element D to assign the 

package cost for contractor j: 

𝑃𝐶𝐷𝑗 = 𝐼𝑄𝑃 + ∀𝐿𝐵𝑀&𝐸𝐵𝑀                                                                                                         (1) 

where 𝑃𝐶𝐷𝑗 is the proposed cost for the design element D that is proposed to be assigned 

to contractor j; 𝐼𝑄𝑃 is the initial quantity prices for Dj; 𝐿𝐵𝑀&𝐸𝐵𝑀 are the labour and 

equipment price for the best scenario B for the specific material M.  

The statistical model requires a wide range of proposed values to enable a reliable total 

cost to be obtained. Equations (2.1), (2.2) and (2.3) therefore show how the BIM data are 

integrated into a Monte Carlo simulation. These equations rely on using beta distribution; 

however, if a wider range of prices is used, these equations are extended to provide a 

more accurate material cost: 

𝐼𝑄𝑃𝐴𝑉𝑀 = 𝐼𝑄𝐵𝐼𝑀 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑢𝑎𝑙 𝑚𝑜𝑑𝑒𝑙 × 𝑅𝑃𝑀                                                                            (2.1) 

𝐼𝑄𝑃𝑂𝑃𝑀 = 𝐼𝑄𝐵𝐼𝑀 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑢𝑎𝑙 𝑚𝑜𝑑𝑒𝑙 × 𝑂𝑃𝑀                                                                           (2.2) 

𝐼𝑄𝑃𝑃𝑀 = 𝐼𝑄𝐵𝐼𝑀 𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑢𝑎𝑙 𝑚𝑜𝑑𝑒𝑙 × 𝑃𝑃𝑀                                                                              (2.3) 

where 𝐼𝑄𝑃 represents the initial quantity prices for average, optimistic and pessimistic 

values; 𝐼𝑄 is the initial quantities extracted using BIM tools; while 𝑅𝑃𝑀 is the recent price 

for material M; 𝑂𝑃𝑀 is the optimistic price for material M; and 𝑃𝑃𝑀 is the pessimistic 

price for material M. Other costs such as labour and equipment can be easily collected 
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using IPD core team members, drawing upon their early involvement. Equation (2.4) 

shows the formula for calculations:  

∀𝐿𝐵𝑀&𝐸𝐵𝑀 = 𝑈𝑃𝑀 × 𝑇𝑈𝑀                                                                                               (2.4) 

where 𝐿𝐵𝑀&𝐸𝐵𝑀 are the labour and equipment price for the best scenario B for specific 

material M; 𝑈𝑃𝑀 is the unit price for material M; and 𝑇𝑈𝑀 is the total units for material 

M. Equation (2.5) is another version of Equation (2.4) to capture the worst case scenario, 

as follows: 

∀𝐿𝑊𝑀&𝐸𝑊𝑀 = 𝑈𝑃𝑀 × 𝑇𝑈𝑀                                                                                              (2.5) 

Where 𝐿𝑊𝑀&𝐸𝑊𝑀 are the labour and equipment price for the worst case scenario W for 

specific material M. To complete the beta distribution, the average value is determined as 

in Equation (2.6): 

∀𝐿𝐴𝑉𝑀&𝐸𝐴𝑉𝑀 =
(∀𝐿𝐵𝑀&𝐸𝐵𝑀 + ∀𝐿𝑊𝑀&𝐸𝑊𝑀)       

2
                                                     (2.6) 
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Figure 24 shows the interoperability and the process of integrating BIM data into a Monte 

Carlo Simulation to obtain the proposed material cost. Based on the data and using 

analogous cost estimation or expert judgement from core team members, the cost range 

of the statistical model is determined. For example, if core team members agree that three 

values for each cost element are reliable, the distribution is loaded for three probable 

costs. Based on the pre-identified range of costs, the distribution system is selected. The 

three values mentioned above are consistent with beta distribution and the normal 

distribution.  

6.2.1.2.Obtaining Proposed Entire Cost against Certainty Percentages  

At this stage, the model is ready to run. A Monte Carlo Simulation has two important 

features, the first of which is the total cost, corresponding to the degree of certainty. This 

cost range is necessary for developing the business case for the client, based on the TVD 

Figure 24.Cost estimation within conceptualisation and outline design stages 
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system, before moving to the detailed design stage, as recommended by Allison et al. 

(2017). The second feature is the sensitivity analysis chart that presents the degree of 

importance of each project design element. This is vital for supporting decisions 

regarding the use of sensitive elements in the design. Through these features, the 

necessary data are available for making the right decision; therefore, the client can decide 

whether the proposed whole cost is located within the allowable budget. Once the client 

has approved the proposed cost, the project moves to the detailed design stage in which 

another cost estimation strategy is used.  

If the client does not approve the proposed cost, an ongoing negotiation is necessary to 

fulfil the client’s requirements. The sensitivity analysis chart plays a key role here, 

identifying the elements that are sensitive in increasing the cost, and seeking to minimise 

the total cost by targeting these elements.  

6.3.DETAILED DESIGN STAGE  

Detailed design, in which the most significant part of the project information is 

formulated, is the most vital stage of the IPD approach (Allison et al., 2017). In this stage, 

the 3D BIM model is enhanced by adding other dimensions: scheduling (4D BIM) and 

cost (5D BIM). The precise bills of quantities (BoQs) are then extracted using Navisworks 

in XML, with these including various data for each element, such as dimensions, the exact 

place in the project hierarchy, etc. The quantity surveyor next collects the corresponding 

unit price of each element used, in order to move to the documentation stage – with 

adequate information – and to prepare a reliable cost structure.  

6.4.DOCUMENTATION AND BUYOUT STAGES  

As discussed, the IPD cost structure relies on distinguishing all cost elements, which are 

direct, indirect and overhead costs, given that the risks/reward are determined based on 

the rate of achievement of each individual element. To extend this, according to AIA 
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(2007b), the overhead cost represents a separate limb after the direct and indirect limbs, 

and the final limb is the profit-at-risk percentage. The risks/reward are determined based 

on the progress of each individual limb (i.e. whether the progress indicates a cost saving 

or is located as a profit-at-risk percentage). However, if progress indicates that the 

expanded cost exceeds three limbs, the client is responsible only for the direct cost. 

Therefore, as discussed, having a scrutinising costing system is vital for successful IPD 

delivery. 

Here, adopting the ABC approach provides a solution, with each stakeholder involved 

from the conceptualisation stage. Moreover, throughout the first three IPD stages 

(conceptualisation, outline design and detailed design), all stakeholders, even the trade 

contractors, participate in determining the cost of the project. The overhead costs 

represent a significant proportion of the whole project cost, the overhead cost for each 

construction package should be estimated for the activities required to proceed with that 

package. Therefore, the ABC system is able to allocate overhead costs to relevant 

activities to determine the overhead resources for each package. Figure 25 illustrates the 

comparison between the traditional ABC hierarchy levels and the proposed IPD based on 

ABC adapted levels to follow overhead resources within the defined and specific levels. 

As a result, overhead resources required at different levels can be evaluated.  

 

Figure 25.ABC Hierarchy levels: Comparison between traditional delivery operational 

levels (left) and IPD approach (right) 

Organisation-sustaining level  

Project-sustaining level 

Batch-sustaining level 

Daily task level  

Core team level 

Project stage level  

Construction trade package 

Activity level  



166 
 

Overhead costs, such as inspection and quality control as well as cost control reports, 

should be estimated as a set of units that can be allocated as per its proportion of the cost 

driver. This process can generate an accurate cost estimation value for each trade package 

(i.e. civil package, mechanical package, electrical package, etc.). The target cost in the 

IPD payment method is fair for each package/party in the IPD project as some packages 

require a low consumption rate of overhead resources, while for others, a high 

consumption rate of overhead resources is required regardless of their proportion of the 

entire project. Nevertheless, the consumption of this significant proportion of overhead 

costs is needed; thus, it is imperative that these costs be allocated to overhead activity 

consumption.  

6.4.1. Activity-based costing (ABC) estimation sheet 

A proposed coding system is developed to work as a bridge between ABC and BIM tools. 

It includes digital numbers as well as alphabetical letters. According to the adapted ABC 

based IPD levels presented in figure 26, there are four levels will be presented as 010 for 

daily task level, 020 for the package level, 030 for the project stage level, and 040 for the 

IPD core team member. The project package will be identified using the initials of its 

names, for example the daily task level for the general package is 010G.For 

interoperability between ABC and 4D/5D BIM, the task type and code correlation is 

interconnected. Various colours are used to identify the task types, such as the colour red 

for the package level.  
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6.4.2. Formulation of the IPD-based ABC model 

During the buyout stage, each party needs to know the cost structure of the proposed 

works, with Equations (3), (4) and (5) able to be used to determine the total cost of each 

limb. Extracting BoQs using Navisworks is followed by pricing the extracted quantities 

and adding productivity allowances (labour and equipment) to complete the project 

pricing. Equations (3), (4) and (5) are used to categorise the estimated costs into three 

limbs for each package using the proposed coding system, as discussed below. 

Equation (3) shows the structure of Limb 1, including direct and indirect costs, with these 

two terms able to be automatically estimated for each package (participant) through 

extracting costs using the coding system from the ABC sheet (see figure 26).  

𝐿𝐼𝑀𝐵1𝑖𝑗 = ∑(𝐶𝑜𝐷𝐴𝐾𝑗 + 𝐶𝑜𝐼𝐴𝐾𝑗

𝑛

𝑖=1

)                                                                                       (3) 

where 𝐿𝐼𝑀𝐵1𝑖𝑗 represents the direct and indirect costs for trade contractor i to perform 

trade package j; 𝐶𝑜𝐷𝐴𝐾𝑗  represents the cost of direct activity for design element k and 

Figure 26.ABC structure sheet with correlation between 4D/5D BIM 
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trade package j; and 𝐶𝑜𝐼𝐴𝐾𝑗  represents the cost of indirect activity for design element k 

and trade package j. 

Equation (4) shows the structure of Limb 2, representing overhead costs as the summation 

of the number of overhead activities for each package multiplied by the cost driver’s 

estimated costs. For the purpose of automation, all costs can be automatically extracted 

from the ABC sheet (see figure 26). 

𝐿𝐼𝑀𝐵2𝑂𝐴 = ∑(𝑁𝑂𝐴𝑂𝐴 × 𝑀𝑉𝑜𝐶𝐷𝐷𝐴

𝑛

𝑖=1

)                                                                                 (4) 

where 𝐿𝐼𝑀𝐵2𝑂𝐴 represents the overhead costs of specific operation O, such as cost 

control to perform overhead activity A; 𝑁𝑂𝐴𝑂𝐴 represents the summation of the number 

of operations O needs to perform in overhead activity A; and 𝑀𝑉𝑜𝐶𝐷𝐷𝐴 reflects the 

monetary value of cost driver D performing overhead activity A. 

Equation (5) represents the structure of Limb 3, which can be estimated by adding the 

profit-at-risk percentage (P@R%) to the pre-estimated Limbs 1 and 2.  

𝐿𝐼𝑀𝐵3𝑖𝑗 = ∑(𝐿𝑀𝐵2&3𝑖𝑗) × 𝑃@𝑅 %𝑖𝑗

𝑛

𝑖=1

                                                                            (5) 

where 𝐿𝐼𝑀𝐵3𝑖𝑗 is the profit-at-risk percentage for trade contractor i to implement specific 

trade package j; 𝐿𝑀𝐵2&3𝑖𝑗 reflects the total costs for each package assigned to a specific 

party in the buyout stage; and  𝑃@𝑅 %𝑖𝑗 represents the profit-at-risk percentage for trade 

contractor i to implement trade package j. 
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Figure 27.Compensation under the IPD approach using ABC estimation 

 

According to Allison et al. (2017), splitting all overhead resources in a single pool can 

help to avoid waste when some project members implement more work than is required. 

On the other hand, determining overhead resources for a separate limb minimises the 

opportunity to hide a proportion of profit in the overhead percentage (Allison et al., 2017). 

Figure 27 illustrates the structure of the IPD approach based on ABC estimation. As all 

non-owner parties carry the same level of responsibility, the relationships between 

Figure 28.Structure of IPD cost estimation for each party 



170 
 

contractors and other parties are at the same level of inference. Therefore, as illustrated 

in Figure 28, the estimation for each party is individually delivered. 

The IPD approach requires the completion of several tasks prior to the construction stage. 

Figure 29 illustrates these tasks: the cost estimation process within conceptualisation, 

outline and detailed design, and documentation stages; methods and tools to deal with 

various types of data; the amount of cost data to be analysed; the input and output of each 

stage; and the proposed tool to analyse the available data. 
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Figure 29.Cost estimation data flow within IPD pre-construction stages 
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6.5.CASH FLOW BASED IPD CHARACTERISTICS  

This section presents a methodology framework to develop a cash flow approach using 

BIM tools. The development process comprises of proposing an integration methods of 

4D and 5D BIM models with respect of the IPD financial characteristics. Moreover, 

developing mathematical models to determine the minimum/maximum estimated cash 

inflow. Furthermore, proposing a new presentation way of the project cash in/out, 

particularly, during the IPD buyout stage.  

6.5.1. Data Integration (4d/5d BIM) Within IPD Approach  

This part of the research focus on integrating 4D BIM into 5D BIM to prepare the budget 

of the project, namely S curve or cash out. This research adopts a new philosophy to 

manage the relationship between WBS and CBS, because it was found out that most of 

recent research asserts that the lack of integration and homogeneity between hierarchy of 

activities and assembled costs is the main barrier of acquiring a reliable cash out. The 

cash out is defined as Budgeted Cost of Work Scheduled (BCWS). Since this research 

adopts ABC to perform the entire cost management process, therefore BCWS will include 

all project costs (direct, indirect and overhead cost) which will reflect a high level of 

accuracy due to enable project participants to monitor all planned and expanded costs. 

Given, ABC relies on allocating the costs from resources to activities, the project costs 

are already assigned to WBS and this will solve the highlighted gap in the literature 

review regarding the fragmentation between WBS and CBS, which causes wastes in cost 

data and gives unreliable indicators during the construction stage. Given that IPD 

approach has five stages before commencing construction as well as two of these stages 

are to prepare the documentations and forward to buyout stage to reach their consent 

regarding expected cash flow (cash in and cash out), therefore, this part of research 
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focuses on documentation and buyout stage to formulate the model and create a reliable 

cash flow that is consistent with IPD requirements.  

In documentation stage, 4D BIM should be built based on proposed method highlighted 

in the methodology section, such that the list of activities should include all types of 

activities whether direct, indirect and overhead activities in order to enable assigning all 

cost of resources to all activities without losing any data. In other words, when all 

activities absorb all resources, hence the prepared cash out will work effectively whether 

during buyout stage to enable participants to take right decision regarding accepting or 

rejecting the offer, or during construction stage to enable efficient and successful cost 

control, particularly in IPD given that the payment depends on the rate of achievement 

against planned cost and schedule. The quantity surveyor/project manager is responsible 

to prepare a separate cash out (S Curve) to each participant in this stage to move to the 

buyout stage and prepare the cash flow for each party after agreeing on the contractual 

payment clauses (i.e. risk/reward sharing percentage, cost control milestones, etc.). Figure 

30 displays the steps of implementing framework in this stage.  Regarding buyout stage, 

IPD approach does not have a tender stage like other approaches, subsequently, all project 

parties are equally responsible for tender price and the buyout stage is completely ongoing 

negotiation until an agreement is reached among all participants. Based on this reason, 

the buyout stage should start by preparing critical factors regarding payments such as; 

risk/reward percentage, namely: rewards percentage for owner whether cost saving in 

overhead levels or direct cost level, the reward percentage for each non-owner parties, 

the risk sharing percentage for each owner/non-owner parties. Moreover, the project 

milestones should be designed for payment purposes. After accomplishing the payment 

clauses, the quantity surveyor should start preparing the cash-flow curves for each 

participant, however in the developed framework the cash-in is linked to proportional 

equations, not exact values as traditional approaches. Thereafter, the core team members 
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should hold a meeting to display proposed cash flows to all participants, and ongoing 

negotiation will take a place to get the consent from each party to begin the construction 

stage based on proposed cash flow. In case of some participants reject, it means that the 

owner in cooperation with architect should attempt to find another party to perform the 

remaining works without contractor or trade contractors. However, agreed participants 

move to construction stage after attaching the agreed cash flows to contract documents. 

The quantitative models to prepare cash-flow will be presented in next section.  

6.5.2. Formulation of Cash-Flow Model 

The cash-out (CO) for trade contractor i at specific period p, can be determined from the 

following model: 

Figure 30.Data Flow within IPD Approach 
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𝐶𝑂𝑖𝑝 = ∑ 𝐸𝐶𝑜𝐴𝑖𝑗  (𝐿𝐼𝑀𝐵 2)𝑂𝐴                                                                                       (6)
(𝑖,𝑝)

  

Where ECoAij is Estimated Cost of Activities for trade package J which will be executed 

by contractor I. 

While the cost of each activity can be determined as follows: 

𝐸𝐶𝑜𝐴𝑖𝑗 = 𝑀𝐶𝐴𝑃 + 𝐿𝐶𝐴𝑃 + 𝐸𝑞𝐶𝐴𝑃                                                                                           (7) 

Where MCAP is the Material Cost for Activity A when needed for period P, LCAP is the 

Labour Cost for Activity A when needed for period P, EqCAP is the Equipment Cost for 

Activity A when needed for period P.  

After determining the required resources for each activity, the ABC sheet will be filled 

by all cost data. Since ABC sheet is designed to include the Activity cost, not resource 

costing, therefore the inherent lack of integration between CBS and WBS has been sorted 

out in this method.  

As aforementioned, the proposed Cash-in (CI) for trade contractor i at specific period p, 

can be determined as follows: 

𝐶𝐼𝑖𝑝 = ∑  𝐸𝐶𝑜𝐴𝑖𝑗  (𝐿𝐼𝑀𝐵 2)𝑂𝐴 × (1 + 𝑃@𝑅 (𝐿𝐼𝑀𝐵 3)%)                                         (8)(𝑖,𝑝)        

Where P@R is Profit at Risk percentage  

𝐸𝑃𝑖𝑗 = 𝑃@𝑅% × ∑ 𝐸𝐶𝑜𝐴𝑖𝑗                                                                                                     (9)

(𝑖,𝑝)

 

Where EPij is Estimated Profit for trade contractor I which will execute package J 

Since the contractors need indications regarding the expected maximum/minimum cash 

in during the execution stage, therefore the following equations show the calculations of 

EMnCIij and EMCIij. 

𝐸𝑀𝑛𝐶𝐼𝑖𝑗 = ∑ 𝐸𝐶𝑜𝐷𝐴𝑖𝑗

(𝑖,𝑛)

                                                                                                        (10) 

𝐸𝑀𝐶𝐼𝑖𝑗 =    ∑ 𝐸𝐶𝑜𝐴 (𝐿𝐼𝑀𝐵 2)𝑖𝑗 × (1 + 𝐸𝑛𝑡𝑖𝑟𝑒 𝑃@𝑅 (𝐿𝐼𝑀𝐵 3)%)

(𝑖,𝑛)

                       (11) 
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Where EMnCIij is the Estimated Minimum Cash Inflow for trade contractor I which will 

execute package J, while EMCIij is the Estimated Maximum Cash Inflow for trade 

contractor I which will execute package J. 

Therefore, the Maximum Overdraft for trade contractor I which will execute package J, 

(MOij) can be calculated as follow equation 12.  

𝑀𝑂𝑖𝑗 = 𝐸𝑀𝐶𝐼𝑖𝑗 − 𝐸𝑀𝑛𝐶𝐼𝑖𝑗                                                                                                     (12) 

The below figure 31 shows that at each milestone n, the above equations (1 and 2) should 

be implemented for each participant i. the continuous S curve represents LIMB 2 which 

involves direct, indirect and overhead costs, and the periodic curve represents the LIMB2 

plus profit at risk percentage. However, the below figure 31 assumes that the actual spent 

equals the planned, hence each cash-in instalment is located above cash-out curve. 

However, in other cases, such as the actual spent is more than planned and Budgeted Cost 

of Work Performed (BCWP), the movement of two curves will be completely different. 

 

 

 

 

 

 

 

 

  

Figure 31.Proposed cash flow of IPD approach 
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6.5.3. Different IPD cash flow scenarios 

Given that the payment under IPD approach relies on the achievement rate, there are 

different scenarios to address the relationship between cash in and cash out. The following 

scenarios show the most important cases that could take place while implementing IPD.  

(1) Figure 32 - Case 1: Cost has been achieved in accordance with the planned value 

(2) Figure 32 – Case 2: Expended cost is more than planned cost, which means that a 

part of profit at risk percentage has been used to cover the cost overrun issue 

(3) Figure 32 – Case 3: Expended cost exceeded the LIMB 3, which comprises the 

entire cost-plus profit at risk percentage, the cash in and cash out relationship is 

completely different from traditional approach. So that, the client is responsible 

only to pay the direct cost to the contractor 

 

Figure 32.IPD Cash Flow Scenarios 
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6.5.4. BIM-Based Cash Flow 

Since BIM and IPD are interrelated processes to lean construction process, Figure 33 

shows the integration between schedule and cost within IPD approach using BIM 

capabilities. The model is divided into three steps, so that each step focuses on finishing 

the requirements of the following one until accomplishing the fully integrated cash flow 

for all participants. The developed model introduces a comprehensive solution for the 

fragmentation of WBS and CBS within using ABC, which deals with costs and schedule 

through a single hierarchy system. 

 

Figure 33.BIM and IPD Cash Flow Correlation 
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6.6.COST CONTROL AND RISK/REWARD SHARING SYSTEM  

The proposed framework relies on estimating the costs within the IPD approach, based 

on ABC, given the proven capability of ABC in assigning different costs—direct, 

indirect, and overhead. Moreover, the cost estimator will be able to distinguish between 

direct cost of activities and others, through cost controlling tasks, which is vital to ensure 

an appropriate IPD application. EVM is also used to measure project progress. Therefore, 

this framework will adopt EVM in integration with IPD approach, using an ABC-based 

estimation method. 

The compensation structure in IPD depends on distinguishing direct and overhead cost 

such that owners and non-owner parties can manage their activities in accordance with 

achievements in each Limb (as illustrated in Figure 25). Hence, the proposed framework 

involves an innovative risk/reward sharing method through integrating the ABC 

estimation method into EVM controlling technique. Figure 34 demonstrates the 

compensation structure formulation of the proposed framework. The direct and indirect 

costs are determined as a summation of costs of direct activities, and similarly, the 

overhead costs are estimated as a summation of costs of overheard activities for each trade 

package, all from the ABC estimation sheet. The reason behind using ABC for 

articulating the compensation approach is its capability to measure the degree of savings 

for each participant, which accordingly leads to effective and precise computation of the 

risk/reward sharing ratio. Furthermore, the cost saving share for owner differs from the 

non-owner participants given the difference between the cost overhead saving in the 

organisation sustaining level and project level. Thus, the goal of determining the 

participants sharing risk/reward ratio using this approach is to ensure equitable and a more 

applicable approach. 
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 The EVM-grid output is used to measure the project progress (since it represents the cost 

and schedule progress in a single index). The proposed framework will integrate EVM 

and ABC, to articulate three models in dealing with all possible scenarios. Moreover, the 

cost savings’ sharing will adopt a different scheme to distinguish between the overhead 

costs for each participant, through analysing the overhead cost levels, as illustrated in 

Figure 34. 

6.6.1. Implementation Process 

After determining the BCWS, ACWP, and BCWP for controlling milestones, quantity 

surveyors determine the values of CPR and SPR, and enter these values into the grid, as 

positive or negative percentages, to determine the project situation. The EVM-grid 

divides the project into four areas, where each area represents the project situation and is 

distinguished by a specific colour. Through allocating potential project cases on the grid, 

whilst considering X-axis as the schedule and the Y-axis as the cost, each area is then 

divided into small squares around the planned point. The user should determine the value 

of the CPR and SPR and enter them into the grid as positive or negative percentage to 

determine the project situation at each milestone or for each package. Furthermore, the 

quantity surveyor should mark the square in accordance with CPR and SPR percentages, 

Figure 34.Compensation under the IPD approach using ABC estimation 
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to determine the cumulative progress throughout the project execution stages ( a tool will 

be developed in the next chapter to enable estimating CPR and SPR and other EVM 

calculations automatically). Thereafter, the ‘Profit-at-Risk’ percentage will be shared in 

accordance with the output of the developed EVM-Based IPD grid. For instance, if the 

output is 63%, it means that a project is running over the cost and behind the schedule. 

Thus, the profit-at-risk percentage is used to determine if the project is still within Limb-

2 or exceeds it. To determine the overall project situation as well as the limb location, the 

function illustrated in Figure 35 is used.  

 

 

Hence, the proportion for each participant is determined based on the limb location. After 

determining the project progress in accordance with the IPD compensation approach, the 

appropriate model will be applied to share the risk/reward between the core team 

members, as tabulated in Table 10, where EVO represents the EVM grid output. 

Figure 35.Function to assess the overall project situation and the limb location 
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Table 10.Cases summary and required models 

No of 

cases 

Case 

EVM output 

values 

Equation(s) 

1 On cost/schedule EVO =1 

Equations 23 and 24 

(Case 1) 

2 

Ahead of schedule 

and/or cost underrun 

EVO >1 

Equations 21, 22, 23 

and 24 (Case 2) 

3 

Behind schedule 

and/or cost overrun 

EVO<1 Equations 23 (Case 3) 

 

5.1.1. Case 1 

The first case occurs when a project is progressing on the schedule and within the budget. 

Equations 23 and 24 should be used to determine the risk/reward sharing among the 

project participants. 

5.1.2. Case 2 

The second case is the case when the project is progressing ahead of the schedule and 

below the budget. Equations 21 and 22 should be used to determine the cost savings’ 

sharing among the project participants. 

5.1.3. Case 3 

The third is the case of the projects progressing behind the schedule and over the budget. 

It implies that a project is in the crisis area (red zone). In that case, the owner will be 

liable to pay the direct costs only to the non-owner (i.e. constructor and trade contractors), 

as shown in Equation 23. In case the P@R< EVO<1, the project progress is at risk/crisis 

area. However, the profit-at-risk percentage will cover the determined deviation. 
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6.6.1.1.Developing the Risk/Reward Sharing Model Based ABC and EVM 

The proposed models based EVM and ABC to provide the proper risk/reward sharing for 

the aforementioned three cases are presented in equations 13 to 24.  

• Equations 13 shows the Earned Value Outcome (EVO) that represents the 

schedule and cost performances. Meanwhile, Equation 14 is the adjusted EVO 

with considering the P@R% since this shows whether the performance greater or 

less than the P@R%, subsequently, determine the project case. Equation 15 is 

another adjustment to decide whether there is a cost saving (Reward) or not. This 

equation is structured as conditional equation, so that if the Adjusted EVO ≥ 0, 

the results will be the value of the adjusted EVO, otherwise, the value will be zero. 

• After determining the project case, equations 16, 17 and 18 are developed to 

determine the value of achieved reward in the direct and indirect costs, equation 

16 is developed to determine the total value of the reward in case that there is a 

cost saving in the direct and indirect costs. Then equations 17 and 18 are 

developed to calculate the proportions for owner and non-owner parties. The cost 

values of all LIMB (s) are designed according to the cost estimation framework 

based ABC and BIM as shown in section 6.3. 

• Equations 19 and 20 are developed to determine the cost saving for overheard 

costs based ABC sheet. For more details about the cost estimation sheet for 

overhead cost see section 7.2.1. 

• Equations 21 and 22 are developed to calculate the summation of the reward for 

owner and non-owner parties for direct, indirect and overhead costs.  

• Equation 23 is to calculate the reimbursed costs according to the project case, 

therefore, it is designed as a conditional equation according to the EVO4Profit, 
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and two sub-equations are designed to determine the reimbursed costs if the 

EVO4Profit>0 and another if EVO4Profit<0. 

• Equation 24 is developed to determine the profit as a conditional equation 

according to EVO4Profit value against the P@R%, inside this equations, two sub-

equations are developed, one in case that the entire LIMB-1 (Profit) will be paid 

and another in case that a part of it has been consumed as a cost.  

 

𝐸𝑉𝑂
= ([𝐶𝑃𝐼] ∗ [𝑆𝑃𝐼])                                                                                                                      (13) 

Where EVO represents Earned Value Outcome 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐸𝑉𝑂 = [𝑃@𝑅 𝑝𝑒𝑟] − (1 − [𝐸𝑉𝑂])                                                                   (14) 

 

𝐸𝑉𝑂4𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐼𝐼𝑓([𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐸𝑉𝑂] >= 0, [𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐸𝑉𝑂], 0)                              (15) 

Where EVO4Profit is Earned Value Outcome for Profit 

𝑀𝑉 𝑓𝑜𝑟 𝑅 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑟𝑡𝑦 (𝐿𝐼𝑀𝐵 − 1)

= 𝐼𝐼𝑓([𝐸𝑉𝑂4𝑃𝑟𝑜𝑓𝑖𝑡]

> [𝑃@𝑅 𝑝𝑒𝑟], ([𝑃𝐿𝐼𝑀𝐵 − 1] − [𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝐼𝑀𝐵 − 1]), 0)                    (16) 

Where MV for R for each party (LIMB-1) represents Monetary Value for Reward for 

each owner and non-owner parties and LIMB-1 is the direct and indirect cost. 

𝑅𝑒𝑤𝑎𝑟𝑑 𝐹𝑜𝑟 𝑂𝑤𝑛𝑒𝑟 (𝐿𝐼𝑀𝐵 − 1)
= [𝑀𝑉 𝑓𝑜𝑟 𝑅  𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑟𝑡𝑦 (𝐿𝐼𝑀𝐵 − 1)] ∗ [𝑃𝑜𝑂]                          (17) 

 

𝑅𝑒𝑤𝑎𝑟𝑑 𝐹𝑜𝑟 𝑛𝑜𝑛 − 𝑂𝑤𝑛𝑒𝑟 (𝐿𝐼𝑀𝐵 − 1)

= [𝑀𝑉 𝑓𝑜𝑟 𝑅  𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑟𝑡𝑦 (𝐿𝐼𝑀𝐵 − 1)] ∗ [𝑃𝑜𝑁𝑂]                      (18) 

Where PoNO or PoO is The Proportion of sharing cost-saving for Non-Owner Parties/ 

Owner 

𝐶𝑆𝑜𝑂𝐶 𝑓𝑜𝑟 𝑁𝑂

=  ([𝐶𝑆𝑜𝑂𝑂𝐴] + ([𝐶𝑆𝑜𝑂𝑃𝐴] ∗ 𝑁𝑜𝐴𝑅𝑃))                                                (19) 
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𝐶𝑆𝑜𝑂𝐶 𝑓𝑜𝑟 𝑂 =  ([𝐶𝑆𝑜𝑂𝑃𝐴] ∗ [𝑂𝐴𝑅𝑃])                                                                            (20) 

Where CSoOC for NO represents Cost Saving of Overhead Cost for Non-Owner 

parties, CSoOOA represents Cost Saving of Overhead Organisation Activities, 

CSoOPA represents Cost Saving of Overhead Project Activities and NoARP/ OARPis 

the Non-Owner/Owner Agreed Reward Percentage. 

𝑇𝑅4𝑂 = ([𝑅𝑒𝑤𝑎𝑟𝑑 𝐹𝑜𝑟 𝑂𝑤𝑛𝑒𝑟 (𝐿𝐼𝑀𝐵 − 1)] + [𝐶𝑆𝑜𝑂𝐶 𝑓𝑜𝑟 𝑂])                              (21) 

 

𝑇𝑅4𝑁𝑂 = ([𝑅𝑒𝑤𝑎𝑟𝑑 𝐹𝑜𝑟 𝑛𝑜𝑛 − 𝑂𝑤𝑛𝑒𝑟 𝑝𝑎𝑟𝑡𝑖𝑒𝑠 (𝐿𝐼𝑀𝐵 − 1)]

+ [𝐶𝑆𝑜𝑂𝐶 𝑓𝑜𝑟 𝑁𝑂])                                                                                      (22) 

Where TR4O/TR4NO Total Reward for Owner/Non-Owner parties. 

𝑅𝑒𝑖𝑚𝑏𝑢𝑟𝑠𝑖𝑒𝑑 𝐶𝑜𝑠𝑡

= 𝐼𝐼𝑓 ([𝐸𝑉𝑂4𝑃𝑟𝑜𝑓𝑖𝑡]

> 0, ([𝑇𝐶𝑆]

− ([𝑃𝑟𝑜𝑓𝑖𝑡] + [𝑀𝑉 𝑓𝑜𝑟 𝑅 𝑜𝑟 𝑅𝐷 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑟𝑡𝑦 (𝐿𝐼𝑀𝐵 − 1)]

+ [𝐶𝑆𝑜𝑂𝐶 𝑓𝑜𝑟 𝑁𝑂] + [𝐶𝑆𝑜𝑂𝐶 𝑓𝑜𝑟 𝑂])), (([𝑇𝐶𝑆] − [𝑃𝑟𝑜𝑓𝑖𝑡])

+ [𝐷𝐶 𝑎𝑏𝑜𝑣𝑒 𝑇𝐶𝑆]))                                                                                    (23) 

 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐼𝐼𝑓([𝐸𝑉𝑂4𝑃𝑟𝑜𝑓𝑖𝑡] >= [𝑃@𝑅 𝑝𝑒𝑟], [𝐿𝐼𝑀𝐵 − 3], ([𝐸𝑉𝑂4𝑃𝑟𝑜𝑓𝑖𝑡] ∗ 10 ∗

[𝐿𝐼𝑀𝐵 − 3]))                                                                                                                             (24)        

Where TCS represents Total Compensation Structure 



186 
 

Figure 36 displays an example of the EVM-IPD grid, while considering a range of 

positive and negative CPR and SPR values, which depend on the project’s degree of 

complexity and other factors including potential risks and mitigation plans. ON implies 

that the project is on the schedule and budget; OC implies that the project is on the budget; 

OS implies that the project is on the schedule; AS represents ahead of the schedule; BS 

represents behind the schedule; VS represents cost overrun; and UC represents cost 

underrun. 

Figure 36. EVM-Based IPD with considering ABC estimating approach 



187 
 

Figure 37 summarises the framework in the form of a flowchart and provides a 

comprehensive solution for structuring IPD’s compensation approach. Furthermore, it 

offers an easy method to manage the IPD compensation structure under different 

circumstances, while considering different participants organisational needs in terms of 

risk or reward sharing. This has been achieved by integrating ABC into IPD while using 

EVM technique. 
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Figure 37.EVM-based IPD approach implementation flowchart 
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6.7.THE FRAMEWORK TASKS OVER IPD STAGES 

Figure 38 summarises the tasks of cost management based CCMS framework, this figure 

works as a map to direct the potential users of the framework and the tools that will be 

developed such as the web-based management system to implement all tasks efficintly.  
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Figure 38.The summary of the framework tasks over the IPD stages 
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6.8.USING DLT TO SHARE AND VALIDATE THE RISK/REWARD SHARING 

DATA  

This framework is developed to work whether as an independent solution to share 

risk/reward values among IPD core team members or receiving the data from the 

proposed CCMS framework and deploy it into the blockchain network. Therefore, the 

framework here is designed separately with sowing how the three transaction 

(Reimbursed costs, Profit and cost saving) should be calculated under different cases—

Scenarios.  

The framework is divided into three main sections – following the three main phases of 

IPD, as discussed. The first section focuses on preparing the BCN before deploying it, 

this should be implemented throughout the IPD pre-construction stage. The second 

section is about developing a mechanism to manage all IPD transactions within the – IPD 

– construction stage, as well as, enabling parties who finished their agreed works at early 

stages of the project timeline to follow other contractors without the necessity to attend 

all meetings (see Figure 39). The third section, the close out stage, is different from 

traditional approaches in terms of determining the owed profit proportions for owners and 

non-owner parties.  

This section of the framework is designed to integrate the triple processes of IPD, 

blockchain and BIM in visualising the flow of information. As for BIM, the framework 

provides the details of what BIM dimensions are utilised. This is to provide information 

that feeds the proposed IPD-blockchain system – using 4D to inform the payment 

schedule for all IPD core team members and 5D to provide cost data (see Figures 39). 

Figure 39 shows the entire process of implementing permissioned blockchain, the 

hyperledger-fabric with the IPD stages. Every stage of IPD includes different types of 
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information and different tasks. Therefore, the framework aims at enabling potential users 

to implement it easily. It can be used to inform users of the input and outcome of each 

IPD stage, along with the progress of developing or utilising the blockchain network. 

Given each set of IPD stages have different levels of information and distinct 

characteristics, therefore, the BCN should be developed and used according to the 

characteristics of IPD stages, as follows.  

6.8.1. Conceptualisation to Buyout  

There are three major sections that form this stage. First, building the network 

components; each party in the IPD core team represents a peer node in the blockchain 

network. This peer node will carry its own ledgers in the deploying stage, as well as, other 

two peers: one to represent the ordering peer, while another peer is called orderer peer. 

Second, the endorsement policy that includes the path of transaction from one party to 

others for endorsing transactions: defining whom should endorse transactions proposed 

by one of the parties. This requires developing mathematical equations to enable 

determining the value of each transaction and proposing new terms in consistency with 

the blockchain technology. The third section covers the ordering policies, concerning the 

path of the transactions to be recorded in which peer (project party) through a channel.  

Core team members in IPD should have the same level of information/details, therefore, 

any transaction by non-owner parties (including contractors, and consultant team) should 

be endorsed by the owner and consultant peers. Given that not all contractors finish their 

tasks at the same time, the time stamp is a part of the endorsement policy. Each contractor 

is limited to act in a specific period, extracted from the project timeline (4D BIM). Any 

proposed transaction sent – by a contractor – beyond the ranges specified will invalid. 

The compensation approach of IPD relies on reimbursing all the cost below the specified 

profit at risk percentage (limb 3). This value will be coded for each party individually, so 
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that no party can exceed. Following Equation 1 shows how the IPD reimbursed costs are 

calculated.  

𝑅𝑀𝑉𝑜𝑇𝑖 = ∑ 𝐿𝑖𝑚𝑏𝑠 (1,2 𝑎𝑛𝑑 3)   ≤ 𝑃𝑀𝑉𝑜𝐿𝑖𝑚𝑏𝑠                                                       (24) 

Where RMVoTi is the reimbursed monetary value of transaction for contractor I, and 

PMVoLimbs is the planned monetary value of limbs for contractor I. 

Other transactions must be also invoked by any non-owner party, these transactions 

should be profit/risks values and the achieved cost saving value.  Equations 25 and 26 

show the calculation mechanism of these two transactions when the total planned value 

of the compensation structure is greater than reimbursed costs.  

𝑇2𝑝 = 𝑃𝑀𝑉𝑜𝐿𝑖𝑚𝑏𝑠 − 𝑅𝑀𝑉𝑜𝑇1 = {

(+)𝑃𝑟𝑜𝑓𝑖𝑡 
(+)(𝑃𝑟𝑜𝑓𝑖𝑡 + 𝐶𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔)

(−)𝑀𝑜𝑛𝑒𝑡𝑎𝑟𝑦 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑟𝑖𝑠𝑘𝑠

                          (25)                                                                        

𝑇3𝐶𝑆 = 𝑇2𝑝 − 𝐿𝑖𝑚𝑏3                                                                                                                 (26) 

Where T2P
 is the second transaction for the profit values and the T3cs is the third 

transaction for the cost saving values.  

In case that the value of RMVoTi exceeds that of PMVoLimbs, the non-owner party 

should split the value into two transactions, Equation 27 presents the reimbursed costs as 

the whole compensation structure.  

𝑇1𝑅 = 𝑃𝑀𝑉𝑜𝐿𝑖𝑚𝑏𝑠                                                                                                                  (27)  

Another transaction (T2R) should be implemented by the same contractor (i) and endorsed 

by the client, as it represents the direct costs of all works exceeding the planned values 

(see Equation (28)). 

𝑇2𝑅 = ∑ 𝐷𝐶𝐴𝐿𝑖𝑚𝑏3                                                                                                               (28) 
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The value of transaction 2R should be assigned to all other peer nodes that carry stamp, 

which identify the trigger of the transaction and the time.  

The interrelationships among project parties on the blockchain network should be drawn 

to identify the endorsement path. The proposed framework assumes that the owner is 

committed to endorse any transaction invoked by any non-owner party. For mistakes in 

any previous transaction by the client, the client can invoke a retrieved payment to receive 

money back – should be endorsed only by the payer non-owner party.  

The IPD smart contract should include specific functions to record the proposed financial 

transactions presented in this section. There are three IPD financial functions to be coded: 

(1) reimbursed costs pool, (2) profit pool, (3) cost saving pool. Each function should 

include identifier parameters like sender, value, milestone and the trade package. Given 

that IPD agreement accepts adding new members anytime during the project stages, the 

smart contract can include a function for this purpose with specific parameters like the 

name, trade package and contacts. In order to maximise the transparency and security for 

IPD parties, the profit pool can be capped by a certain monetary value for each milestone, 

as well as accumulatively. The profit thus will be checked/endorsed automatically for any 

new transaction.  

Ordering the process presents a main part of the hyperledger fabric network component. 

In the IPD context, the ordering policy refers to managing and controlling the 

relationships among project parties. That is, the movement of endorsed transactions 

should be pre-identified through nominating the channel for transferring the transaction 

data.  

The ordering process in the present study is designed to follow the sequence of project 

timeline, as well as, the distinguished relationships among IPD project team members. To 

extend IPD characteristics in sharing all acquired data to all participants, the genotype of 
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each transaction should show: (1) the transaction number (i.e. 1, 2, etc.); (2) who the 

respondent is (owner and non-owner parties); (3) the endorsement status (which peer has 

accepted the transaction) – based on who has invoked the transaction, the endorsement 

policy defines which peers should endorse the transaction (see Figure 39).  

In each payment milestone, all non-owner parties who are supposed to implement works 

based on the project timeline (4D BIM) should invoke three transactions according to the 

agreed endorsement policy. Once all the invoked transactions have been indorsed, the 

total reimbursed cost transaction should be gathered in a block (i.e. block 1 for the May 

payment milestone). Accordingly, this block should be shared with all parties’ peers 

through a channel. Subsequently, the other two transactions that carry the profit and cost 

saving should be transferred to all parties’ peers, to make sure all IPD core team members 

have the same amount of information that enables them to make the needed decision (see 

Figure 39). Therefore, any IPD project requires two main channels: the main channel to 

transfer the transactions among all parties and another individual channel among all non-

owner parties and the owner, in case an error is revealed, so that the adverse transaction 

should be invoked by the owner to restore the amount paid.  
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Figure 39.The framework: IPD-based hyperledger fabric 

6.8.2. Construction Stage (Processing and Reflection)  

The processing of a transaction in hyperledger fabric includes four major stages. These 

stages are tailored to fit into the BIM and IPD contexts. Therefore, all needed information 

from BIM models are identified, considering the characteristics of IPD. In addition, the 

related tasks with hyperledger fabric are also presented. These four stages are described 

below and highlighted in figure two using numerical indications from 1 to 5. 
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• Send a transaction proposal to specific peer nodes: according to the project 

timeline (4D BIM), non-owner parties who implemented works should initiate 

request transactions using an Application programming interface (API) to invoke 

the chaincode function. The framework relies on IBM blockchain and the IBM 

cloud offers API screen that can manage the blockchain network nodes, channels 

and peers. Every network member can use this API screen to log in and invoke 

any function to record new data in the hyperledger. As stated in the endorsement 

policy, the transaction should be sent for endorsement to other pre-identified peers 

(see Figure 39, processing and reflection sections). 

• Endorsing proposed transactions: all transactions should meet the mentioned 

endorsement policies like the maximum value of each transaction and the planned 

time to invoke the transaction (see Figure 39, processing and reflection sections). 

Once a transaction has been endorsed, it returns back to the transaction sender to 

begin the ordering process. 

• Ordering endorsed transaction: all endorsed transactions should be transferred to 

the ordering peer node for their signature to be double checked. Subsequently, 

transactions will be ordered chronologically. That is, there is an interrelationship 

between the transactions, as there is a precedence for each transaction, as planned 

in the 4D BIM) based on the agreed upon ordering policy in the pre-deployment 

stage. The architecture of chaincode hence represents the number of transactions, 

respondent, endorser (i.e. T1, Consultant, Owner) (see figure 39, processing and 

reflection sections). Accordingly, based on the timestamp, the transactions will be 

packaged into a block, to be sent to peers for commitment. The architecture of 

chaincode for the proposed three transactions (reimbursed costs, profit and cost 

saving) should be arranged, as illustrated in Figure 40, coded as function 

parameters in the IPD smart contract.   
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• Committing transaction: all ordered and packaged transactions should be 

broadcasting to pre-identified peer nodes in ordering policy as stated in figure 39 

(processing and reflection sections). For illustration, all ordered transactions 

proposed by non-owner parties should be broadcasting to all peer nodes through 

a channel using API. Additionally, the transaction that comes from the owner 

party in order to correct any revealed issue in previous financial statement 

(adverse transaction) should be transferred to all peers (project parties), to make 

them aware of any change in the final statements of the three main IPD 

transactions.  

6.8.3. The Close-Out Stage  

At each milestone, the same process should be repeated, however, the accumulative value 

of project profit should be checked through the ordering service. All profit transactions 

for each milestone should be gathered in a ledger, hence the profit node (profit pool) 

includes a bundle of ledgers. The summation of the profit requested by all non-owner 

parties should be presented in the ledger. Each profit ledger must be linked to the previous 

one to achieve the conditions, as formulated in Equation 29. 

𝑉𝐴𝑃𝑇 = ∑ 𝐴𝑉𝑜𝑃𝑇(𝐿𝑛,𝑃𝑛) ≤ 𝑃𝐿𝑖𝑚𝑏3(𝑀𝑛,𝐿𝑛)                                                              (29) 

Figure 40.The architecture of the IPD-based smart contract transaction 
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Where VAP is the valid accumulative profit transaction, AVoPT (Ln, Pn) is the 

accumulative value of profit transactions, stated in Ledger (n) for Party (p), PLimb3 (Mn, 

Ln) is the planned monetary value of limb 3 for payment milestone (n), stated in ledger 

(n). As discussed, IPD supports sustainable relationships among owner and non-owner 

parties. Accordingly, a financial evaluation for all parties should be retrieved from the 

hyperledger-fabric network, with evaluation parameters as presented in Equation 30.  

𝑓(𝐴𝐹𝑃𝑖𝑗)

= {

𝐶 = 𝐴𝑅𝐶𝑖𝑗 − 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐿𝑖𝑚𝑏𝑠 (1& 2)                             (−) =  𝐶 ≥ 0             

𝑃 = 𝐴𝑃𝑃𝑖𝑗 − 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐿𝑖𝑚𝑏 3                                 𝑃 ≤ 0

𝐶𝑆 = 𝐴𝐶𝑆𝑖𝑗/𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐿𝑖𝑚𝑏𝑠 (1& 2)                            𝐶𝑆 ≥ 0

      (30) 

Where C represents the paid cost, AFPij is the accumulative financial parameters for party 

(i) that is appointed to implement trade package (j) (£), P represents the profit parameter, 

ARCij is the accumulative reimbursed cost (£), APPij is the accumulative planned profit 

(£) CS represents the cost saving and ACSij is the accumulative cost saving (£).  

As discussed, three parameters can articulate a performance indicator for the entire IPD 

financial progress. Table 11 illustrates how these parameters can be understood by core 

team members in IPD.  

Table 11.The evaluation of financial parameters during the IPD close-out stage 

Parameter Value Indication 

C 

Zero 
The package has been implemented as planned 

and no cost saving has been achieved.  

(+) 
A cost overrun has occurred and part of the 

profit proportion has been consumed. 

(-) 
A cost saving has occurred equal to the 

estimated value from this parameter.  

P 

Zero The estimated profit is achieved. 

(-)  
A cost overrun has occurred and a proportion of 

the profit has been consumed as a cost.  

CS Zero 
No cost saving has been achieved. This case is 

accompanied by the C equals zero parameter. 
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>Zero 

A cost underrun has been achieved and the 

profit percentage has been completely 

achieved.  

Note: C = cost; CS = cost saving; P = profit 

Therefore, an inquiry function is needed to be coded in the IPD smart contract to support 

collecting the needed information to undertake the proposed financial evaluation.  

6.8.4. Interoperability among BIM, IPD and Blockchain 

Figure 41 depicts the interrelationships between BIM tools and the chaincode hyperledger 

fabric within the IPD implementation stages. During the IPD pre-construction stages, 

particulary documentation and buyout stages, BIM dimensions (3D, 4D (Scheduling) and 

5D (Cost)) provide the needed information to develop the chaincode system. The needed 

information from BIM should be the dates of starting and finishing each trade package, 

in order to be coded in endoresement and ordering policies, the total cost for each package 

and maximum estimated profits for each non-owner party to be used in validiting the 

profit transactions per paymemt mnilestones and accumulativly at further milestones (see 

Figure 39). Simulationsly, the chaincode hyperledger fabric should be designed using the 

data provided from the BIM data, such as defining numbers of peers (peer per party), and 

the required functions to be written in IPD’s smart contract format, as discussed next.  
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As 

shown in Figure 41, once the construction stage begins the non-owner parties who 

implemented works should invoke smart contract functions by reterived values. This is 

from the 5D BIM (i.e. the spent financial resources to implement the agreed works, 

counting the remaining profit-at-risk percentage based on agreed values in the IPD buyout 

stage and determining whether there is achieved cost saving or not) through API. This 

process will be repetitive to reach the close out stage. Since all risks/reward should be 

shared during the close out stage, all parties can request the net amount of total profit, 

cost saving and the reimbuiresed costs. Subsequently, based on the agreed risk/reward 

proportions during the buyout stages, each party can get the owed proportion in each term 

– profit, cost saving and risks (Ashcraft, 2012, Teng et al., 2017). Then comes assessing 

the performance of each party, according to the achieved profit compared to the planned 

profit, using 5D BIM.  

In contrast to the traditional accounting systems that record owed profit, cost saving and 

profits for each party, the chaincode hyperledger fabric prevents any party to amend 

Figure 41.The interoperability among BIM, IPD and the chaincode system 



202 
 

achieved percentages. Particularly, some parties leave construction site at early stages 

because their trade packages are scheduled to be finished at the these stages, therefore, 

they cannot track the progress in the site. This may create lack of trust among IPD core 

team members.  

6.9.SUMMARY  

This framework presented a comprehensive cost management solution for the IPD 

approach, the developed framework can be concluded as follows: 

• The research introduced an innovative way for cost estimation, therefore, the 

estimation methods have been developed to be matched with IPD’s 

characteristics. Since the early decision is vital to ensure successful management 

of IPD, the developed framework includes a model for an early estimation by 

exploiting the IPD’s early involvement of all participants in order to collect 

reliable historical data and using these data to build a statistical model. The built 

model will be analysed by Monte Carlo Simulation in order to obtain the entire 

cost against a degree of certainty of the used cost data. The framework 

revolutionised the IPD cost structure through enhancing the overhead costs 

allocation, as well as, supporting the automation process of estimation.  

• The framework presented a methodology framework to develop a cash flow 

approach using BIM tools. The framework adopts ABC, due to its ability to 

allocate different costs precisely to each construction process. Given that the BIM 

and IPD is recommended to achieve the best collaboration among project parties, 

the proposed framework proposed a detailed mechanism of integrating BIM 

tools/methods into the IPD stages.  

• For the cost control and sharing risk/reward values among IPD core team 

members, the proposed model can provide accurate values of the three main  
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transactions (profit, cost saving and reimbursed costs) for the IPD approach. As, 

well as, the proposed model considered adopting BIM under the IPD approach. 

For the sharing in the cost savings, which represents as a significant barrier in 

implementing IPD, it managed this issue through adopting ABC estimation 

method that enables distinguishing different types of activities within the project 

organisation hierarchy and thus differentiating between the overhead sustaining 

level and project level. In the case of sharing of overhead cost saving for overhead 

resources, the source of this saving will be determined, which will minimise the 

conflicts among all stakeholders. Furthermore, the research presented an EVM-

Web grid that will enhance the collaboration among all stakeholders and increase 

the trust among project participants since the all processes will be automatically 

implemented with a minimal human interference.  

• As the first of its kind, the blockchain technology is adopted in the present study, 

in developing a framework to propose utilising the blockchain technology in 

delivering IPD-based projects. The outcome enables IPD’s core team members to 

execute all financial transactions automatically, through coding IPD’s three main 

transactions – reimbursed costs, profit and cost saving – as functions of the IPD’s 

smart contract. 

The next chapter shows how the proposed tools in this framework such as the web-based 

management system including the EVM-grid and the automated financial system, as well 

as, the CCMS database are developed. The applicability of these tools will be validated 

using an illustrative case study.  
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CHAPTER SEVEN: PROTOTYPE DEVELOPMENT AND VALIDATION 

7.1.INTRODUCTION  

This chapter presents the development of the proposed tools in the framework, these tools 

help to implement the cost management process of the IPD approach according to the 

concepts of the framework. In order to validate the proposed tools in the framework, a 

prototypes is developed, which comprises of (1) an automated database system whether 

offline or online, (2) An EVM-grid for cost control visualisation, (3) interactive web-

based management system. Moreover, developing a blockchain network and smart 

contract to test the proposed processes in the framework. An illustrative case study is also 

presented in this chapter to enable measuring the capacity, validity and reliability of the 

developed tools through applying multiple scenarios and compare the results.  

7.2.PROTOTYPE DEVELOPMENT  

The proposed tools to develop an IPD automated cost management system will be 

developed in this chapter as a prototype in accordance with the framework. The prototype 

is divided into two sections, the centralised system and the decentralised system to cover 

all proposed tools in the framework.  

7.2.1. Centralised Cost Management System (CCMS) for IPD 

The CCMS includes specific tools according to the IPD stage, as follows.  

• Developing a cost estimation environment to fulfil the proposed estimation 

process in the framework section, this will be implemented using BIM 4D/5D 

platforms in integration with MS Access to build integrated tables and using 

Macros to automate the process.  
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• Using MS Excel to develop the proposed EVM-Grid (Coloured indications) to 

show the EVO data, the process will be automated using Macros to facilitate its 

implementation.  

• Developing a web-based management system, this web will be the interface to 

visualise all the data automatically once it has been updated in the database 

(Access database). The main purpose of this web is to show the status of the 

project parties regarding their financial progress including the reimbursed costs, 

profits and cost-saving.  

7.2.1.1.Developing a Database System for the CCMS 

Figure 42 shows the tables that have been designed to show the data in specific sets, The 

output of 5D BIM will provide the LIMB-1 (Direct and indirect costs), see table-1 in 

figure 42, meanwhile, the proposed table to develop the overhead costs based ABC 

method is designed in three tables (see tables 2-A, 2-B and 2-C in figure 42), the 

calculations of the needed overhead resources will be executed using table 2-A, 

subsequently, the value of the overhead driver for each operation will be executed using 

table 2-B, finally, the ABC sheet is designed as can be seen in table 2-C to include all 

overhead activities for each package and trade contractor.  

In order to facilitate filling and searching into these database, codes are designed to 

facilitate collecting data during the construction stage, the LIMB-2 will be automatically 

calculated for each party (i.e. General package) and for the entire project through 

programming the proposed equations in the framework (Equation 4).  Subsequently, the 

IPD compensation structure is presented in a table entitled Package costs that includes 

the values of each limb for each party in the project ( see table 3, figure 42).Given that 

LIMB-3 represents the Profit-at-Risk percentage, therefore, this limb will be 

automatically calculated by adding the equation 5 as an expression in the table design.  
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Since the framework includes a new way to present the data to enable parties making the 

decisions during the buyout stage whether continuing in the project before the 

construction stage or rejecting the offer. The data for two main metrics (EMnCI and 

EMCI) is sorted in a table, these data will be calculated automatically through linking the 

table with “Project Package Costs” and “Contract Financial Terms”, subsequently, and 

the maximum overdraft for each project party will be automatically calculated (see figure 

42, table 4).  

During the construction stage, the developed risk/reward sharing model (Equations 13 to 

24) will be used to provide the three main financial transactions for each party 

(reimbursed cost, cost-saving for both overhead and direct cost, profit values), a table is 

developed and it is linked with the cost estimation and budgeting database, the developed 

risk/reward model is coded as expressions in this table to enable the automation in 

calculating the profit, cost-saving and reimbursed costs, this table is entitled “Financial 

report”, see table 5 in figure 42. Moreover, the output of the developed EVM-Grid such 

as “The generic case of the project” should be also presented. 
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Figure 42.The Database structure of the CCMS 
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7.2.1.1.1. The Structure of the Tables  

Figure 43 shows the structure of the tables that were designed to show how the 

cost/financial data is sorted, for example, the output of 5D BIM will provide the LIMB 1 

—Direct and indirect costs— See table 1, in figure 43. The proposed table to develop the 

overhead costs based ABC method is designed using automatic codes to facilitate 

collecting data during the construction stage, the LIMB-2 will be automatically calculated 

for each party (i.e. General package) and for the entire project  (see table 2 in figure 43). 

Given, LIMB-3 represents the Profit-at-Risk percentage, therefore, another table is 

designed to include the agreed financial terms during the buyout stage and it is linked 

with the project costs table to automate the calculation of LIMB-3 ( see table 3 in figure 

43). The structure of the financial report is also presented in figure 43, table 4. 
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Figure 43.The structure of the database tables of the CCMS 
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7.2.1.1.2. Developing Data Entry Forms  

In order to facilitate the data entry for potential users, a set of forms is designed, for all 

main database as shown in the figure 44, for the five main tasks, namely, Limb-1 (Direct 

and indirect costs), ABC sheet (LIMB-2), Compensation Structure, budget metrics and 

financial report. Figure 44 depicts the data entry forms for all table to make it user-

friendly, as well as, it is featured by a button to print all data in case that the party wants 

to get the data from the server not from the web interface. The user can only fill the 

required terms to determine the outcome automatically, for example, in the financial 

report, only the terms of CPI, SPI, Project compensation structure and contractual terms 

should be filled and automatically the risk/reward values for owner/non-owner parties 

will be calculated automatically on the table (see table 5 in figure 44). Similarly, all tables 

are designed by the same way to minimise the human interference in the calculations, 

which maximise the trust among project team members. The calculations are executed 

according to the developed mathematical equations for cost estimation, budgeting and 

risk/reward sharing based EVM outcome as proposed in the framework.  

Table 1 in figure 44 includes the cost data from the 5D BIM—LIMB-1— (i.e. the 

Autodesk Navisworks platform is utilised to export the automated BoQ as XML, then 

adding the prices allowances to develop the cost of material, other costs such as 

equipment and labour is determined using automated spreadsheet after importing the 

needed data from the 4D/5D BIM model). The limb-2 should be ready from table 2 in 

figure 44. LIMB 3 will be calculated through retrieving the P@R% from a designed table 

in the database (see figure 43). Then the compensation structure will be calculated 

automatically after the three LIMB(s) are calculated, see table 3 in figure 44. 

Tables 4 and 5 in the figure 44 shows the cost budget and the financial report forms. It 

can be seen that from table 4 in figure 44, the EMnCI and EMCI should be entered after 
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developing them using the proposed model (Equations 10, 11 and 12), and the maximum 

overdraft will be calculated automatically. Moreover, Table 5 in figure 44 shows the cells 

that should be entered in order to determine the three main financial transactions (Profit, 

cost saving and reimbursed costs). 
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Figure 44.The entry form of the CCMS 
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7.2.1.1.3. The Home Page of the CCMS  

Given that the user interface enables users to find the needed tool easily, therefore, a user 

interface is developed and automated using a Macro for the process of each task, set of 

messages have been added to direct the user regarding the next step, see figures 45 and 

46. A sample of a written micro for the ABC sheet is shown in figure 46. the micro 

includes three main processes, (1) open the form to enable recording the data, (2) Auto-

Save for all inserted data, (3) displaying a message to show what you have done and the 

next step that should be proceeded, this will help the user, particularly as the IPD based 

cost management process is still not widely familiar. 

 

 

 

 

 

 

 

  

 

Figure 45.The user interface of the CCMS 

Figure 46.Snapshot of the Macro and a sample of added message to direct the users 
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7.2.2. Developing an Interactive Web Interface to Display the Project Data —

CCMS4IPD. 

The web-based management system is developed as six pages as seen in figure 47,  home 

page includes information about the purpose and the mechanism of this platform, “about” 

page is designed to include information from the framework to show how the cost 

estimation, budgeting and control tasks are executed in the CCMS, this explanation is 

provided to guide IPD core team members, therefore, a source of knowledge about all the 

cost management tasks including the proposed risk/reward models are presented to 

increase the transparency and the trust among the IPD core team members.  

Given that the IPD core team members can be increased such as adding new members 

while the project is progressing and other members could finish their works at an early 

stage in the construction phase, therefore, the profile of all members should be updated 

to facilitate the contact among project parties (see figure 47 ). Moreover, this will be a 

source of knowledge for the future collaboration since building a sustainable relationships 

is one of the objectives to adopt the IPD approach. The mentioned three pages are not 

functional pages, however, they are designed to help the users.    
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Figure 47.The CCMS4IPD non-data pages 
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7.2.2.1.Develop an Online Database for the CCMS4IPD 

The developed database in the Microsoft Access should be linked with an online server 

in order to share these data as a set of web pages. Similar to the database structure in the 

access database (see figure 48), the similar structure is presented on the online database 

as seen in figure 42. Six tables are presented in figure 48, these tables represents three 

main processes (Cost estimation, budgeting and risk/reward sharing), these database will 

be only updated according to the database in the server, this means that there are no any 

relationships or calculated fields in the online database, it is a platform to reflect the 

database in the system.  

 

Figure 48.The structure of the CCMS4IPD based web system 
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These tables are converted as web pages in order to be embedded in the proposed web 

system to enable project parties to access to the data anytime with ensuring a high level 

of security through hiding these data from any person who does not have the 

authentication information, see figure 49. 

  

 

 

 

 

 

 

Figure 49.The database tables and web-pages 
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7.2.2.2.Functional Pages of the CCMS4IPD  

There are three functional pages to display and manage the cost management data 

including cost estimation, budget and the risk/reward for each party based the EVM 

outcome. The data is stored on a server (MS Access database, see figures 42 and 43) and 

it is linked as web pages through using a platform called (Casipo), then the data is 

embedded as HTML into the web page, this enables the automated update for all data 

without any human interference.  

7.2.2.2.1. Cost Estimation and Budgeting Page-Based IPD  

Figure 50 shows a snapshot of the compensation structure that presented in three forms, 

namely, Limb-1, ABC sheet (Limb-2), Limb-3 (P@R%). The web page is designed to 

enable searching in the database using different parameters such as the construction 

package for Limb-1, the code and project parties for Limb-2, the project parties for the 

Limb-3. This will enable all parties to get the data they want in a quick and organised 

way, regardless of their attendance to the regular IPD core team members meeting, as 

well as, the readability of the data is considered to allow any party from various 

background to understand the structure of the data. In order to ensure the privacy and 

credential to such sensitive data like cost/financial data, authentication information 

(Username and password) is required before displaying any data (See figure 50), the 

usernames and passwords will be similar to all members and will be given by the server 

demonstrator, subsequently, the user can search using one of the parameters to get the 

data.  
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Figure 50.The cost management contents of CCMS4IPD 
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7.2.2.2.2. Financial reports (Sharing risk/reward) pages 

Figure 51 depicts the web pages of the financial metrics of the CCMS4IPD with showing 

the 4D/5D BIM data. Each party can search using the name of the “Package” (i.e. General 

Package) to get the financial metrics for different payment milestones. The financial 

metrics show three main transactions (Reimbursed Costs, Cost Saving and Profit).  

Given that the profit/risk should be shared regardless of the individual performance, 

therefore, the achieved values of the three financial transactions will be presented 

individually to maximise the trust and collaboration among IPD core team members 

without needing to attend the regular meetings and the generic values of the three 

transaction will be also presented to show the progress of the project, the proposed 

equations by Integrating ABC into EVM to develop risk/reward sharing models of the 

IPD are presented in the CCMS (See figure 51). The report can be retrieved after the party 

log-in using the shared username and password by the server manager, then the party 

should use the agreed packages’ names to see all achieved financial metrics for both 

individual parties and the accumulative of all achieved works. The parties can share their 

report with their employees through using the embedded feature in the webpage footer 

which is to email the data on the page to anyone without needing to have the 

authentication information.     

Given, the IPD core team members come from different backgrounds, therefore, the 

visualisation of data could enhance the collaboration and understanding among the team. 

Therefore, Figure 51 shows a snapshot of the web-data page of the EVM-grid with 

showing the data that .are used in the calculation To ensure the security of the data, the 

party will be asked to provide the given username and password in order to open this web-

data page. Similar to the financial report, parties is able to share the data with their 

employees.  
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The presented six web-data pages works as IPD big room that is recommended by the 

IPD developers to facilitate the collaboration/coordination for the large size team, 

particularly, when the decision is not dominant such as the IPD case. All the data 

regarding the cost, risk/reward values will be updated directly once it is ready, as well as, 

the web-based management system is designed to serve in different stages of the IPD. 

During the Buyout and documentation stages, the web page “Project Cost Estimation and 

Buyout Data”, presents the required data to make the decisions.  
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Figure 51.The financial report pages 
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7.2.3. Model Integration and Flow of Data through the CCMS and IPD Stages  

Figure 52 shows the path of creating/sharing the data through the CCMS, the server 

operator has an important role to collect data from the consultancy team and utilise the 

designed tools such as MS Access database forms, MS Excel spreadsheets, retrieve data 

from 4D/5D BIM model —Determine the direct costs using 5D BIM model and the cost 

budget through integrating 4D/5D BIM models—, managing the data in the web-based 

management system, as well as, facilitating the interaction among the IPD core team 

members. 

 

The flow of data in the proposed model will be from the documentation and the buyout 

stage to the closeout stage, with highlighting BIM integration at each stage, as described 

below. 

• During the documentation stage, core team members conduct cost estimation 

based on ABC and loading the costs to the corresponding activity – whether the 

activity is direct, indirect, or overhead. This can be implemented through 

estimating costs using a 5D BIM platform (i.e. Navisworks) after configuring its 

Figure 52.The path of creating data within the CCMS 
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layers in accordance with ABC levels. Subsequently, BCWS values can be 

prepared through exporting data that are created through 4D/5D BIM platform to 

another software package like Microsoft Project. Hence, the buyout stage takes 

place to agree on the percentage of profit-at-risk (P@R%), as well as, risk/reward 

among owner/non-owner parties. Subsequently, the agreed-upon P@R% is added 

to BCWS to develop project compensation approach, and all project data (BCWS 

for each package, P@R %, risk/reward sharing %) are recorded to enable 

determining the actual percentages within the construction stage.  

• Once the construction stage begins, the project manager should start loading the 

project information (CPR and SPR) to the EVM-Web grid, as shown in Figure 51. 

The steps, shown in Figure 50 and 51, must be followed during the construction 

stage to generate the report at each milestone, that is, all the mentioned equations 

for three cases are coded to receive the input of equations terms and display the 

outcome automatically. The data will be centred in the project server and the 

project manager will attach the initial documents, including the budgeted cost of 

work scheduled (BCWS). Afterwards, the progress data will be updated on the 

server and lively used in generating the milestone report (See Figure 51).  

• For the closeout stage, the report should include accumulative monetary profit and 

risk values for each party and all participants, since all parties are completely 

responsible for profits and risks regardless of causes of profits/risks. The 

profit/risk outcome of each milestone should be kept in the profit/risk pool, to be 

shared during closeout stage. 
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7.2.4. The Decentralised Cost Management System (DCMS) of IPD using the 

Blockchain Technology 

7.2.4.1.The Permissioned Blockchain Web-Based IPD  

In developing the proof of concept, Figure 53 illustrates the main ten steps to create a 

blockchain network using IBM blockchain platform Beta 2 – released recently. This IBM 

Beta platform can enable enterprises to develop and extend their networks, when the 

enterprise intends to use the network as an ongoing practice. The IPD-based blockchain 

proof of concept is developed based on the hyperledger fabric as discussed – mentioned 

in the development of the framework section. The hyperledger fabric includes specific 

components: Certificate Authorisation (CA), Member Service Provider (MSP), peers and 

channels, where each peer (project party) needs to have a CA as well as MSP to identify 

its presence in the network. The channel role is to move the information (transaction) to 

a set of peers (project parties) according to an agreed endorsement policy. For instance, a 

client should have all the information regarding reimbursed cost, profit and cost saving 

for all participants. And the client peer should be selected when instantiating the smart 

contract. The architect team is responsible to develop the network and then all other 

participants (i.e. contractors and trade contractors) can join the network. Figure 53 

represents a map to direct developing a blockchain network to automate financial 

transactions in the construction industry, all processes are accompanied by adequate 

details to clarify the nature of each step and who the responsible party is for each one. 

Smart contracts should be written in specific algorithms. The IBM VSCode extension for 

blockchain is used to write all proposed functions. Therefore, each party should invoke 

the three transactions and each payment milestone to update the hyperledger fabric 

network.  
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Figure 53. The logic of the proposed “Proof of Concept” blockchain based IPD framework 
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7.2.4.2. A Case Study to build a blockchain network (More Details for the Case 

Study is presented in Section 7.3)  

A property development company decides to build a compound of 100 identical houses. 

The specification of each house is as follows: (1) the gross floor area is about 192 m2; (2) 

the house has a single floor; (3) from reviewing the Revit architectural plan, the spaces 

are a master bedroom with its own facilities of a bathroom and a robe room, three 

bedrooms, large living room, kitchen, dining room, another bathroom, family room and 

utility room.  

The project works are categorised into five trade packages (general works, ceiling, 

lighting fixture, finishing, and doors and windows). The client intends to use IPD for 

delivering the project. In forming the core project team, an architectural firm and five 

trade contractors are appointed to create the project’s core group, those trade contractors 

are also involved in the core group to obtain the required information during kick-off 

meetings. The blockchain network should include all IPD core team members (Client, 

five contractors and the consultant).  
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7.2.4.3.The Blockchain Network: IBM Blockchain Beta 2 

As illustrated in Figure 54, there are seven participants in the case project and those will 

be network members, subsequently each party should be represented by a peer. In order 

to create a peer, two main components should be created beforehand, these components 

are Certification Authority (CA) and Member Service Provider (MSP). Figure 54 shows 

a CA for each party and one for the orderer peer. This network is developed for a project 

that includes seven members in its core team: client, architect, main contractor, and other 

four trade contractors (doors and windows, finishing works, ceiling works, and lighting 

fixture works).   

Figure 54.The developed blockchain network based on IPD 

Figure 55 illustrates the IPD core team’s organisations, where each participant is 

identified by a distinct MSP. This is also used to validate the identity of network members. 

That is, when data are sent from any party to others, the receivers are identified through 
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their MSP as shown in Figure 55 for the presented case project. The orderer here works 

as a node in the network, therefore, a MSP should be presented in the organisation list 

(see Figure 55).   

 As discussed, channel is a main part in the blockchain network, used to move the data 

between network parties. Figure 56 shows the channel for an IPD project case which is 

called “ipdchannel” and its members is provided in order to identify the path of the data 

when any function is invoked to record any new data on the network, as well as, 

specifying which parties should receive this data. In IPD projects, all core team members 

should receive the same amount of data in the same sequence. Therefore, all parties 

should be listed, as illustrated in Figure 56. 

Figure 55.The MSP for the organisation members 



230 
 

 

7.2.4.4.The Smart Contract Based On IPD Financial Terms  

As discussed, the IBM VSCode extension is used in building smart contract (chaincode) 

functions, packaging it and subsequently, installing and instantiating it to the specific 

channel and peer. As proposed in the framework (see Figure 39), the chaincode should 

include substantial functions such as instantiate and query function. The user can add 

more functions to govern the purpose of the chaincode.  

In the prototype presented here, four functions are added to perform the proposed purpose 

of the framework – recording all project transactions and keeping it from any possible 

amendments. Figure 9 shows the used functions: (1) the add participants; (2) cost saving; 

(3) reimbursed costs; (4) profit.  

All financial transactions are defined through specific parameters like who the sender is, 

the trade package, payment milestone and the value of this transaction (see Figure 57).  

 

Figure 56.Creating a channel to assign the data to the network participants 
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Figure 57.Snapshot of the developed chaincode based on IPD financial transactions 
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7.2.4.5.Smart Contracts on the Blockchain Network 

After developing the chaincode, any party can invoke one of the transactions in 

accordance with the agreed upon endorsement pollicises. Figure 58 illustrates the 

installed smart contract that includes the proposed functions. The smart contract should 

be uploaded to the smart contract panel in the network and the endorsement policies as 

stated in the development of framework section, subsequently, the uploaded smart 

contract should be installed and instantiated in all peers (project parties). Subsequently, 

project parties can invoke the four main functions (reimbursed costs, profit, saving, and 

query) at each payment milestone. The invoking can be executed through a web-based 

application for providing easy access for all participants, regardless of their technical 

skills and capabilities.  

 

Figure 58.Snapshot of installing and instantiating smart contracts on blockchain-IPD 

network 

 By the end of IPD project, any party can invoke the query function in order to estimate 

the recorded amount of money in each pool (reimbursed cost, profit and cost saving). This 

can facilitate the rate of IPD adoption, given that the main barrier is the lack of trust in 

sharing risk/reward. This will be addressed with implementing blockchain, particularly 
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hyperledger fabric – the blockchain for business networks. With this, all participants can 

have the equal opportunity to track all financial transactions, regardless of their 

geographical locations.  
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7.3.A PRACTICAL CASE—AN ILLUSTRATIVE CASE STUDY  

A property development company decides to build a compound of 100 identical houses. 

The specification of each house is as follows: (1) the gross floor area is about 192 m2; (2) 

the house has a single floor; (3) from reviewing the Revit architectural plan, the spaces 

are a master bedroom with its own facilities of a bathroom and a robe room, three 

bedrooms, large living room, kitchen, dining room, another bathroom, family room and 

utility room (See appendix E for more information about the 3D BIM model of a sample 

house and extracted lists of schedules).  

The project works are categorised into five trade packages (general works, and ceiling, 

lighting fixture, finishing, and doors and windows packages). The client intends to use 

IPD for delivering the project. In forming the core project team, an architectural firm and 

five trade contractors are appointed to build the project’s core group, as well as involving 

trade contractors to obtain the required information during kick-off meetings. As 

discussed, the IPD approach relies on sharing the benefits and risks; hence, it is important 

to determine all expenses and costs and assign them to specific activities.  

Given that the company decided to deliver the project using IPD and BIM. Since the 

tender stage is not applied in IPD approach, therefore, it is replaced by buyout stage, 

which relies on open pricing technique. Thereby, the cash flow analysis should be 

designed for this purpose, the estimated cash flow, especially cash-in should be presented 

as estimated maximum curve, which is the LIMB 3 limit and estimated minimum curve, 

which is the LIMB 1 limit. Since the literature review justified that BIM tools are 

necessary for successful delivery of projects within IPD approach, 4D/5D BIM data will 

be utilised in this case study.  

During documentation and buyout stage, the BIM team is responsible to develop 4D/5D 

BIM to prepare the project budget before emerging project parties’ negotiation regarding 
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profit at risk percentage and the decision in IPD approach is individual as the relationships 

are direct among all core team members.  

The compensation structure was agreed upon as follows: (1) the agreed profit at risk 

percentage was 20%; (2) the saving cost allocation percentage for overhead project-level 

cost was 70% for non-owner participants, and 30% for owner; (3) the non-owner 

Risk/Reward ratio was 80%, and 20% for owner party (although, existing IPD model the 

owner does not get any proportion from P@R%, however, it is assumed that the owner 

gets a proportion from P@R% for two reasons: providing any service such as 

participating in managing project workflow, and showing capabilities of the presented 

framework to work on various scenarios); (4) the direct and indirect cost limit (Limb 1) 

was £ 118,484.9; (5) Limb 2, which involved direct, indirect, overhead costs was £ 

190,484.9; and (6) Limb 3, which comprises from the total cost and the profit at risk 

percentage was £ 228,581.9.  

The proposed cost management system will be applied to this case study, all calculations 

will be presented for a house since they are identical 100 houses as mentioned.  
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7.3.1. Cost Estimation  

7.3.1.1.Initial Cost Estimation at Outline Design Stage 

The graphs in Figure 59  illustrate the total material and labour costs and were prepared 

by a Monte Carlo simulation after the cost data were collected by the IPD core team’s 

quantity surveyor, with beta distribution used to distribute these cost elements. The output 

from this process is the total costs graph, showing how the total cost corresponds to a 

specific certainty percentage. Moreover, the sensitivity analysis charts reveal the impacts 

of each cost element in the project, thus determining each element’s importance in the 

detailed design stage and the execution process. The client makes decisions based on 

these outputs and, if the client accepts the solution, the project progresses to the detailed 

design stage. If the client does not accept the solution, the client/quantity surveyor can 

alter the requirements by changing the cost elements and repeating the process.  

In the case project, the decision-making scope reveals that the cost will be almost 

£103,000, while the actual case study states that the direct and indirect costs total 

£118,484. The deviation between the decision-making scope and the precise cost 

estimation is about 12%: this level of deviation is more acceptable at the feasibility study 

and budget authorisation stages, in accordance with class 3 of the cost estimate 

classification matrix developed by Amos (2004), with this class accepting a deviation 

below detailed estimation of from -10% to -20%. 
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Figure 59.Total material and labour costs prepared by Monte Carlo simulation 

7.3.1.2.Cost Estimation during Detailed Design Stage 

After finalising the 3D BIM model, the estimator begins to use this model for detailed 

cost estimation by importing it to a 5D BIM platform to extract the quantities and move 

to the pricing stage. Based on the agreed-upon length of the contract, the overhead 

resources are determined to enable the costing process. The proposed resources and those 

resources needed to perform each activity are presented in figure 60, it is a snapshot from 

the CCMS.  

 

 

 

 

 

 

Figure 60.Organisation overhead costs (ABC estimation) 
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Therefore, the cost drivers can be determined as the total cost of each operation is divided 

by the number of operations (activities) in the project (see figure 61 below for details, it 

is a snapshot from the CCMS). 

• Calculations of cost drivers/ cost units 

The inspection process requires a quality control engineer, quality assurance engineer, 

supervisor and a project manager. In total, 13 inspection activities are needed during the 

project. The mobilisation process occurs six times during the project, with the warehouse 

manager assigned this responsibility. Cost control needs a quantity surveyor and an 

accountant and is run six times during project execution. Setting out is run six times 

during the project, with the site engineer having responsibility for its implementation. The 

outcome of the ABC sheet from the CCMS is presented in figure 62. 

 

 

Figure 61.Cost drivers of overhead operations 
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Figure 62.The ABC cost structure of the case study 
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7.3.1.3.Integrated Project Delivery (IPD) Cost Structure 

With the extracted quantities priced, material costs are ready and the summary of each 

trade package’s materials are presented, as illustrated in Table 12. Moreover, other labour 

and equipment resources are determined using the same MS Excel spreadsheet, as 

summarised in Table 12. Limb 1 is thus ready and the estimator should move to Limb 2 

which pertains to overhead costs. Table 12 summarises both the cost estimation 

approaches, namely, the traditional costing system and the use of ABC estimation to 

validate the significance of the developed framework in presenting reliable cost 

estimation in the detailed design stage. The outcome from the CCMS of the compensation 

structure is presented in appendix f.  

Table 12.Compensation structure components 

Table 

sections 

Construction 

packages 

General 

£ 

Ceiling 

£ 

Lighting 

fixture 

£ 

Finishing 

£ 

Doors 

and 

windows 

£ 
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Total material 

costs 

38,038.9 2,140.2 17,037.9 3,553.8 31,919.1 

Total labour 

costs 

21,318.9 1,715 296.5 1,334.4 763 

Total 

equipment 

costs 

366.8 0 0 0 0 
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Total direct and 

indirect costs 

(Limb 1) 

59,724.7 3,855.2 17,334.4 4,888.3 32,682.2 

L
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s 
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 3
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Proportion of 

overhead costs 

0.533  0.031  0.138  0.039  0.260 

Total 

overhead/pack

age (Limb 2) 

38,377 2,206 9,919 2,797 18,701 

Total costs 98,102 6,061 27,253 7,685 51,383 

Profit-at-risk 

limit (Limb 3) 

19,620.4 1212.2 5450.6 1537 10276.6 
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Overhead costs 

(Limb 2) 

27,557.6 11,519.2 7,134.6 15,403.8 7,134.6 

Total costs 

(ABC) 

(starting point 

of profit-at-risk 

percentage) 

89,014.7 15,474.1 24,916.7 20,418.4 40,660.9 

Profit-at-risk 

limit (Limb 3) 

106,817.6 18,568.9 29,900.1 24,502.1 48,793.1 
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With the cost of each package as shown in Table 13, the total project cost is £190,484. 

The overhead costs represent about 37.8% of the total costs: this requires a very precise 

allocation so the actual target cost for each package can be determined and the package 

can be sold to the buyer at a fair price. Moreover, when the project is completed, the 

project parties need to know whether each package has achieved cost savings or not, and 

to be able to determine the percentage of cost savings so the reward can be allocated fairly 

between the project parties. Each package includes various activities which have different 

expenditure on overhead costs from one package to the next. For instance, the concrete 

package needs to be inspected three times: after the formwork, the rebar and the 

concreting. In contrast, the doors and windows package only needs one inspection to 

ensure that the installation is according to the requirements and so the package can be 

delivered to the main contractor. Moreover, if any other package depends on the 

completion of this specific package, a delivery inspection is also needed.  

• Comparison between IPD estimation based ABC and traditional estimation  

As can be seen in Figure 63, Limb 1 is similar in both the traditional method and ABC 

estimation. However, the overhead cost differs between these two methods. The 

fluctuation percentage between ABC estimation and traditional cost estimation is higher 

than 100% in the finishing package due to this package requires many overhead activities 

to be executed, given that the case study project is relatively small with a limited number 

of activities, with the lowest level being 8% fluctuation in the lighting fixture package.  
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Figure 64 illustrates all deviations between using ABC estimation and traditional cost 

estimation for each package. To validate the significance of integrating ABC into IPD 

using BIM capabilities, Figure 64 reveals that the deviation for Limb 3 values (the profit-

at-risk percentage) has been elevated by £2521.42 for the finishing package, which is 

more than twice the value in the traditional method. However, other packages have 

decreased in value, such as the doors and windows package which is 22% lower than 

when traditional cost estimation was used.  

 

Figure 64.Deviations between ABC estimation and traditional estimation for each 

package 
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Figure 63.IPD cost structure using two costing methods 
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In their study, Ballard et al. (2015b) set out to identify the factors leading to the failure of 

risks/reward sharing, with this research undertaken as a case study that comprised a 

250,000 ft2 patient care pavilion. The findings referred to cost overrun as the main reason, 

with the completed project having a cost overrun of almost 6.4% more than what had 

been planned; subsequently, the risk pool firms did not receive any profit. To reflect that 

case study’s conclusion in the findings of the current research, the scrutiny of continuous 

cost estimation is vital to reveal any potential cost overrun at an early stage. If this is 

done, the source of the overrun can be defined with appropriate corrective action taken. 

Accurate cost estimation, as well as better allocation of resources among core project 

team members, can improve project implementation, thus preparing high-level evidence 

to prove any increase or reduction in cost. This requires a cost estimation method that can 

distinguish between all the different elements in the cost structure (i.e. direct, indirect and 

overhead costs). 

• The level of contribution based on the ABC hierarchy level: 

The below table 13 shows the percentage of contribution to each overhead hierarchy level 

from the core team member to the daily task level. 

Table 13.ABC hierarchy contribution 

Name Start appearance Percentage (%) 

Core team member level  20.83 

Project Level  8.33 

Package level  33.33 

Daily task level  37.5 
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As it can be seen from the below figure 65, daily task level represents the maximum 

contribution by 37.5%, this reflect the importance of high level of consumption by the 

supervisors, site engineers. However, the core team level represents 20.83%, this reflects 

a high level of contribution of owner, constructor, architect to management of the project, 

and this also can be proved by checking the level of overhead per for the project level, 

which is 8.33%, and this is the minimum level of contribution due to the IPD approach 

reduce the dominant of the project contractor and sub-contractors management.  

 

Figure 65.The overhead contribution level between all participants 

7.3.1.4.Web-Applications of the Cost Estimation Based CCMS4IPD  

Figure 66 shows snapshots of retrieving cost data from the CCMS4IPD web system. To 

enable parties to understand how the compensation structure is articulated properly, the 

system allows to them to search data for each limb separately, for example, the first 

snapshot in figure 66 depicts the direct and indirect cost of the general works package 

(LIMB-1), the second snapshot shows the overhead costs for the code ‘010G’, which, 

means the overhead activities of general works package, particularly, the daily task level 

(LIMB-2). The third snapshot shows the compensation structure of the project five 
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1
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packages. All the data can be shared and printed by clicking on ‘view details’ button. As 

well as, the entire data in the page can be emailed using an embedded features on the 

bottom of the each web page.  

  

7.3.2. Buyout Stage (Cash Flow)  

Refer to the framework part that discussed the integration of 4D and 5D BIM to develop 

a cost budget plan for the IPD approach, in this sub-section, the applicability of the 

proposed methodology framework is presented using the same case study context.  

Figure 66.Snapshots of the cost estimation data from the CCMS4IPD web system 
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7.3.2.1.Step 1: 4D/5D Creation and Integration  

As aforementioned, the 4D/5D BIM model should be developed at documentation stage. 

Figure 67 illustrates the project timeline, which was developed using BIM Navisworks 

platform, and to support the interoperability, a 5D BIM model was developed using the 

same platform. Figure 68 displays the allocation of project costs such as; material, labour, 

equipment, and subcontractor costs. As the ABC has been chosen to estimate project 

costs, the costs have been assigned to the project activities, and the developed timeline 

included overhead activities for each trade packages to ensure the cost structure of each 

package is properly estimated before emerging buyout stage. As stated in the literature 

review, the traditional cost estimation does not comply with IPD structure, as it relies on 

proportional overhead allocation, which could cause cost structure distortion and lead to 

misleading project pricing. 
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Figure 68.5D BIM model - Navisworks Platform 

Figure 67.4D BIM - Navisworks Platform 
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7.3.2.2.Step2: Development of Cash Flow  

After developing 4D/5D BIM models, in which its activities are linked with its design 

elements, the project budget should be developed at this stage. Notably, the budget should 

be developed separately for each trade package to enable negotiation at buyout stage. 

Table 14 shows the different packages along with their colour indices. Table 15 shows all 

values for each trade package as assigned to project timeline. By applying equation 6 and 

Table 15 illustrates the BCWS for LIMB 1, which is the direct cost which in IPD, it 

represents the minimum expected return in case of the actual cost exceeded the agreed 

profit at risk percentage. Likewise, it shows the BCWS of the overhead cost individually 

in case that there will be cost saving in the project, and IPD approach recommends sharing 

the achieved cost saving. The accumulative BCWS for all costs structure (i.e. direct, 

indirect and overhead costs) is computed based on equations 6 and 7. And the estimated 

cash in using Equation 8. 

Table 15 illustrates the estimated maximum and minimum cash inflow for each trade 

package, therefore, the trade contractor should be able to identify the expected profit as 

well as the maximum overdraft that could happen during the project implementation. 

After applying equations 10, and 11 with considering IR equals zero and using the agreed 

profit at risk percentage (20%), the maximum cash in-flow for general package was 

£106,817.7, and the estimated minimum was £ 57,224.8. Hence the difference between 

those represents the profit at risk percentage plus the overhead cost, which was £ 

49,592.91, and this only happens in case that the actual cost exceeded the planned LIMB 

3. Without using ABC method, this kind of analysis to the cost structure could not be 

achieved, and the project parties will encounter the scarcity of cost index data. The 

estimated minimum and maximum cash inflow for all other packages are detailed in Table 

15.   
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Table 14.Cost Packages 

NO  Package  Colour index  

1 General Package (GP)  

2 Doors and Windows Package (DWP)  

3 Ceiling Package (CP)  

4 Lighting fixture Package (LP)  

5 Finishing Package (FP)  

 

Table 15.Estimated Cash Flow Distribution
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Package Cash flow parameters 

£ Feb 

W2 

£ Feb 

W3 

£ Feb 

W4 

£ 

March 

W1 

£ 

March 

W2 

£ 

March 

W3 

£ 

March 

W4 

£ April 

W1 

£ April 

W2 

£ April 

W3 

(GP) 

Accumulative BCWS  

   
5,716.8 5,716.8 5,716.8 5,716.8 5,716.8 

16,509.

2 

20,418.

9 

Accumulative BCWS 

for overhead  
   

5,384.6 5,384.6 5,384.6 5,384.6 5,384.6 

12,153.

9 

15,530.

6 

Accumulative Direct 

Cost 
   

332.2 332.2 332.2 332.2 332.2 4,355.4 4,888.3 

Maximum Cash inflow 

   
6,860.1 6,860.1 6,860.1 6,860.1 6,860.1 

19,811.

1 

24,502.

7 

Minimum Cash Inflow 
   

332.2 332.2 332.2 332.2 332.2 4,355.4 4,888.3 
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(DWP) 

Accumulative BCWS 

1,866.8 26,133 

54,736.

1 

63,038.

4 

73,192.

4 

79,875.

7 

89,014.

7 
   

Accumulative BCWS 

for overhead  

1,500.0 10,154 

14,538.

5 

17,038.

5 

19,538.

5 

23,923.

1 

31,790.

0 
   

Accumulative Direct 

Cost 

366.8 15,979 

40,197.

7 

45,999.

9 

53,653.

9 

55,952.

6 

57,224.

8 
   

Maximum Cash inflow 

2,240.2 31,359 

65,683.

4 

75,646.

1 

87,830.

9 

95,850.

8 

106,81

8 
   

Minimum Cash inflow  

366.8 15,979 

40,197.

7 

45,999.

9 

53,653.

9 

55,952.

6 

57,224.

8 

   

(CP) 

Accumulative BCWS 

      4,268.2 

15,706.

9 

27,145.

7 

40,661.

7 

Accumulative BCWS 

for overhead  

      1000.0 1000.0 1000.0 7,979.6 
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Accumulative Direct 

Cost 

      3,268.2 

14,706.

9 

26,145.

7 

32,682.

1 

Maximum Cash inflow 

      5,121.9 

18,848.

3 

32,574.

8 

48,794.

1 

Minimum Cash inflow 

      32,68.2 

14,706.

9 

26,145.

7 

32,682.

1 

(LP) 

Accumulative BCWS 

      3,056.8 8,725.4 

15,475.

3 

15,475.

3 

Accumulative BCWS 

for overhead  

      2,500.0 5,384.6 

11,620.

0 

11,620.

0 

Accumulative Direct 

Cost 

      556.8 3,340.8 3,855.3 3,855.3 

Maximum Cash inflow             3,668.1 10,470.

5 

18,570.

3 

18,570.

3 
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Minimum Cash Inflow             556.8 3,340.8 3,855.3 3,855.3 

(FP) 

Accumulative BCWS             4,466.9 16,600.

9 

24,917.

5 

24,917.

5 

Accumulative BCWS 

for overhead  

            1000.0 1000.0 7,583.1 7,583.1 

Accumulative Direct 

Cost 

            3,466.9 15,600.

9 

17,334.

4 

17,334.

4 

Maximum Cash inflow             5,360.3 19,921.

1 

29,901.

0 

29,901.

0 

Minimum Cash Inflow             3,466.9 15,600.

9 

17,334.

4 

17,334.

4 



 

In buyout stage, the architect requires to show the completed budget plan to all project 

parties. As stated in the framework development section, the contractor will take the 

decision based on the expected maximum and minimum cash inflow. Figure 69 shows 

the estimated overdraft per package. That said, the overdraft implication is completely 

different from traditional delivery approaches, as the contractor, at the worst case, will be 

reimbursed the direct costs. In case that the actual values of project costs are located 

between the total cost and profit at risk values, this means the overdraft equals zero. In 

case of the actual project cost is located above LIMB 3, this means that overdraft equals 

the value of overhead costs, whether completely or partly. The way of presenting cash 

flow information warns contractors through minimising the project overhead by 

optimising the project schedule to implement more overhead activities at the same time, 

and accordingly minimise the number of cost drivers that will maximise the estimated 

minimum cash inflow. For instance, the overdraft in the finishing package, shown in 

Figure 69, is high due to the overhead costs are high. Using ABC enabled the estimators 

to precisely distinguish and identify the overhead costs to analyse the cost structure.  

Since the IPD approach requires a trust environment throughout the project stages, the 

developed framework supports this by showing the maximum overdrafts could happen if 

the actual cost exceeded the profit at risk percentages (LIMB 3). Figure 69 shows the 

estimated overdraft values for each trade package and with integrating ABC into 4D/5D 

BIM models, the overdraft is precisely determined using equation 15. 
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Figure 70 illustrates that the maximum cash in deviations may occur in windows, doors, 

and packages by 80%, 80%, and 79% respectively. This is due to the value of overhead 

costs which are high comparing to other packages such as finishing and lighting fixture 

packages by 33% and 42% respectively. Accordingly, the contractors will be completely 

aware regarding the maximum deviations which would happen in case of poor 

performance. In case that all displayed analysis will be presented during the IPD’s buyout 

stage, this can ensure the successful project implementation since all the project parties 

are fully aware about all financial consequences. Even though these deviations were 

determined based on the planned direct and total cost, however these deviations indicate 

the expected gap if the trade contractor exceeds LIMB 3 limit. Figure 70 illustrates 

deviations of all packages—the outcome of the CCMS for the budgeting data is presented 

in appendix (f), similarly, figure 71 illustrates the proposed cash flow plans for all 

packages, as well as estimated maximum required budget from the client, to be used for 

Windows

and

Doors

package

General

package

Finishing

package

Ceiling

package

Lighting

fixture

package

estimated maximum Package

overdraft
19614.4 49592.90846 16112.0 14715.0 12566.6

0.0
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20000.0

30000.0
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Estimated maximum Package overdraft 

Figure 69. Estimated overdraft of each Package 
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decision making during the buyout stage. Contrary to BIM-based cash flow, which has 

been developed by Lu, Won and Cheng (2016).  

Figure 70.Packages cash in deviations’ percentage 

7.3.2.2.1. Cost Budget based CCMS4IPD Web System 

Figure 71 illustrates a snapshot from the CCMS4IPD web system regarding the cost 

budget data for each trade package, therefore, any party can access using given 

authentication information and check the cost budget details whether from the table or 

graphically from the cost budget chart. All cash flow data for all trade packages and the 

data is presented, whether using estimated maximum/minimum cash inflow, which 

include all cost elements (direct, indirect and overhead) are presented as S curve. 

Therefore, the contractors and client requirements to identify direct cost of the activities 

at the buyout stage, since the client is liable to pay the actual cost of direct activities, in 

case that the actual cost exceeds Limb 3. Therefore, the monetary value for minimum 

estimated cash inflow indicates the planned cost for direct activities and it enables project 

parties to track these activities during the execution stage, in order to determine the actual 

value. The deviation between estimated maximum/minimum cash inflow gives an 

indication to restructure the cost estimation in case overhead and indirect costs are larger 

than direct cost. Without using ABC, the filtering of direct, indirect, and overhead 
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activities could not be attainable, therefore, the developed cash flow will not be reliable 

and representable to the nature of the project. The embedded data in figure 71 should be 

displayed on the IPD’s big room to enable all participants to manage their cash flow, 

particularly the costs is only reimbursed, and profits will be shared after all works will be 

accomplished by all participants.      
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Figure 71.Cost budget data based CCMS4IPD web system 
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7.3.3. Construction Stage (Cost Control and Sharing Risk/Reward)  

The detailed cost estimation was prepared by package for the three limbs, as shown in 

figure 72 (it is a snapshot from the CCMS) where; limb 1 represents the direct and indirect 

costs; limb 2 represents the summation of overhead activities; and limb 3 represents the 

profit at risk percentage after estimating the entire project cost.  

The proposed framework was applied to manage the progress, whether positive or 

negative, and share the risk/reward in accordance with the agreed percentage of IPD. The 

case study considered two different scenarios to display the framework flexibility in 

capturing different circumstances, a description of which follows.  

7.3.3.1.Scenario 1 

Scenario 1 shows how the risk/reward can be shared among all project participants. The 

project payments were assumed monthly, with collected data from project cost centre 

tabulated in Table 16. 

Table 16.Monthly cost data – Scenario 1 

Activities Feb W2 Feb W3 Feb W4 Mar W1 

BCWS 1,867 49,985 4,385 12,073 

Cumulative BCWS 1,867 51,852 56,236 68,309 

ACWP 2,147 57,037 65,000 69,675 

Figure 72.The IPD cost structure 
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BCWP 2,362 62,740 72,000 75,946 

CPR 0.91 0.91 0.902 0.92 

SPR 0.79 0.83 0.781 0.90 

 

Figure 73 summarises the above-mentioned scenarios steps and results of implementing 

the framework for both owner and non-owner parties. The figure 73 shows the cost and 

profit for contractors. Given the project is located in the risk area, therefore, there is no a 

reward for both owner and non-owner parties.  
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Figure 73.The risk/reward report for scenario 1 
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7.3.3.2.Scenario 2 and 3 

Scenario 2 shows how the cost saving are shared among all project participants without 

cost distortion. The project payments were assumed monthly and the collected data from 

the project cost centre, was displayed in Table 17. 

Table 17.Monthly cost data - Scenario 2 and 3 

Scenarios Activities Feb W2 Feb W3 Feb W4 Mar W1 

Budget data 

BCWS 1,867 49,985 4,385 12,073 

Cumulative 

BCWS 

1,867 51,852 56,236 68,309 

Scenario 2 

ACWP 1,680 51,852 50,613 68,309 

BCWP 1,596 51,852 40,490 66,943 

CPR 1.05 1.00 1.25 1.02 

SPR 1.17 1.00 1.39 1.02 

Scenario 3 

ACWP 2,147 57,037 60,000 70,000 

BCWP 2,362 62,740 70,000 100,000 

CPR 0.91 0.91 0.857 0.7 

SPR 0.79 0.83 0.803 0.6838 

 

Figure 74 shows the outcome of the other two scenarios; for the second scenario, the CPI 

and SPI are 1.02 and 1.02 respectively, and the EVO output was 104%, located in the 

green area, implying an optimum situation due to the considerable positive deviation from 
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the planned values. Therefore, three transactions should be presented — reimbursed cost, 

profit and cost saving. The only reimbursed cost will be paid to non-owner parties; 

however, profit and cost saving will be kept in profit and cost saving pools until all project 

works will be performed (see figure 7, image 1). Regarding the third scenario, the EVO 

was 0.49 due to CPI and SPI were 0.7 and 0.7 respectively, therefore, only the reimbursed 

cost is presented in image 2, figure 7. Although the reimbursed cost is more than planned, 

this should be paid to the trade contractor according to IPD principles and this additional 

cost can be covered from the profit and cost saving pools as long as the needed additional 

cost is available in these pools, otherwise, the owner should pay the direct cost.   
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Figure 74.The risk/reward report for scenario 2 and 3. 
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In view of the of case study’s results, as discussed, the present study contributes to the 

field in several significant ways. That is, with reference to scenario 2, using ABC enables 

practitioners of identifying the source of cost saving accurately. This affects the monetary 

sharing value – whether for owner and non-owner parties – through distinguishing 

between the overhead cost sources, hence determining the proportion of sharing. For the 

case at hand, as an example, it becomes clear that non-owner parties received twice the 

percentage of owner. Previous studies like that of Zhang and Li (2014) developed models 

capable of differentiating overhead cost levels such as corporate and project levels. These 

model are however not capable of identifying the accurate overhead cost and highlighting 

how the progress can be determined. The model proposed in the present study, therefore, 

is one step ahead in addressing this issue with the now-available models. As another novel 

features, by using EVM with tailored mathematical equations for IPD’s characteristics, 

the proposed model supports the automation of the sharing risk/reward process, as an 

extension to integrated models proposed in previous studies.
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7.3.3.3.Utilising IPD with BIM and the Proposed EVM-Web Processes  

In order to show how BIM and EVM-web can be utilised, the presented data in the three 

scenario, are illustrated in Figure 75.  

Figure 75 shows the BIM dimensions (3D, 4D and 5D) that have been developed for this 

case study. The project data will be retrieved from these three models, as the case study 

supports the integration of IPD and BIM. With reference to the 4D model (see Figure 75) 

some works have been completed and milestone 1 is set by the end of week 1 in March. 

Subsequently, those parties responsible for the performed works should submit their 

invoices as three separate sections (reimbursed costs, profit and cost saving). Afterwards, 

the quantity surveyor (QS) proceeds all data and applies the proposed equations in the 

framework for determining risk and reward for owner and all non-owner parties. Any 

party in the core team can easily gain access to the website, therefore, all the information 

on the achieved monetary value of profit and cost saving will be accessible remotely. 

Besides, each user can readily check the generic case of the designated package through 

EVM grid, while in the future payment milestone, a contour line between accumulative 

points – displayed as a yellow coloured circle with the number of the milestone – will be 

drawn to show the historical performances. Moreover, the EVM-grid can be utilised as a 

graphical report of cost situation for the package and project (see Figure 75). All project 

parties, therefore, can easily understand and use the displayed information, regardless of 

their skills. This is seen as a remedial solution to one of endemic problems affecting IPD, 

as discussed: lack of skills and core team members coming from various different 

backgrounds (Roy et al., 2018, Allison et al., 2018).   
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Figure 75.Result analysis of displaying risk/reward values on EVM-web system 
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7.4.Summary  

This chapter presented how the prototype is developed including the three main tools—

CCMS database system, EVM grid, Web-based management system (CCMS4IPD) and 

the blockchain network—the applicability of these tools are validated using an illustrative 

case study, the findings proves that the proposed tools are user-friendly. The system is 

tested under different scenarios to ensure its applicability to provide the needed data, for 

example, the risk/reward sharing system is tested using three scenarios—Profit and 

reward, Profit, no profit—the system showed its ability to provide accurate results for all 

scenarios. This can raise the trust and maximise the collaboration among project parties. 

The developed blockchain network and smart contract in integration with the CCMS4IPD 

web system works as an automated/integrated cost management system for the IPD 

projects.  
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CHAPTER EIGHT: THE RESEARCH FINDINGS VALIDATION 

8.1.INTRODUCTION  

This chapter presents the validation process of the developed framework and prototype, 

the interviews were conducted as a virtual/video interview method. Seven interviewees 

accepted to take a part in this evaluation, the procedures of conducting the interview were 

seeking for their consent through sending an email, subsequently, sending the video that 

includes a summary of the revealed gap and explanations of the framework, as well as, 

using the real tools to conduct different tasks, and questions to be answered after watching 

the video. In case that the interviewees need more clarifications, a phone call was offered. 

The characteristics of interviewees, data analysis and findings are presented in this 

chapter to evaluate the reliability and validity of the research findings.    

8.2.THE CHARACTERISTICS OF INTERVIEWEES 

This evaluation is to assess the findings of the research through seeking industry 

practitioners, as well as, academic staff views about the efficiency of the developed 

framework and the prototype tools. The inclusion criteria of the interviewees are the level 

of understanding the IPD approach, the level of experience that should not be less than 

six years and the interviewees to be familiar with BIM theoretical and practical 

knowledge. A scale from 1 to 5 was given to interviewees to evaluate their level of 

understanding regarding IPD mechanism, as well as, their level of the overall experience 

is categorised to meet the selection criteria. Regarding the knowledge of BIM, from the 

interviewees’ profiles, their knowledge level has been determined whether by holding 

BIM degrees or having professional experience. Below table 18 shows the characteristic 

of participants. 
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Table 18.The characteristic of interviewees 

IDs Job 

Range of 

Experience 

IPD 

experience 

Familiar 

with BIM 

Education 

background 

P1 

Senior lecturer in 

Construction 

Management  

6-10 4 yes 

PhD 

P2 Project Manager  15+ 4 yes PhD 

P3 

Senior Quantity 

Surveyor  

15+ 4 yes 

MSc 

P4 Lean lead  15+ 4 yes PhD 

P5 

Assistant 

Professor in 

Construction 

Management  

6 to 10 5 yes 

PhD 

P6 Contract Manager  6 to 10 5 yes PhD 

P7 

Senior lecturer in 

Construction 

Management 

(Lean 

construction)  

6 to 10 4 yes PhD 

 

Figure 76 shows that five interviewees selected the scale 4 to represent their level of 

understanding regarding the IPD approach, meanwhile, other two interviewees selected 
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the maximum scale, which is 5 to represent their expertise in IPD approach. Therefore, 

this met the inclusion criteria to be able to assess the outcome of this research.  

 

8.3.ENGAGING WITH PARTICIPANTS 

The interview was conducted online as a virtual interview, Kisin et al. (2009) defined the 

virtual interview as a digital (video) interview that can be conducted either one-way 

through sending the video and list of questions, or two way through using the video 

conference technology (i.e. skype) to interact with the interviewee. In this study, both 

ways were used since some of interviewees asked for more explanations before answering 

the questions.  

The video is structured as follows:  

1. Presenting the revealed challenged (knowledge gap) by reviewing the literature, 

as well as, the exploratory questionnaire.  

2. Giving a detailed explanation for all developed models and tools regarding cost 

estimation, budgeting and risk/reward sharing. 

Figure 76.The respondents’ level of understanding IPD approach 
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3. Going through the developed prototype with showing how it works through using 

an illustrative case study.  

The length of the video was 50 minutes, the video was sent out to interviewee through 

the email, accompanied with the questions that were written using google form. After the 

interviewees watch the video, the researcher should get in touch with them to make sure 

everything is clear before the interviewees answering the questions.     

Given that the objectives behind conducting this  interview  are (1) validating the 

proposed new concepts of managing risk/reward among IPD core team members, (2) 

Examining whether the presented cost management challenges of IPD are solved using 

CCMS4IPD, (3) Measuring the applicability of the developed tools such as CCMS 

database, EVM-Grid and CCMS4IPD web system, (4) Validating the applicability of 

utilising blockchain and smart contract to enhance the collaboration and trust among 

project parties. The questions were divided into two categories, namely, framework 

synergies and processes evaluation against presented cost management challenges of IPD, 

Evaluation of CCMS4IPD including database system and interactive web-based 

management system and the evaluation of the applicability of the developed IPD smart 

contract, as well as blockchain network.   

The interview consists of eight open-ended questions, they were mainly to assess the 

developed tools (CCMS and the blockchain), and in addition, a question was asked to 

evaluate the reliability of the developed framework through all IPD stages, followed by 

another question to enable interviewees to directly propose ideas to enhance the 

applicability of the framework. After that, specific questions to assess the functions of the 

CCMS and DCMS such as the automated financial report to show the achieved 

risk/reward value for IPD parties. The final question was to give the interviewees the 

opportunity to summarise their views.  
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8.4.INTERVIEW ANALYSIS AND FINDINGS  

The interview results were analysed using NVivo. Ten codes were identified to describe 

the interviewee’s responses as seen from figure 77. Additionally, a mind map is developed 

to link between these codes, as well as, creating hierarchies to support the thematic 

analysis of the interviews’ contents, see figure 77. 

 

Figure 77.The generated codes according to interviewee’s responses 

Figure 78 shows the map of linking the interview codes in order to facilitate the thematic 

and content analysis of the interviewee’s responses.  

 

 

Figure 78.The mind map of the interview codes 
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8.4.1. The Evaluation of the Framework Processes and Tasks  

The analysis of the interviewees’ responses confirms that the developed tools and 

processes to manage the costs during all IPD stages. The responses can be summarised as 

(1) the framework captures all details and requirements for delivering an advanced cost 

management practices, (2) the ability of the presented estimation mechanism to consider 

all cost structure elements, which, prevents hide any profit into the overhead costs, (3) 

The presented cost estimation/budgeting methodologies can enable the practitioners to 

enhance their practices, indeed, the first interviewee (P1) said that “CCMS can be a step 

towards changing practices in the industry”, moreover,  the fifth participants (P5) give a 

comprehensive comment “Integrated project delivery (IPD) is seen by many 

practitioners and in the academia as the most effective delivery approach to implement 

BIM effectively. Despite that, IPD is rarely implemented in its pure form worldwide due 

to many technical, financial and legal challenges. One of the challenges upon these is the 

absence of tender stage. This framework has a significant contribution toward 

overcoming such challenge”. Given that the framework adopted the ABC method to 

enhance the cost management process for the IPD approach, the fifth interviewee 

mentioned that “Very helpful. Moving to Activity Based Modelling is much needed in 

construction particularly with the aid of CCMS, DCMS and BIM information 

management and instant rendering and analysis tools. This will increase transparency, 

collaboration and shift attention to Value rather than cost.” 
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8.4.2. The Applicability of the CCMS Tools (The Database and CCMS4IPD Web 

System) 

The conclusion of the participants evaluation regarding the usability, validity and 

reliability of the integrated CCMS pertains to several aspects, namely, enabling all parties 

to reach the needed cost data anywhere while data maintain concealed from any 

unauthorised parties, the level of details is high since the second interviewee mentioned 

that “It provides a real-time cost analysis information and reports which keeps all parties 

in IPD contract informed and involved”, increasing transparency and trust among IPD 

core team members. Furthermore, the fourth interviewee (P4) who is expertise in the lean 

construction, particularly using IPD and BIM, commented that “It is useful because of the 

absence of such systematic framework and tool for cost management in BIM-based 

project using IPD as a delivery approach. Moreover, having a web-based management 

system that is accessible by different stakeholders will enhance the collaboration, trust 

and integration between the project stakeholders”. Figure 79 shows the most repeated 

word in this code, it can be seen that the words ‘Collaboration’, ‘trust’, ‘transparency’, 

‘accessible’ and ‘BIM’ are the most repeated, this confirms that the participants agreed 

that the proposed system fulfilled the desired/planned objectives. 

Figure 79.The outcome of words relationships search for words (Trust, collaboration, 

transparency). 
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8.4.3. The Practical Implications of the Proposed Tools (CCMS4IPD and 

Blockchain/Smart Contract Tools) 

From the answers of Seven interviewees, the potential practical implications of the 

developed tools are coded under a single code (Practical implications) to enable 

summarise their views. All interviewees asserted that the developed tools—CCMS4IPD 

and blockchain/smart contracts—are very capable to create positive/rapid changes in the 

industry practices, as well as, fostering the implementation of the IPD. There are four 

implications mentioned by interviewees, namely, providing a real-life solution for the 

risk/reward sharing among IPD members through the automated financial information 

reports, CCMS4IPD works as a real-time shared cost information platform, the entire 

developed framework provides a significant contribution toward overcoming the existing 

challenges of cost management for IPD, the visualisation of financial data will raise the 

level of understand between all stakeholders. Figure 80 depicts the word three for 

“information” word to show how it appeared throughout the texts and the relevant 

sentences, this word is the most repeated one in this code, therefore, it has been selected 

to query the word relationships. The sixth interviewee (P6) commented on the entire 

system by saying that “The tool provided in the research drastically enhances the project 

controls departments in actively managing their projects. Furthermore it provides the 

stakeholders with realistic indicators for their project in terms of schedule, budget and 

scope. The author has done a great job in translating the framework into a web-based 

tool that can be globally used by different stakeholders while managing their projects”. 

Moreover, the fourth interviewee (P4) gave a comprehensive evaluation of the potential 

impact of the proposed tools by commenting that “The system is practical and smart and 

I believe I can help all stakeholders in IPD contract to be updated and build trust, indeed 

this research is vital and clearly not only contributes to knowledge but also provides a 
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tool for industrial practices. It provides comprehensive approach to share risks/reward 

with the support of BIM Capabilities. It also assist with automated reporting and fosters 

the collaboration aspects between partners. Further, it enables partners to focus on 

driving value through more accurate approach rather than the current estimated 

approaches that generates more hard feelings and reinforces blame culture...” Therefore, 

this tree reflects the mentioned practical implications of the ability of the proposed tools 

to manage the cost information throughout the different IPD stages.    

Figure 80.The outcome of words relationships search for words (Information) 

8.4.4. The Interviewees Recommendations for Additional Features 

Four out of seven interviewees did not ask for any change in the framework or adding 

new features to the developed tools, for instance, the fifth interviewee (P6) answered that 

“No, this framework is a good stepping up”. Meanwhile, other three interviewees 

recommended some improvements, the first interviewees recommended to develop an 

adoption steps to help the industry practitioners to implement the framework, he said that 

“I would introduce it to the industry in several steps to avoid confusion. The framework 

has many details which might be difficult for practitioner to digest in one go”. 

Additionally, the fourth interviewee recommended to highlight the tasks that BIM will be 

used to execute it to avoid any duplications in the processes since the three BIM 

dimensions (3D, 4D and 5D) are utilised over the IPD stages. The third interviewee 

recommended added new feature to the CCMS4IPD, which is considering the impact of 
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claims, she commented that “I would add if there is any pending claims with financial 

implications to make all aware of possible risk or loss”. However, IPD as a process targets 

to minimise the claims since the management of the project is shared, therefore, there is 

no a dominant party. Given that this research proposed a new set of tools such as the 

CCMS, as well as using the blockchain/smart contract. The seventh interviewee (P7) said 

that “It has the potential to support IPD-based cost management. However, however 

some training has to be provided for the users.” Therefore, the future research should 

include real implementations on some companies to measure the applicability of the 

CCMS4IPD system, as well as, the smart contract-based IPD. Figure 81 shows the word 

tree for the ‘Framework’, it can be seen that the content of the three indicates that the 

interviewees agreed the ability of the framework to overcome the endemic challenges of 

implementing the IPD approach, particularly, the challenges related to the cost 

management process (sharing risk/reward and the transparency in sharing the financial 

information). 

Figure 81.The outcome of words relationships search for words (framework) 

8.4.5. The Implications of Blockchain and Smart Contracts 

Given that blockchain technology is not widely implemented in the AEC industry, 

therefore, the researcher elaborate in this point in the virtual interview with providing in-
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depth explanations to interviewees, as well as, displaying the developed real blockchain 

network and smart contract with focusing on the smart contract functions that should be 

evaluated. The interviewees’ responses reflect their consents regarding the applicability 

of the proposed smart contract functions to enhance the trust among IPD core team 

members, for instance, the first interviewee (P1) commented that “Absolutely, we need 

more use cases of blockchain on the construction industry and this one presents an ideal 

use case for the industry. Blockchain can be the future of contracts and finance 

management on projects. This work showcases the possibilities of blockchain”. Indeed, 

the fifth interviewee (P5) mentioned that “yes it does, due to different features such as the 

existence of risk and reward calculator”. Even though, all participants confirmed the 

feasibility of blockchain/smart contract-based IPD framework to enhance the trust among 

project parties, however, the seventh interviewee highlighted that “It has the potential to 

support collaboration among the team, however as you know trust is a social element so 

attention must be given to cultural issues around the project environment.”. Figure 82 

confirms the consent of the interviewees regarding the applicability and validity of the 

developed smart contract-based IPD.  

Figure 82.The outcome of words relationships search for words (blockchain). 
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8.4.6. The Degree of Satisfaction of the Framework and Prototype  

Given most of the questions were asked to retrieve the participant’s views, with asking 

for the reasons behind saying yes or no. Figure 83 shows the words three of word ‘Yes’ 

that has been repeated in all interviewee responses, which reflects their general 

satisfaction.  

 

Figure 83.The outcome of words relationships search for words (Yes) 
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8.5.SUMMARY  

This chapter presented the validation of the research findings, the content and systematic 

analysis of interviewees’ responses confirm the validity of the research findings to bridge 

the revealed gap. The outcome of the analysis of interviews can be concluded as follows: 

• The developed cost management system can works efficiently to deliver a proper 

cost management tasks over the entire IPD stages, to be more specific, CCMS can 

help to automate all calculations of cost estimation, budget and risk/reward values, 

as well as, sharing all data through smart web-based management system to enable 

all parties to access these data regardless of their geographical zones.  

• The interviewees confirm the usability, flexibility and applicability of the 

developed ICT tools such as the web-based management system (CCMS4IPD) 

and the blockchain/smart contract.  

• Some of the participants recommended this research to be introduced to the 

industry through steps of implementations to enable the practitioners to adopt its 

sophisticated tools and tasks. In other words, the research findings needs to be 

presented as technical reports for end users. 

• Moreover, adding new features such as the impact of the claims, however, this 

was not in the scope of the research. Therefore, this will be considered in the future 

research as the same developed methodology of adopting blockchain to automate 

payment process can be reflected on other delivery approaches such as design and 

build approach.  
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CHAPTER NINE: CONCLUSION, RECOMMENDATION AND FUTURE 

WORKS 

9.1.INTRODUCTION  

This chapter summarises the research findings for each objective. The chapter includes 

three main sections, (1) the achievement of research objectives, (2) research limitations 

and future works, (3) the practical implications of the research. The achievement of the 

first three objectives develop the CCMS for the IPD approach, meanwhile, the fourth 

objective including two secondary objectives develop the DCMS using the blockchain 

network. The research limitations pertain to both framework development and the 

prototype tools are presented. All limitations that are subjected to future works such as 

enhancing the integration between the developed CCMS4IPD web system and the BIM 

models are introduced. The practical implications of the research, as well as, for each sub-

process in the developed cost management system is presented to maximise the benefits 

of this research. 

9.2.ACHIEVEMENT OF RESEARCH OBJECTIVES  

Objective 1: To explore the existing cost management practices for the IPD 

approach, as well as, identifying the deficiencies in the existing practices. 

The literature review was used to explore the cost management practices that have been 

mentioned in relevant research. In addition, a survey was conducted in order to explore 

the practices from industry perspectives. By reviewing the literature, a set of bad practices 

regarding estimation, budgeting and control (sharing risk/reward calculations) were 

revealed such as the misallocation of overhead costs that distorts the compensation 

structure of the IPD parties, the lack of utilising BIM to develop a cost budget plan using 

4D and 5D BIM models, the lack of integration between the cost tasks that does not enable 

a proper cost control and there is no an automated system that enables determining 
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risk/reward to enhance the trust and collaboration among IPD core team members. The 

survey highlighted that the new characteristics of IPD such as there is no a tender stage 

and the pricing is open-book, the early involvement of participants and risk/reward 

sharing requires a new cost management system that can provide the required data 

through the entire IPD stages. The survey is also revealed that there is a lack in 5D BIM 

as existing to work as a platform for the IPD approach, particularly, it does not consider 

the entire cost structure element (Direct, indirect and overhead costs). Some 

improvements are required to enhance utilising 4D and 5D BIM, particularly for 

developing the S curve (Cost budget). The challenges of the cost managements of IPD 

were identified and the second objective is to explore how the existing methods can be 

integrated/extended to deal with such revealed challenges.  

Objective 2: To explore and verify the capabilities of the existing tools that can 

enhance the cost management process for the IPD approach. 

By comparing the revealed challenges from the first objective with a set of methods and 

tools, reviewing the literature shows that integrating the ABC method into 5D BIM could 

enhance the calculations of the IPD compensation structure. Additionally, integrating 

ABC into EVM could develop mathematical models to link between the outcome of the 

project performance and the risk/reward proportion for owner and non-owner parties. The 

survey highlighted that there are ten improvements as a result of (1) integrating ABC and 

EVM to enhance the cost management practices for IPD such as developing an automated 

model to show the duo payment for all parties based on their achievement against planned 

value and Providing an EVM grid to locate the Cost Performance Ratio (CPR) and 

Schedule Performance Ratio (SPR) to determine the holistic view of project progress. (2) 

Integrating Monte Carlo simulation into 5D BIM is proven as a solution to provide 

continuous cost estimation feedback in order to enhance the conceptual cost estimation 
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for TVD within IPD pre detailed design stages, (3) Utilising the ICT order to enhance the 

collaboration and trust among IPD core team members as it is highly recommended by 

both literature review and industry practitioners, two ICT applications have been 

identified, namely, web-based management system and blockchain technology.    

Objective 3: To develop a framework that deals with identified key challenges of 

cost management practices with implementing the IPD approach. Given, the cost 

management process comprises of three main processes, therefore, the framework 

will be divided as follows:  

• To revolutionise the cost structure of IPD through integrating Activity Based 

Costing into BIM. 

Exploiting the full potential of BIM, IPD and non-traditional cost estimation approaches, 

such as TVD, requires solutions that draw upon each approach’s capabilities and 

advantages and benefit from the synergy of their combined use. With research in this field 

still in its infancy, this research regarding the cost estimation based IPD contributes in 

several ways. Firstly, the theoretical foundations and details of an innovative framework, 

along with analytical considerations for integrating these methodologies, are discussed in 

detail, extending the body of knowledge on the topic. 

Secondly, the study moves one step ahead in revolutionising the cost structure, 

progressing from promoting the integration of various solutions as proposed in previous 

studies, to provide a workable, practical solution based on the integration of Monte Carlo 

simulation, TVD and ABC with BIM-enabled integrated project delivery (IPD). This 

provides researchers with a sound foundation for exploring the potential for such 

integrative approaches and for investigating potential improvement. 
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As well as its research-focused contributions, the achievement of this objective is also 

deemed invaluable for the world of practice. To be specific, the proposed framework 

provides a workable solution for BIM–IPD integration, producing reliable cost data from 

different sources that are applicable to various project delivery modes. Using BIM to 

develop a conceptual model that addresses client criteria enables the estimator who is 

building the statistical models to obtain a range of proposed costs against a degree of 

certainty. The achievement of this objective also open windows for further exploration 

for both researchers and practitioners alike.  

This research responds to calls for providing a workable solution for integration of BIM 

and IPD with cost-oriented tools that have proven their potential for cost estimation 

purposes like EVM and ABC (Pishdad-Bozorgi et al., 2013). Particularly, such 

integration will be a remedial solution to cost distortion problems that occur in applying 

existing methods (Miller, 1996, Kim and Ballard, 2001, Kim et al., 2011). Moreover, the 

model enhances the cost structure of BIM for IPD, as a recommended approach in the 

literature (AIA, 2007, Allison et al., 2018, Rowlinson, 2017).  

• To develop a budgeting methodology that enables project participants making 

the right decisions, this methodology depends on the integration of 4D and 5D 

BIM and ABC.  

The research presented a cash flow methodology framework to maximise the value of 

integrating 4D/5D BIM in generating the project cash flow within the IPD approach. The 

developed framework includes three steps to integrate 4D/5D BIM as follows: (1) 

Integration of cost and schedule data to solve the endemic problem of integrating WBC 

and CBS. This research adopted ABC for cost estimation since the costs are assigned to 

activities and not resources; (2) Linking cost/schedule data to BIM elements for grouping 

and sorting the project packages and the IPD’s buyout stage, which requires a separate 
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cash flow plan for each package; and (3) Providing project parties with all required 

financial data for informed decision making, such as providing contractors with the 

estimated maximum/minimum cash inflow and giving indications to trade contractors for 

all possible overdrafts that might occur during the project execution stage.  

The overhead resources are presented as activities, to enable determining the right 

proportional of overhead consumption for each trade package. This process leads to a 

reliable IPD cost profile structure to all project participants and enables contractor in 

taking timely/informed decisions at the buyout stage.  

In practical terms, findings will be invaluable for IPD users, given the simplicity and user-

friendliness of proposed models. All the tasks are aligned with the implementation stages 

and easily expressed to allow IPD users to predict all possible financial consequences 

during the project execution stage. Furthermore, the presented methodology framework 

prevents IPD cost distortion by distinguishing between all overhead costs and the agreed 

profit percentage.  

• To develop statistical models to control project cost/schedules with enabling 

determine risk/ reward monetary values for each party at each milestone 

payment. 

The study is an attempt to propose a model, to exploit EVM to calculate risk/reward 

sharing in the IPD approach, as well as, using ABC to optimise the cost structure for IPD 

projects. Due to the complexity of structuring a compensation system fairly, within the 

IPD approach for BIM projects, the proposed model was articulated to facilitate adopting 

BIM under the IPD approach. The model assists in sharing cost savings, which represents 

a significant barrier in implementing IPD, through managing this issue by adopting the 

ABC estimation method that enables distinguishing different types of activities within the 
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project organisation hierarchy, and thus, differentiating between the overhead sustaining 

level and project level. In case of sharing overhead cost saving of overhead resources, the 

source of this saving will be determined, which will minimise the conflicts amongst all 

stakeholders. Furthermore, the research presented an EVM-Web grid that will enhance 

the collaboration among all stakeholders and increase the trust among project participants 

- since all the processes are implemented automatically, with minimal human interfering.  

With the above in mind, the study is novel in several ways. That is, this research 

introduces an innovative grid that locates the Cost Performance Ratio (CPR), and 

Schedule Performance Ratio (SPR) to provide a picture of project position in terms of 

cost and schedule. Furthermore, it integrates the EVM-Grid with the ABC estimating 

method to optimise the cost structure, which is positively reflected in the compensation 

structure. In addition, the findings present models that deal with risk/reward sharing, 

through considering new directions, to ensure fair sharing using ABC sheets and 

distinguish between the direct and overhead cost saving. For the overhead cost, the 

framework distinguishes between the sustaining/organisation level and the project level. 

Additionally, the EVM-Grid has been developed as a web system to allow the participants 

to easily track their project.  

The model presented here also addresses some chief deficiencies of EVM (c.f.Kim and 

Ballard, 2010, Kim and Ballard, 2002). That is, EVM relies on Management by Results 

(MBR) thinking, a quantities method that overlooks the relationships among activities at 

the operational level and does not take into account the interdependences and the 

workflow of resources amid project packages, which results in unfair control results of 

project works. In response to this, the proposed solution integrates ABC into EVM. The 

outcome enhances the capability of analysing unit costs, either resources or activities, as 
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well as enabling the tracking source of resources and needed activities to obtain the unit 

(Morgan et al., 1998).  

To exploit the revolutionary blockchain technology to automate the main three 

transactions (reimbursed costs, cost saving and profit). There are two main reasons 

beyond the adoption of blockchain: 

• To enhance the transparency among project parties by keeping all endorsed 

transactions away from any amendments since this is the main feature of the 

blockchain Distributed Ledgers (DL). 

• To assess the performance of project parties during the project execution, this 

could be done in buyout stage through inquiring the value of the three 

transactions (reimbursed costs, cost saving and profit). 

This study is one of the first in its kind that showcases the potential of blockchain and 

smart contracts technologies in addressing financial management deficiencies of IPD. In 

particular, the capabilities of hyperledger fabric are demonstrated, given that findings 

point to the alignment of its characteristics with IPD features. The IPD financial 

terms/processes are revolutionised to be consistent with the IPD financial characteristics. 

Since the number of transactions at each payment milestone is various based on the 

project performance, mathematical models are developed for each scenario, in which, 

gives the potential users a methodology to articulate the project performance as monetary 

values—specific transaction for each limb in the IPD such as profit, cost saving and 

reimbursed costs—subsequently, the party can invoke these values through the 

hyperledger fabric network as proposed. 

The proposed financial system considers all distinguished characteristics of IPD, 

therefore, a wide range of flexibility is taken into consideration regarding the scalability 



  

290 
 

to enable any party to join the network (project) after the network is built up, however, 

the security and privacy merits have been taken into the consideration since the 

hyperledger fabric is permissioned blockchain, therefore the party needs to have specific 

details such as CA, MSP.  

With the above in mind, the study is novel in several ways. That is, this research 

introduces an innovative way to deal with most of IPD shortcomings regarding financial 

management in a single/integrated platform, as well as it is a step ahead to integrate 

blockchain technology into the AEC industry with proving its real applications rather than 

exploring the possibilities and potentials.  

In practical terms, the findings will be invaluable for IPD adopters, given the simplicity 

and user-friendliness of the proposed financial system with respecting all IPD goals and 

merits. The IPD, BIM and blockchain are aligned together in a dynamic process to allow 

IPD users to exploit all available capabilities with noting that BIM is highly recommended 

to work with the IPD approach. Therefore, all input data for the endorsement policies are 

designed to be derived from BIM models, particularly 4D and 5D.  

Objective 4: To develop and verify a “proof of Concept” that demonstrate all 

proposed tools of the developed framework using BIM and Blockchain technologies.   

A system has been developed, which is called CCMS that includes cost database structure 

based on ABC and EVM methods. This system includes a database that was created using 

MS Access in order to automate the estimation process, cost budget data and automating 

the calculations of risk/reward for owner and non-owner parties by programming the 

developed risk/reward models as calculation fields into the database. In order to enable 

linking the developed database with a system, therefore, the database has been 

synchronised with an online system is called “Caspio”. The data has been linked with an 

interactive website, which was named “CCMS4IPD”, this website is smart since any party 
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can log in using an agreed authentication information , then can search using their package 

names to get access to the cost estimation, budgeting and risk/reward values—financial 

report. The proposed EVM grid has been developed using MS Excel-enabled Macros and 

it is linked to the website to enable generating a graphical report.  

Regarding the blockchain, a proof of concept is then developed to test the applicability of 

the framework, the following tools have been used.  

• IBM blockchain cloud beta 2 platform due to it is a user-friendly manner, as well 

as, this tool does not require skilled operators with high levels of competency. 

This will be therefore easy-to-use tool and applicable for general practitioners 

across the AEC industry, even junior and novice users. 

•  IBM VSCode blockchain extension that enables writing the smart contract with 

providing templates to help novice users to write the function in the right way. 

Objective 5: To evaluate the research outcome and measure the potential users' 

satisfaction for the developed tools, as well as, making recommendations for future 

research. 

An illustrative case study was used to measure the applicability, scalability and validity 

of the developed tools. Through testing the outcome of these tools, the entire system 

showed its capability to perform all tasks under different scenarios. Subsequently, seven 

interviews were conducted with IPD and BIM experts, the interviewees showed great 

satisfaction regarding the developed framework and tools such as CCMS and blockchain 

network. The interviewees recommended the CCMS to the industry in order to enhance 

the cost management practices. They also recommended extending the blockchain 

network and smart contract to perform more functions. Moreover, the proposed 

framework can be presented to the industry in stages to enable adopting it. The practical 
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implications of the developed web-based management system (CCMS4IPD) were clear 

for all participants, that’s why all their answers were positive towards the potential 

applicability of the system, as well as, the entire system is user-friendly. The future of 

research for each task is extended and presented in a separate section in this chapter.  

9.3.RESEARCH PRACTICAL IMPLICATIONS 

9.3.1. The Practical Implications of CCMS  

The developed CCMS provides an integrated platform to IPD users, this system considers 

all relevant processes such as coupling IPD and BIM to deliver the project. The proposed 

system considers the three main tasks in the cost management (Estimation, budget and 

control). The estimation platform has been designed/developed according to the 

developed framework as an automated ABC sheet is developed to determine the overhead 

costs and other sheets to determine other costs based on retrieved information from 3D 

BIM model. The proposed model is designed to be user-friendly through providing clear 

and efficient user interfaces for only required inputs and automatically all calculated 

fields will be automatically determined.  

Regarding the cost budget, a distinguished presentation way of the data is presented in 

this system by providing separate curves of direct and indirect costs, overhead costs and 

the accumulative BCWS, as well as, the minimum/maximum cash inflow. All these are 

calculated automatically and presented in the web-interface to enable parties searching 

for their package budget information. This will enable parties to make the proper decision 

during the buyout stage based on rich information whether as budget metrics or graphical 

data. The automation in calculating these fields enable users to apply such a sophisticated 

process which is integrating ABC into 4D BIM to calculate the cost budget of each trade 

package.  
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The developed financial report includes all needed information both the collected data 

and the results that show the values of risk/reward—Profit cost saving and reimbursed 

costs— for owner and non-owner parties. The profit, cost saving and reimbursed costs 

are calculated automatically in the CCMS and linked with the CCMS4IPD website, 

accordingly, any party can log in and search using the milestone number (i.e. 1, 2), 

subsequently, the financial report will be available after providing the security 

information. It includes the general status of the project as proposed in the framework. 

Additionally, the user can move from this report to the graphical report (EVM grid) in 

order to see the amount of deviation from the neutral point (on cost/on schedule). This 

enables the inexpert owners and trade contractors to interact efficiently in the core team 

of the IPD project as this will maximise their understandings to such sophisticated 

financial process.  

In practical terms, the findings will be invaluable for novice BIM users, given the 

simplicity and user-friendliness of the proposed models. All the tasks are aligned with the 

implementation stages and easily expressed to allow novice users to collect the required 

data promptly. 

9.3.2. The Practical Implications of DCMS—Blockchain based IPD. 

The proof of concept provided here presents a workable solution to one of the major 

challenges of adopting IPD in the construction industry, namely, managing financial 

transactions among project parties under the distinguished characteristics of IPD. This is 

accomplished through proposing a methodology to determine all financial values as s set 

of transactions that should be submitted at each payment milestone. The number of 

submitted transactions should be evaluated based on the generic performance of the 

project. For example, in an optimal scenario when  the project has achieved a cost saving, 

therefore, three transactions should be invoked by the trade contractor, the reimbursed 
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costs, profits, and the cost saving. These three transactions can be invoked in the presented 

blockchain (Hyperledger fabric) network as the developed smart contract includes these 

three transactions, as well as another transaction from inquiry to enable any party to check 

the project financial progress, regardless of the party geographical zone. Validating the 

proposed framework by applying it on a real network and developing a smart contract 

includes all needed functions, this research offers the details of a workable solution to the 

documented financial decencies of IPD, as discussed below.  

• The profit pooling – paying profits after all project works are completed, 

regardless of the trade packages timeline (Roy et al., 2018) – has been solved as 

all profit transactions will be received by the profit pool after passing the 

automated endorsement and the validation processes. Subsequently, all recorded 

values will be immutable and any potential amendments could cause destruction 

to the entire network.  

• Another revealed an endemic financial issue with IPD was the inconsistency of 

accounting between the owner and non-owner parties (Ashcraft, 2011, Kent and 

Becerik-Gerber, 2010, Lichtig, 2006) that can lead to misunderstanding among 

parties. This is in contradiction to the main purpose of IPD to create a sustainable 

relationship. Therefore, the hyperledger fabric has a single/consistent electronic 

format to record the data and all parties will receive the inquired data in the same 

sequence, amounts and tokens (i.e. currencies).  

• The promise of IPD is management by decentralised teams – there is no dominant 

party. This necessitates intensive meetings to make all required decision 

(Ashcraft, 2012, Roy et al., 2018). The proposed utilisation of the IPD-based 

blockchain can reduce the need for such intensive meetings, due to all financial 

issues being managed through the hyperledger fabric network. As another 
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advantage in facilitating decision making among IPD core team members, the 

endorsement policies include rigours algorithms to define the paths of decision, 

in terms of identity of decision-makers and the effectiveness of previous decisions 

(i.e. the consultant party should validate all financial data, therefore, this party as 

a vital decision-makers should be mentioned in all decision paths).  

• According to Pishdad-Bozorgi and Beliveau (2016), IPD targets creating 

sustainable relationships among parties in the AEC industry. This requires 

performance evaluation by the end of the project, in terms of achieved reward 

against risks for each party. To conduct this, the hyperledger fabric network, 

through the inquiry function, can provide all recorded accumulative risk/reward 

values for each node (party) in the network. As such, the owner can determine the 

partiers who achieved their targets for informed decision making on future 

collaboration. 

In practical terms, this study provides a workable solution to overcome the documented 

challenges of adopting blockchain in the construction industry. The proposed proof of 

concept offers several benefits: 

• A network blockchain that uses cryptocurrencies instead of fiat currencies and 

the contradiction between the private ledger in the bank and the distributed ledger 

in the blockchain has been managed through utilising the hyperledger fabric – 

depends on tokens in sending transactions – to build the network, as well as, 

deploying the smart contract. IPD requires only to record the three main 

transactions (profit, cost saving and the reimbursed costs) and the actual money 

can be sent through the normal bank accounts.  

• There are contractual challenges like the necessity of coding of unstraightforward 

legal concepts and other practical challenges. With that in mind, this study 
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succeeds in developing a smart contract that includes all the needed functions; 

non-coded expressions and elements will not affect the efficiency of the entire 

financial process. 

• This study opens new horizons towards promoting the adoption of blockchain in 

the AEC industry, as well as, moving from the conceptual stage to the empirical 

real of applications of blockchain use cases. This provides a steppingstone from 

which future research studies can be directed through presenting the merits of 

blockchain in the form of a workable solution to IPD challenges, which 

alternatively requires sophisticated financial management processes. The same 

concept can be applied to other procurement approaches – the financial aspects 

of each approach. 

9.4.RESEARCH LIMITATION AND FUTURE RESEARCH  

Given this research is to develop an integrated cost management system of IPD and this 

system comprises of different tasks, therefore, there are some limitations pertain to each 

process. Below shows these limitations and how will be considered in future research.  

9.4.1. Cost Estimation 

The cost estimation in this research is the expected cost; therefore, the market and 

allowable cost were not considered due to the need for application in a real-life case 

project. Moreover, the objective of the research was to prepare a detailed and continuous 

estimation technique for IPD, with the contingency and risk factors having been 

considered as part of the profit-at-risk percentage. All these limitations provide fertile 

grounds for research to improve the proposed framework and develop an integrated cost 

management system for IPD projects using Building Information Modelling (BIM).  
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Moreover, the calculation of the cost contingency was out of the scope since this research 

interest to enhance the process of cost management and the risk allocation will be 

considered in future research and subsequently added to the compensation structure. 

However, this does not affect the findings and the applicability of the cost estimation in 

the CCMS.  

9.4.2. Cost Budget  

The chief limitation of this research concerns the use of different platforms to implement 

the proposed framework, thus exposing the study to issues of interoperability. However, 

in the current study, all the proposed platforms are interoperable, such as Revit, 

Navisworks and Excel. Future studies can overcome this by defining the development of 

Navisworks plug-ins to develop a cost management system within IPD, using the 

application programming interface (API), coded by C#.NET. Particularly, to develop the 

budget metrics (i.e. minimum/maximum cash inflow) inside the 4D BIM platforms 

without needing to extract the data to an external spreadsheet.  

9.4.3. Cost Control and Developed Sharing Risk/Reward Model  

Despite the contributions as discussed, the findings of the study must be applied in view 

of some limitations. That is, the proposed sharing risk/reward equations rely on giving 

identical weights to cost/schedule in determining the participant’s performance. 

Presenting the outcome of the discussed case study was also based on the same 

assumption. Though a limitation, the model is flexible, so that user can change the degree 

of importance, through multiplying CPR and SPR by any agreed decimal value, to give 

preference to one parameter over another. Other extensions are required, such as ranking 

the performance of the project’s parties. This is required to enable sustaining relationships 

as the main target of using IPD in construction projects. Nevertheless, further research is 
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in progress to maximise the advantage of the presented model, moreover maximising the 

benefit of implementing IPD within the AEC industry.  

The findings in this part of research can be used to develop a  plug-in to be designed to 

be embedded, using Application Programming Interface (API) that is coded by C#.NET 

instead of the developed CCMS , on any BIM 4D and 5D platform, such as Navisworks. 

Focusing on the concept of open BIM, with developing a vendor-free IFC-based platform, 

compatible with various BIM packages, provides another fertile area for research into the 

topic. Moreover, the developed EVM-web grid will be working as a smart tool to provide 

recommendations for the optimal corrective actions that need to be taken to minimise the 

losses, and correctly assign the problem to the relevant person to ensure it is solved in a 

timely manner.  

Regarding the developed DCCMS—IPD-Based blockchain, given that this research 

developed a platform to deal with the financial challenges of implementing IPD projects, 

therefore, this research can be extended horizontally since the proposed financial system 

is validated by developing a “Proof of Concept”, therefore, a fully integrated prototype 

that includes an automated way to retrieve the data from BIM model to the blockchain 

network–to develop the endorsement policy—will be developed in future research. There 

is much more to be done in improving the proposed prototype. The developed framework 

can be extended vertically by adding more functions such as contingency costs so that 

each party can invoke this function to record the incurred values and unneeded proportion 

and other legal terms can be coded to automate the entire process and reduce the impact 

of the third party to the smart contract, and subsequently these functions can be invoked 

and add new features to the network. Moreover, this study presented a generic 

methodology to develop a blockchain network and smart contract for the IPD, therefore, 
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the same methodology that was used with the IBM blockchain platform can be used with 

any other platforms such as Oracle.  

Given that IPD has a sophisticated financial process and the developed framework system 

showed its applicability to provide reliable solutions, hence, this framework can be 

extended to work with different delivery approaches such as Design-Build (DB) 

approach. In this case, some changes should be considered as (1) the endorsement policy, 

ordering policy need to be amended since the risk/reward sharing mechanism is not 

utilised, (2) the functions in the smart contract needs to be adjusted as only a single 

payment should be invoked in DB approach, (3) the blockchain network members will be 

different as the subcontractors cannot be a participant due to there are no a contractual 

relationships between owner and them.  

Even though, the applicability and practicability of the framework is validated using an 

illustrative case study, however, further validation is required through conducting case 

study research, in order to observe attitudes of project stakeholders regarding the 

applicability of the proposed financial system. 

9.5.SUMMARY  

This chapter summarised the research findings, provided an overview of the achievement 

of research objectives, Practical implications and limitations and future research. This 

research presented the development of a centralised/decentralised cost management 

system for the IPD approach, this system is developed to overcome the revealed 

challenges from reviewing the literature review and the questionnaire. Hence, this will 

foster the implementation of the IPD approach. The limitations and future research are 

summarised for each process in the entire cost management system—Cost estimation, 

budgeting and risk/reward sharing—as well as providing future directions to maximise 
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the benefits of the blockchain and smart contract technologies to revolutionise the 

financial management for the IPD approach. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

301 
 

10. References  

(ICE), I. O. C. E. 2018. BLOCKCHAIN TECHNOLOGY IN THE CONSTRUCTION INDUSTRY Digital 
Transformation for High Productivity. 

ABOURIZK, S., BABEY, G. & KARUMANASSERI, G. 2002. Estimating the cost of capital projects: an 
empirical study of accuracy levels for municipal government projects. Canadian Journal 
of Civil Engineering, 29, 653-661. 

ABOWITZ, D. A. & TOOLE, T. M. 2009. Mixed method research: Fundamental issues of design, 
validity, and reliability in construction research. Journal of construction engineering and 
management, 136, 108-116. 

ABRISHAMI, S., GOULDING, J., POUR RAHIMIAN, F. & GANAH, A. 2015. Virtual generative BIM 
workspace for maximising AEC conceptual design innovation: A paradigm of future 
opportunities. Construction Innovation, 15, 24-41. 

ABRISHAMI, S., GOULDING, J., RAHIMIAN, F. P. & GANAH, A. 2014. Integration of BIM and 
generative design to exploit AEC conceptual design innovation. Information Technology 
in Construction, 19, 350-359. 

ADAMS, C. A. & FROST, G. R. Integrating sustainability reporting into management practices.  
Accounting Forum, 2008. Taylor & Francis, 288-302. 

ADLER, J., BERRYHILL, R., VENERIS, A., POULOS, Z., VEIRA, N. & KASTANIA, A. 2018. Astraea: A 
decentralized blockchain oracle. arXiv preprint arXiv:1808.00528. 

ADRIAANSE, A., VOORDIJK, H. & DEWULF, G. 2010. The use of interorganisational ICT in United 
States construction projects. Automation in construction, 19, 73-83. 

AHIAGA-DAGBUI, D. D. & SMITH, S. D. 2014. Rethinking construction cost overruns: cognition, 
learning and estimation. Journal of Financial Management of Property and Construction, 
19, 38-54. 

AHMAD, I., AZHAR, N. & CHOWDHURY, A. 2019. Enhancement of IPD Characteristics as Impelled 
by Information and Communication Technology. Journal of Management in Engineering, 
35, 04018055. 

AHMED, N. U. 1995. A design and implementation model for life cycle cost management system. 
Information & Management, 28, 261-269. 

AHSAN, M. & KHAN, S. 1982. Optimum allocation in multivariate stratified random sampling with 
overhead cost. Metrika, 29, 71-78. 

AIA. 2007. Integrated Project Delivery: A Guide. 2007. Available: 
https://www.aia.org/resources/64146-integrated-project-delivery-a-guide. 

AIA 2010. Integrated project delivery: Case studies. Sacramento, CA: The American Institute of 
Architects California Council. 

AIBINU, A. & VENKATESH, S. 2013. Status of BIM adoption and the BIM experience of cost 
consultants in Australia. Journal of Professional Issues in Engineering Education and 
Practice, 140, 04013021. 

AKINTOYE, A. & FITZGERALD, E. 2000. A survey of current cost estimating practices in the UK. 
Construction Management & Economics, 18, 161-172. 

AKYOL, D. E., TUNCEL, G. & BAYHAN, G. M. 2005. A comparative analysis of activity-based costing 
and traditional costing. World Academy of Science, Engineering and Technology, 3, 44-
47. 

AL-JIBOURI, S. H. 2003. Monitoring systems and their effectiveness for project cost control in 
construction. International Journal of Project Management, 21, 145-154. 

ALI, A. & KAMARUZZAMAN, S. 2010. Cost performance for building construction projects in 
Klang Valley. Journal of Building Performance, 1. 

ALINAITWE, H., APOLOT, R. & TINDIWENSI, D. 2013. Investigation into the causes of delays and 
cost overruns in Uganda's public sector construction projects. Journal of Construction in 
Developing Countries, 18, 33. 

https://www.aia.org/resources/64146-integrated-project-delivery-a-guide


  

302 
 

ALLISON, M., ASHCRAFT, H., CHENG, R., KLAWANS, S. & PEASE, J. 2017. INTEGRATED PROJECT 
DELIVERY An Action Guide for Leaders [Online]. Lean Construction Institute. Available: 
https://www.leanconstruction.org/lci-news/integrated-project-delivery-an-action-
guide-for-leaders/ [Accessed 20 December 2018]. 

ALNUAIMI, A. S., TAHA, R. A., AL MOHSIN, M. & AL-HARTHI, A. S. 2009. Causes, effects, benefits, 
and remedies of change orders on public construction projects in Oman. Journal of 
Construction Engineering and Management, 136, 615-622. 

ALSAAWI, A. 2014. A critical review of qualitative interviews. European Journal of Business and 
Social Sciences, 3. 

ALSHARARI, N. M. 2016. Results based costing (RBC) system: Questioning the unit of analysis in 
ABC. Corporate Ownership and Control, 13, 587-603. 

ALSHAWI, M. & INGIRIGE, B. 2003. Web-enabled project management: an emerging paradigm 
in construction. Automation in construction, 12, 349-364. 

ALSHENQEETI, H. 2014. Interviewing as a data collection method: A critical review. English 
Linguistics Research, 3, 39-45. 

ALTERNATIVE, W. B. Do You Need?  Data Privacy Management, Cryptocurrencies and Blockchain 
Technology: ESORICS 2018 International Workshops, DPM 2018 and CBT 2018, 
Barcelona, Spain, September 6-7, 2018, Proceedings, 2018. Springer, 113. 

ALVES, T. D. C. L., LICHTIG, W. & RYBKOWSKI, Z. K. 2017. Implementing Target Value Design: 
Tools and Techniques to Manage the Process. HERD: Health Environments Research & 
Design Journal, 10, 18-29. 

ALWISY, A., BOUFERGUENE, A. & AL-HUSSEIN, M. 2018. Framework for target cost modelling in 
construction projects. International Journal of Construction Management, 1-16. 

AMOS, S. J. 2004. Skills & knowledge of cost engineering, AACE International Morgantown, WV. 
ANDALIB, R., HOSEINI, A. & GATMIRI, B. 2018. A stochastic model of cash flow forecasting 

considering delays in owners’ payments. Construction Management and Economics, 36, 
545-564. 

ANDERSEN, B., SAMSET, K. & WELDE, M. 2016. Low estimates – high stakes: underestimation of 
costs at the front-end of projects. International Journal of Managing Projects in 
Business, 9, 171-193. 

ANDONI, M., ROBU, V., FLYNN, D., ABRAM, S., GEACH, D., JENKINS, D., MCCALLUM, P. & 
PEACOCK, A. 2019. Blockchain technology in the energy sector: A systematic review of 
challenges and opportunities. Renewable and Sustainable Energy Reviews, 100, 143-
174. 

ANDROULAKI, E., BARGER, A., BORTNIKOV, V., CACHIN, C., CHRISTIDIS, K., DE CARO, A., 
ENYEART, D., FERRIS, C., LAVENTMAN, G. & MANEVICH, Y. Hyperledger fabric: a 
distributed operating system for permissioned blockchains.  Proceedings of the 
Thirteenth EuroSys Conference, 2018. ACM, 30. 

ANDROULAKI, E., CACHIN, C., DE CARO, A., KIND, A. & OSBORNE, M. Cryptography and protocols 
in hyperledger fabric.  Real-World Cryptography Conference, 2017. 

AOUAD, G., KAGIOGLOU, M., COOPER, R., HINKS, J. & SEXTON, M. 1999. Technology 
management of IT in construction: a driver or an enabler? Logistics Information 
Management, 12, 130-137. 

ARANDA-MENA, G., CRAWFORD, J., CHEVEZ, A. & FROESE, T. 2009. Building information 
modelling demystified: does it make business sense to adopt BIM? International Journal 
of managing projects in business, 2, 419-434. 

ASHCRAFT, H. W. 2008. Building information modeling: A framework for collaboration. 
Construction Lawyer [Online], 28. Available: 
https://heinonline.org/HOL/Page?collection=journals&handle=hein.journals/conlaw28
&id=135&men_tab=srchresults. 

https://www.leanconstruction.org/lci-news/integrated-project-delivery-an-action-guide-for-leaders/
https://www.leanconstruction.org/lci-news/integrated-project-delivery-an-action-guide-for-leaders/
https://heinonline.org/HOL/Page?collection=journals&handle=hein.journals/conlaw28&id=135&men_tab=srchresults
https://heinonline.org/HOL/Page?collection=journals&handle=hein.journals/conlaw28&id=135&men_tab=srchresults


  

303 
 

ASHCRAFT, H. W. 2011. Negotiating an integrated project delivery agreement. Constr. Law. 
[Online], 31. Available: https://www.hansonbridgett.com/Publications/pdf/2010-12-
10-negotiating-an-integrated-project-delivery-agreement. 

ASHCRAFT, H. W. 2012. IPD Framework [Online]. Hanson Bridgett LLP. Available: 
https://www.hansonbridgett.com/Publications/pdf/ipd-framework.aspx [Accessed 26 
June 2018]. 

ASHCRAFT, H. W. 2014a. Integrated project delivery: a prescription for an ailing industry. Const. 
L. Int'l, 9, 21. 

ASHCRAFT, H. W. 2014b. The Transformation of project delivery. Constr. Law., 34, 35-58. 
ASHWORTH, A., HOGG, K. & HIGGS, C. 2013. Willis's practice and procedure for the quantity 

surveyor, John Wiley & Sons. 
ASHWORTH, A. & PERERA, S. 2015. Cost studies of buildings, Routledge. 
ASMAR, M. E., HANNA, A. S. & LOH, W.-Y. 2016. Evaluating Integrated Project Delivery Using the 

Project Quarterback Rating. Journal of Construction Engineering and Management, 142, 
04015046. 

AZHAR, N., FAROOQUI, R. U. & AHMED, S. M. Cost overrun factors in construction industry of 
Pakistan.  First International Conference on Construction in Developing Countries 
(ICCIDC–I), Advancing and Integrating Construction Education, Research & Practice, 
2008. 499-508. 

AZHAR, N., KANG, Y. & AHMAD, I. 2015. Critical Look into the Relationship between Information 
and Communication Technology and Integrated Project Delivery in Public Sector 
Construction. Journal of Management in Engineering, 31, 04014091. 

AZHAR, S., KHALFAN, M. & MAQSOOD, T. 2012. Building information modelling (BIM): now and 
beyond. Construction Economics and Building, 12, 15-28. 

BAKAR, N. A. & RAHIM, Z. A. 2014. Design-to-cost framework in product design using inventive 
problem solving technique (TRIZ). Journal on Innovation and Sustainability. RISUS ISSN 
2179-3565, 5, 3-17. 

BALIGA, A. 2017. Understanding blockchain consensus models. Persistent. 
BALLARD, G., DILSWORTH, B., DO, D., LOW, W., MOBLEY, J., PHILLIPS, P., REED, D., SARGENT, Z., 

TILLMANN, P. & WOOD10, N. How To Make Shared Risk and Reward Sustainable.  Proc. 
23rd Ann. Conf. of the Int’l. Group for Lean Construction, 2015a. 257-266. 

BALLARD, G., DILSWORTH, B., DO, D., LOW, W., MOBLEY, J., PHILLIPS, P., REED, D., SARGENT, Z., 
TILLMANN, P. & WOOD, N. How to Make Shared Risk and Reward Sustainable. In: 
SEPPÄNEN, O., GONZÁLEZ, V. A. & ARROYO, P., eds. 23rd Annual Conference of the 
International Group for Lean Construction, 2015/07/29 2015b Perth, Australia. Perth, 
Australia, 257-266. 

BANAFA, A. 2017. IoT and blockchain convergence: Benefits and challenges. IEEE Internet of 
Things. 

BANIHASHEMI, S., TABADKANI, A. & HOSSEINI, M. R. 2018. Integration of parametric design into 
modular coordination: A construction waste reduction workflow. Automation in 
Construction, 88, 1-12. 

BARBOUR, R. S. & SCHOSTAK, J. 2005. Interviewing and focus groups. Research methods in the 
social sciences, 1, 41-48. 

BARLISH, K. & SULLIVAN, K. 2012. How to measure the benefits of BIM—A case study approach. 
Automation in construction, 24, 149-159. 

BATSELIER, J. & VANHOUCKE, M. 2017. Improving project forecast accuracy by integrating 
earned value management with exponential smoothing and reference class forecasting. 
International journal of project management, 35, 28-43. 

BAUMEISTER, R. F. 2013. Writing a literature review. The Portable Mentor. Springer. 
BAUMEISTER, R. F. & LEARY, M. R. 1997. Writing narrative literature reviews. Review of general 

psychology, 1, 311-320. 

https://www.hansonbridgett.com/Publications/pdf/2010-12-10-negotiating-an-integrated-project-delivery-agreement
https://www.hansonbridgett.com/Publications/pdf/2010-12-10-negotiating-an-integrated-project-delivery-agreement
https://www.hansonbridgett.com/Publications/pdf/ipd-framework.aspx


  

304 
 

BAXTER, P. & JACK, S. 2008. Qualitative case study methodology: Study design and 
implementation for novice researchers. The qualitative report, 13, 544-559. 

BEDRICK, J. & RINELLA, T. 2006. A report on integrated project delivery. American Institute of 
Architects, Washington, DC. 

BELIAKOV, G. 2007. Construction of aggregation operators for automated decision making via 
optimal interpolation and global optimization. Journal of industrial and management 
optimization, 3, 193-208. 

BELL, E. & BRYMAN, A. 2007. The ethics of management research: an exploratory content 
analysis. British journal of management, 18, 63-77. 

BELLO, M. J. S. 2003. A case study approach to the supplier selection process. Master of 
engineering. Management Systems Engineering, University of Puerto rico mayaguez 
campus. 

BENDASSOLLI, P. F. Theory building in qualitative research: Reconsidering the problem of 
induction.  Forum Qualitative Sozialforschung/Forum: Qualitative Social Research, 2013. 

BENEDICKT, M. 1991. Cyberspace: first steps. 
BENHAMOUDA, F., HALEVI, S. & HALEVI, T. Supporting private data on Hyperledger Fabric with 

secure multiparty computation.  2018 IEEE International Conference on Cloud 
Engineering (IC2E), 2018. IEEE, 357-363. 

BERDIE, D. R. 1973. Questionnaire length and response rate. Journal of Applied Psychology, 58, 
278. 

BERGERUD, C. 2012. The top 10 challenges to effective cost controls. PMI® Global Congress 
2012. North America, Vancouver, British Columbia, Canada. Newtown Square, PA: 
Project Management Institute. 

BERSSANETI, F. T. & CARVALHO, M. M. 2015. Identification of variables that impact project 
success in Brazilian companies. International Journal of Project Management, 33, 638-
649. 

BIMCHAIN. 2018. Accelerating BIM through the Blockchain [Online]. Available: 
https://bimchain.io/ [Accessed 14/04/2019 2019]. 

BLAIKIE, N. 2007. Approaches to social enquiry: Advancing knowledge, Polity. 
BOON, J. & PRIGG, C. Evolution of quantity surveying practice in the use of BIM–the New Zealand 

experience.  Proceedings of the CIB International Conference on Management and 
Innovation for a Sustainable Built Environment, 2012. 84-98. 

BOUSSABAINE, A. 2013. Cost planning of PFI and PPP building projects, Routledge. 
BOYD, R. Scientific realism and naturalistic epistemology.  PSA: Proceedings of the biennial 

meeting of the Philosophy of Science Association, 1980. Philosophy of Science 
Association, 613-662. 

BRANDENBURGER, M., CACHIN, C., KAPITZA, R. & SORNIOTTI, A. 2018. Blockchain and trusted 
computing: Problems, pitfalls, and a solution for hyperledger fabric. arXiv preprint 
arXiv:1805.08541. 

BRANNEN, J. 2005. Mixing methods: The entry of qualitative and quantitative approaches into 
the research process. International journal of social research methodology, 8, 173-184. 

BRAUN, V. & CLARKE, V. 2012. Thematic analysis. 
BRINK, H. I. 1993. Validity and reliability in qualitative research. Curationis, 16, 35-38. 
BRODY, P. Fiat Currencies Are About to Become Essential to Public Blockchains [Online]. 

Available: https://www.coindesk.com/fiat-currencies-are-about-to-become-essential-
to-public-blockchains [Accessed 17/04/2019 2019]. 

BRYDE, D., BROQUETAS, M. & VOLM, J. M. 2013. The project benefits of building information 
modelling (BIM). International journal of project management, 31, 971-980. 

BRYMAN, A. 2006. Integrating quantitative and qualitative research: how is it done? Qualitative 
research, 6, 97-113. 

BRYMAN, A. 2008. Why do researchers integrate/combine/mesh/blend/mix/merge/fuse 
quantitative and qualitative research. Advances in mixed methods research, 87-100. 

https://bimchain.io/
https://www.coindesk.com/fiat-currencies-are-about-to-become-essential-to-public-blockchains
https://www.coindesk.com/fiat-currencies-are-about-to-become-essential-to-public-blockchains


  

305 
 

BRYMAN, A. 2016. Social research methods, Oxford university press. 
BRYMAN, A. & BECKER, S. 2012. Qualitative research. 
BRYMAN, A. & BELL, E. 2007. Business research strategies. Business research methods, 226-238. 
BÜCHMANN-SLORUP, R. & ANDERSSON, N. BIM-based scheduling of Construction–A 

comparative analysis of prevailing and BIM-based scheduling processes.  Proc., 27 th Int. 
Conf. of the CIB W78, 2010. 113-23. 

BURKE, L. A. & MILLER, M. K. Phone interviewing as a means of data collection: Lessons learned 
and practical recommendations.  Forum Qualitative Sozialforschung/Forum: Qualitative 
Social Research, 2001. 

CACHIN, C. Architecture of the hyperledger blockchain fabric.  Workshop on distributed 
cryptocurrencies and consensus ledgers, 2016. 

CACHIN, C. & VUKOLIĆ, M. 2017. Blockchain consensus protocols in the wild. arXiv preprint 
arXiv:1707.01873. 

CAFFIERI, J. J., LOVE, P. E. D., WHYTE, A. & AHIAGA-DAGBUI, D. D. 2018. Planning for production 
in construction: controlling costs in major capital projects. Production Planning & 
Control, 29, 41-50. 

CALADO, R., FELLOWS, R. & LIU, A. 2009. Research methods for construction. John Wiley & Sons. 
CALLAHAN, J. T. 1998. Managing transit construction contract claims, Transportation Research 

Board. 
CÂNDIDO, L., HEINECK, L. & BARROS NETO, J. D. P. Critical Analysis on Earned Value Management 

(EVM) technique in building construction.  annual conference of the international group 
for lean construction, 2014. 

CARBONARA, N. & PELLEGRINO, R. 2018. Public-private partnerships for energy efficiency 
projects: A win-win model to choose the energy performance contracting structure. 
Journal of cleaner production, 170, 1064-1075. 

CARDEIRA, H. 2015. Smart contracts and their applications in the construction industry. 
Romanian Construction Law Review. 

CARMICHAEL, D. G. & BALATBAT, M. C. 2010. A contractor's analysis of the likelihood of payment 
of claims. Journal of Financial Management of Property and Construction, 15, 102-117. 

CARTLIDGE, D. 2011. New aspects of quantity surveying practice, Routledge. 
CASADO-VARA, R., PRIETO, J., DE LA PRIETA, F. & CORCHADO, J. M. 2018. How blockchain 

improves the supply chain: Case study alimentary supply chain. Procedia computer 
science, 134, 393-398. 

CHANG, C.-Y., PAN, W. & HOWARD, R. 2017. Impact of Building Information Modeling 
Implementation on the Acceptance of Integrated Delivery Systems: Structural Equation 
Modeling Analysis. Journal of Construction Engineering and Management, 143, 
04017044. 

CHAPIN, F. S. 1917. The experimental method and sociology. The Scientific Monthly, 4, 133-144. 
CHARMAZ, K. & BELGRAVE, L. L. 2007. Grounded theory. The Blackwell encyclopedia of 

sociology. 
CHEA, A. C. 2011. Activity-based costing system in the service sector: A strategic approach for 

enhancing managerial decision making and competitiveness. International Journal of 
Business and Management, 6, 3. 

CHEN, G., ZHANG, G., XIE, Y.-M. & JIN, X.-H. 2012. Overview of alliancing research and practice 
in the construction industry. Architectural Engineering and Design Management, 8, 103-
119. 

CHEUNG, S. O., SUEN, H. C. & CHEUNG, K. K. 2004. PPMS: a web-based construction project 
performance monitoring system. Automation in construction, 13, 361-376. 

CHIANG, B. 2013. Indirect labor costs and implications for overhead allocation. Accounting & 
Taxation, 5, 85-96. 

CHO, D., RUSSELL, J. S. & CHOI, J. 2012. Database framework for cost, schedule, and performance 
data integration. Journal of Computing in Civil Engineering, 27, 719-731. 



  

306 
 

CHOU, J.-S., CHEN, H.-M., HOU, C.-C. & LIN, C.-W. 2010. Visualized EVM system for assessing 
project performance. Automation in Construction, 19, 596-607. 

CHRISTENSEN, L. B. & WARACZYNSKI, M. A. 1988. Experimental methodology, Allyn and Bacon 
Boston. 

CHRISTIDIS, K. & DEVETSIKIOTIS, M. 2016. Blockchains and smart contracts for the internet of 
things. Ieee Access, 4, 2292-2303. 

CHYNOWETH, P. 2008. Legal research. Advanced research methods in the built environment, 28-
38. 

CLACK, C. D. 2018. Smart Contract Templates: Legal semantics and code validation. Journal of 
Digital Banking, 2, 338-352. 

CLARKE, V. & BRAUN, V. 2013. Teaching thematic analysis: Overcoming challenges and 
developing strategies for effective learning. The psychologist, 26, 120-123. 

COHEN, L. & MANION, L. 1994. Research methods in education 4th edition Routeledge. London. 
COINTELEGRAPH. 2019. What Is Ripple. Everything You Need To Know [Online]. Available: 

https://cointelegraph.com/ripple-101/what-is-ripple [Accessed 19/04/2019 2019]. 
COLLIS, J. & HUSSEY, R. 2013. Business research: A practical guide for undergraduate and 

postgraduate students, Macmillan International Higher Education. 
CONVERSE, J. M. & PRESSER, S. 1986. Survey questions: Handcrafting the standardized 

questionnaire, Sage. 
COOPER, D. R., SCHINDLER, P. S. & SUN, J. 2006. Business research methods, McGraw-Hill Irwin 

New York. 
COOPER, H. M. 1984. The integrative research review: A systematic approach, Sage Beverly Hills, 

CA. 
CORBIN, J. & STRAUSS, A. 2008. Strategies for qualitative data analysis. Basics of Qualitative 

Research. Techniques and procedures for developing grounded theory, 3. 
CORBIN, J. & STRAUSS, A. 2014. Basics of qualitative research: Techniques and procedures for 

developing grounded theory, Sage publications. 
CORRY, M. D., FRICK, T. W. & HANSEN, L. 1997. User-centered design and usability testing of a 

web site: An illustrative case study. Educational technology research and development, 
45, 65-76. 

COSTA, A. A. & TAVARES, L. V. 2012. Social e-business and the Satellite Network model: 
Innovative concepts to improve collaboration in construction. Automation in 
Construction, 22, 387-397. 

COUGHLAN, M., CRONIN, P. & RYAN, F. 2007. Step-by-step guide to critiquing research. Part 1: 
quantitative research. British journal of nursing, 16, 658-663. 

COUSINS, S. 2018a. Blockchain could hold the key to unlocking BIM Level 3. online], London: 
CIOB. Available at: www. bimplus. co. uk/news/blockchain-could-hold-key-unlocking-
bim-level-3/[accessed 20 September 2018]. 

COUSINS, S. 2018b. French start-up develops Blockchain solution for BIM [Online]. Available: 
http://www.bimplus.co.uk/news/french-start-develops-blockchain-solution-bim/ 
[Accessed 14/04/2019 2019]. 

CRESWELL, J. W. 2013. Qualitative inquiry: Choosing among five approaches. Los Angeles, CA. 
CROTTY, M. 1998. The foundations of social research: Meaning and perspective in the research 

process, Sage. 
CROWDER, M. J. 2017. Statistical analysis of reliability data, Routledge. 
CUCCURU, P. 2017. Beyond bitcoin: an early overview on smart contracts. International Journal 

of Law and Information Technology, 25, 179-195. 
CUNNINGHAM, J. B. 1995. Strategic considerations in using action research for improving 

personnel practices. Public personnel management, 24, 515-529. 
CUNNINGHAM, W. A., PREACHER, K. J. & BANAJI, M. R. 2001. Implicit attitude measures: 

Consistency, stability, and convergent validity. Psychological science, 12, 163-170. 

https://cointelegraph.com/ripple-101/what-is-ripple
http://www.bimplus.co.uk/news/french-start-develops-blockchain-solution-bim/


  

307 
 

D. HOLT, G. & S. GOULDING, J. 2014. Conceptualisation of ambiguous-mixed-methods within 
building and construction research. Journal of Engineering, Design and Technology, 12, 
244-262. 

DAINTY, A. 2008. Methodological pluralism in construction management research. Advanced 
research methods in the built environment, 1, 1-13. 

DAINTY, A., MOORE, D. & MURRAY, M. 2007. Communication in construction: Theory and 
practice, Routledge. 

DALLAS, F. 2006. Value & risk management. E-kirja. Hoboken: John Wiley & Sons. Saatavissa: 
https://kaakkuri. finna. fi [viitattu 6.12. 2016]. 

DAMITIO, J. W. 2000. HAYES, Gary W.: KINTZELE, Philip L. Integrating ABC and ABM at Dow 
Chemical. 

DAS, T. & TENG, B.-S. 2001. A risk perception model of alliance structuring. Journal of 
International Management, 7, 1-29. 

DAVEY, L. 1990. The application of case study evaluations. Practical assessment, research, and 
evaluation, 2, 9. 

DAVIES, R., CRESPIN-MAZET, F., LINNE, A., PARDO, C., HAVENVID, M. I., HARTY, C., IVORY, C. & 
SALLE, R. 2015. BIM in Europe: Innovation networks in the construction sectors of 
Sweden, France and the UK. 

DAVIES, R. & HARTY, C. 2013. Implementing ‘Site BIM’: a case study of ICT innovation on a large 
hospital project. Automation in construction, 30, 15-24. 

DAWOOD, N. 2010. Development of 4D-based performance indicators in construction industry. 
Engineering, Construction and Architectural Management, 17, 210-230. 

DAWOOD, N. & MALLASI, Z. 2006. Construction workspace planning: assignment and analysis 
utilizing 4D visualization technologies. Computer‐Aided Civil and Infrastructure 
Engineering, 21, 498-513. 

DE ANDRADE, P. A., MARTENS, A. & VANHOUCKE, M. 2019. Using real project schedule data to 
compare earned schedule and earned duration management project time forecasting 
capabilities. Automation in Construction, 99, 68-78. 

DE MELO, R. S. S., DO, D., TILLMANN, P., BALLARD, G. & GRANJA, A. D. 2016. Target value design 
in the public sector: evidence from a hospital project in San Francisco, CA. Architectural 
Engineering and Design Management, 12, 125-137. 

DEBERNARD, D. 2008. Beyond collaboration—The benefits of integrated project delivery. AIA 
Soloso website. 

DELERUE, H. & SIMON, E. 2009. National cultural values and the perceived relational risks in 
biotechnology alliance relationships. International Business Review, 18, 14-25. 

DENARDO, A. M. 2002. Using NVivo to analyze qualitative data. 
DENSCOMBE, M. 2010. The Good Research Guide: for small social research projects. Glasgow, 

McGraw-Hill House. 
DENZIN, N. K. & LINCOLN, Y. S. 2008. Strategies of qualitative inquiry, Sage. 
DHILLON, V., METCALF, D. & HOOPER, M. 2017. The hyperledger project. Blockchain enabled 

applications. Springer. 
DING, L., ZHOU, Y. & AKINCI, B. 2014. Building Information Modeling (BIM) application 

framework: The process of expanding from 3D to computable nD. Automation in 
construction, 46, 82-93. 

DO, D., BALLARD, G. & TOMMELEIN, I. D. An analysis of potential misalignments of commercial 
incentives in Integrated Project Delivery and Target Value Design.  Proceedings of the 
23rd Conference of the International Group for Lean Construction, 2015. 277-286. 

DO, D., CHEN, C., BALLARD, G. & TOMMELEIN, I. Target value design as a method for controlling 
project cost overruns.  22nd Annual Conference of the International Group for Lean 
Construction, Oslo, 2014. 171-181. 

https://kaakkuri/


  

308 
 

DOLOI, H., IYER, K. & SAWHNEY, A. 2011. Structural equation model for assessing impacts of 
contractor's performance on project success. International journal of project 
management, 29, 687-695. 

DOLOI, H. K. 2011. Understanding stakeholders' perspective of cost estimation in project 
management. International journal of project management, 29, 622-636. 

DONOVAN, A. A. & KERNIGHAN, B. W. 2015. The Go programming language, Addison-Wesley 
Professional. 

DOSSICK, C. S., AZARI, R., KIM, Y.-W. & EL-ANWAR, O. 2013. IPD in practice: Sustaining 
collaboration in healthcare design and construction. AEI 2013: Building Solutions for 
Architectural Engineering. 

DOUGLAS, H. E. 2009. Reintroducing prediction to explanation. Philosophy of Science, 76, 444-
463. 

DOUVEN, I. 2011. Abduction. 
DUBOIS, A. & GADDE, L.-E. 2002. Systematic combining: an abductive approach to case research. 

Journal of business research, 55, 553-560. 
DUNN, J. R. & VARANO, M. W. 1999. Leveraging Web-based information systems. Information 

Systems Management, 16, 60-69. 
EADIE, R., BROWNE, M., ODEYINKA, H., MCKEOWN, C. & MCNIFF, S. 2013. BIM implementation 

throughout the UK construction project lifecycle: An analysis. Automation in 
construction, 36, 145-151. 

EADIE, R., BROWNE, M., ODEYINKA, H., MCKEOWN, C. & MCNIFF, S. 2015. A survey of current 
status of and perceived changes required for BIM adoption in the UK. Built Environment 
Project and Asset Management, 5, 4-21. 

EASTMAN, C., TEICHOLZ, P., SACKS, R. & LISTON, K. 2011a. BIM Handbook: A Guide to Building 
Information Modeling for Owners, Managers, Designers, Engineers and Contractors, 
Wiley. 

EASTMAN, C. M., EASTMAN, C., TEICHOLZ, P., SACKS, R. & LISTON, K. 2011b. BIM handbook: A 
guide to building information modeling for owners, managers, designers, engineers and 
contractors, John Wiley & Sons. 

EBRAHIMI, G. & DOWLATABADI, H. 2018. Perceived Challenges in Implementing Integrated 
Project Delivery (IPD): Insights from Stakeholders in the U.S. and Canada for a Path 
Forward. International Journal of Construction Education and Research, 1-24. 

ECONORTHWEST, P. B. Q. 2002. Douglass, Inc. TCRP Report 78: Estimating the Benefits and Costs 
of Public Transit Projects: A Guidebook for Practitioners.[Retrieved June 21, 2014]. 
Transportation Research Board. 

EL-OMARI, S. & MOSELHI, O. 2011. Integrating automated data acquisition technologies for 
progress reporting of construction projects. Automation in Construction, 20, 699-705. 

EL ASMAR, M., HANNA, A. S. & LOH, W.-Y. 2013. Quantifying performance for the integrated 
project delivery system as compared to established delivery systems. Journal of 
Construction Engineering and Management, 139, 04013012. 

ELFVING, J. A., TOMMELEIN, I. D. & BALLARD, G. 2005. Consequences of competitive bidding in 
project-based production. Journal of Purchasing and Supply Management, 11, 173-181. 

ENSHASSI, A., AL-NAJJAR, J. & KUMARASWAMY, M. 2009. Delays and cost overruns in the 
construction projects in the Gaza Strip. Journal of Financial Management of Property 
and Construction, 14, 126-151. 

ESSAYS, U. 2018. Relationship Between Ontology Epistemology And Methodology Philosophy 
Essay [Online]. Available: https://www.ukessays.com/essays/philosophy/relationship-
between-ontology-epistemology-and-methodology-philosophy-essay.php?vref=1 
[Accessed]. 

ETIKAN, I., MUSA, S. A. & ALKASSIM, R. S. 2016. Comparison of convenience sampling and 
purposive sampling. American journal of theoretical and applied statistics, 5, 1-4. 

FAIRLEY, N., CARRICK, A. & FAIRLY, N. 2005. The casa cookbook, Acolyte science Cheshire. 

https://www.ukessays.com/essays/philosophy/relationship-between-ontology-epistemology-and-methodology-philosophy-essay.php?vref=1
https://www.ukessays.com/essays/philosophy/relationship-between-ontology-epistemology-and-methodology-philosophy-essay.php?vref=1


  

309 
 

FAN, S.-L., WU, C.-H. & HUN, C.-C. 2015. Integration of cost and schedule using BIM. 淡江理工
學刊, 18, 223-232. 

FAROK, G. & GARCIA, J. A. 2015. Developing group leadership and communication skills for 
monitoring EVM in project management. Journal of Mechanical Engineering, 45, 53-60. 

FAVATO, G. & MILLS, R. 2007. Identifying best practices in cost management. Henley Manager 
Update, 18, 43-52. 

FELLOWS, R., FELLOWS, R. F. & LIU, A. M. 2015. Research methods for construction, John Wiley 
& Sons. 

FELLOWS, R. F. & LIU, A. M. 2015. Research methods for construction, John Wiley & Sons. 
FERSHT, P. 2018. The top 5 enterprise blockchain platforms you need to know about [Online]. 

Available: https://www.horsesforsources.com/top-5-blockchain-platforms_031618 
[Accessed 19/04/2019 2019]. 

FIELD, A. 2013. Discovering statistics using IBM SPSS statistics, sage. 
FISCHER, M., KHANZODE, A., REED, D. & ASHCRAFT, H. W. 2017a. Integrated Project Delivery, 

Somerset, US, John Wiley & Sons. 
FISCHER, M. J. A., KHANZODE, A., REED, D. P. & ASHCRAFT, H. W., JR. 2017b. Integrating project 

delivery, Hoboken, New Jersey, John Wiley & Sons Inc. 
FIXSEN, D. L., NAOOM, S. F., BLASE, K. A. & FRIEDMAN, R. M. 2005. Implementation research: a 

synthesis of the literature. 
FLICK, U. 2017. Mantras and myths: the disenchantment of mixed-methods research and 

revisiting triangulation as a perspective. Qualitative Inquiry, 23, 46-57. 
FLICK, U. 2018. An introduction to qualitative research, Sage Publications Limited. 
FLYVBJERG, B., ANSAR, A., BUDZIER, A., BUHL, S., CANTARELLI, C., GARBUIO, M., GLENTING, C., 

HOLM, M. S., LOVALLO, D. & LUNN, D. 2018. Five things you should know about cost 
overrun. Transportation Research Part A: Policy and Practice, 118, 174-190. 

FORBES, L. H. & AHMED, S. M. 2010. Modern construction: lean project delivery and integrated 
practices, CRC press. 

FORGUES, D., IORDANOVA, I., VALDIVESIO, F. & STAUB-FRENCH, S. Rethinking the cost 
estimating process through 5D BIM: A case study.  Construction Research Congress 
2012: Construction Challenges in a Flat World, 2012. 778-786. 

FOX, M. S., CHIONGLO, J. F. & BARBUCEANU, M. 1993. The integrated supply chain management 
system. Technical report, Department of Industrial Engineering, University of Toronto. 

FOX, S. 2019. Why construction needs smart contracts [Online]. 
https://www.thenbs.com/knowledge/why-construction-needs-smart-contracts.  
[Accessed 13/04/2019 2019]. 

FRANCO, J., MAHDI, F. & ABAZA, H. 2015. Using building information modeling (BIM) for 
estimating and scheduling, adoption barriers. Universal Journal of Management, 3, 376-
384. 

FROESE, T. M. 2010. The impact of emerging information technology on project management 
for construction. Automation in construction, 19, 531-538. 

FU, C., AOUAD, G., LEE, A., MASHALL-PONTING, A. & WU, S. 2006. IFC model viewer to support 
nD model application. Automation in Construction, 15, 178-185. 

FURLONG, P. & MARSH, D. 2010. A skin not a sweater: Ontology and epistemology in political 
science (pp. 184-211). Palgrave Macmillan. 

GANAH, A. & JOHN, G. A. 2014. Achieving Level 2 BIM by 2016 in the UK. Computing in Civil and 
Building Engineering (2014). 

GCR, N. 2004. Cost analysis of inadequate interoperability in the US capital facilities industry. 
National Institute of Standards and Technology (NIST), 223-253. 

GEHLBACH, S. H. 1988. Interpreting the medical literature: practical epidemiology for clinicians, 
Macmillan New York. 

GHASSEMI, R. & BECERIK-GERBER, B. 2011a. Transitioning to Integrated Project Delivery: 
Potential barriers and lessons learned. Lean Construction Journal [Online]. Available: 

https://www.horsesforsources.com/top-5-blockchain-platforms_031618
https://www.thenbs.com/knowledge/why-construction-needs-smart-contracts


  

310 
 

https://www.leanconstruction.org/media/docs/ktll-add-
read/Transitioning_to_Integrated_Project_Delivery_Potential_barriers_and_lessons_l
earned.pdf [Accessed Date Accessed: 25 April 2019]. 

GHASSEMI, R. & BECERIK-GERBER, B. 2011b. Transitioning to Integrated Project Delivery: 
Potential barriers and lessons learned. Lean construction journal, 32-52. 

GHASSEMI, R. & BECERIK-GERBER, B. 2011c. Transitioning to Integrated Project Delivery: 
Potential barriers and lessons learned. Lean construction journal, 32-52. 

GIBBS, D.-J., EMMITT, S., LORD, W. & RUIKAR, K. 2015. BIM and construction contracts–CPC 
2013’s approach. Proceedings of the Institution of Civil Engineers–Management, 
Procurement and Law, 168, 285-293. 

GIVEN, L. M. 2008. The Sage encyclopedia of qualitative research methods, Sage publications. 
GLAD, E., PARTRIDGE, M., PERREN, L. & BECKER, H. 1996. Activity-based costing and 

management, J. Wiley. 
GLASER, B. & STRAUS, A. 1967. The discovery of grounded theory: Issues and discussion. 

Sociology Press, Mill Valley, California, USA. 
GLEDSON, B. & GREENWOOD, D. 2016. Surveying the extent and use of 4D BIM in the UK. Journal 

of Information Technology in Construction (ITcon), 21, 57-71. 
GLICK, S. & GUGGEMOS, A. IPD and BIM: benefits and opportunities for regulatory agencies.  

Proceedings of the 45th ASC National Conference, Gainesville, Florida, April, 2009. 
GODDARD, A. & OOI, K. 1998. Activity-based costing and central overhead cost allocation in 

universities: a case study. Public Money and Management, 18, 31-38. 
GOLDMAN, A. 2004. Epistemology. Fundamentals of Philosophy. Routledge. 
GRASSO, L. P. 2005. Are ABC and RCA accounting systems compatible with lean management? 

Management Accounting Quarterly, 7, 12. 
GREEN, B. N., JOHNSON, C. D. & ADAMS, A. 2006. Writing narrative literature reviews for peer-

reviewed journals: secrets of the trade. Journal of chiropractic medicine, 5, 101-117. 
GROVES, R. M., FOWLER JR, F. J., COUPER, M. P., LEPKOWSKI, J. M., SINGER, E. & TOURANGEAU, 

R. 2011. Survey methodology, John Wiley & Sons. 
GUBA, E. G. & LINCOLN, Y. S. 1994. Competing paradigms in qualitative research. Handbook of 

qualitative research, 2, 105. 
HAIG, B. D. 2005. An abductive theory of scientific method. Psychological methods, 10, 371. 
HAKKARAINEN, M., WOODWARD, C. & RAINIO, K. Software architecture for mobile mixed reality 

and 4D BIM interaction.  Proc. 25th CIB W78 Conference, 2009. 1-8. 
HALCOMB, E. J. & HICKMAN, L. 2015. Mixed methods research. 
HALL, D. M., ALGIERS, A. & LEVITT, R. E. 2018. Identifying the Role of Supply Chain Integration 

Practices in the Adoption of Systemic Innovations. Journal of Management in 
Engineering, 34, 04018030. 

HAMLEDARI, H., MCCABE, B., DAVARI, S. & SHAHI, A. 2017. Automated schedule and progress 
updating of IFC-based 4D BIMs. Journal of Computing in Civil Engineering, 31, 04017012. 

HAMMERSLEY, M. 2016. Reading ethnographic research, Routledge. 
HAMZEH, F., RACHED, F., HRAOUI, Y., KARAM, A. J., MALAEB, Z., EL ASMAR, M. & ABBAS, Y. 2019. 

Integrated project delivery as an enabler for collaboration: a Middle East perspective. 
Built Environment Project and Asset Management, 0, null. 

HANID, M., SIRIWARDENA, M. & KOSKELA, L. What are the big issues in cost management?  RICS 
Construction and Property Conference, 2011. 738. 

HANNON, J. J. 2007. Estimators' functional role change with BIM. AACE International 
Transactions, IT31. 

HANSEN, D., MOWEN, M. & GUAN, L. 2007. Cost management: accounting and control, Cengage 
Learning. 

HARBUCK, R. H. 2004. Competitive bidding for highway construction projects. AACE 
International Transactions, ES91. 

https://www.leanconstruction.org/media/docs/ktll-add-read/Transitioning_to_Integrated_Project_Delivery_Potential_barriers_and_lessons_learned.pdf
https://www.leanconstruction.org/media/docs/ktll-add-read/Transitioning_to_Integrated_Project_Delivery_Potential_barriers_and_lessons_learned.pdf
https://www.leanconstruction.org/media/docs/ktll-add-read/Transitioning_to_Integrated_Project_Delivery_Potential_barriers_and_lessons_learned.pdf


  

311 
 

HARTMANN, T., GAO, J. & FISCHER, M. 2008. Areas of Application for 3D and 4D Models on 
Construction Projects. Journal of Construction Engineering and Management, 134, 776-
785. 

HASTAK, M. 1998. Advanced automation or conventional construction process? Automation in 
construction, 7, 299-314. 

HASTAK, M. 2015. Skills and knowledge of cost engineering, AACE International Morgantown 
(WV. 

HEESOM, D. & MAHDJOUBI, L. 2004. Trends of 4D CAD applications for construction planning. 
Construction management and economics, 22, 171-182. 

HEGAZY, T., ELBELTAGI, E. & EL-BEHAIRY, H. 2004. Bridge deck management system with 
integrated life-cycle cost optimization. Transportation Research Record, 1866, 44-50. 

HELDMAN, K. 2018. PMP: project management professional exam study guide, John Wiley & 
Sons. 

HENDRY, C. & FARLEY, A. 1998. Reviewing the literature: a guide for students. Nursing Standard 
(through 2013), 12, 46. 

HENRY, S. G. & FETTERS, M. D. 2012. Video elicitation interviews: a qualitative research method 
for investigating physician-patient interactions. The Annals of Family Medicine, 10, 118-
125. 

HERON, J. & REASON, P. 1997. A participatory inquiry paradigm. Qualitative inquiry, 3, 274-294. 
HINDESS, B. 1977. Philosophy and methodology in the social sciences, Harvester Press Brighton. 
HIRAI, Y. Defining the ethereum virtual machine for interactive theorem provers.  International 

Conference on Financial Cryptography and Data Security, 2017. Springer, 520-535. 
HOLDEN, R. R. 2010. Face validity. The corsini encyclopedia of psychology, 1-2. 
HOLLAND, N. L. & JR, D. H. 1999. Indirect Cost Categorization and Allocation by Construction 

Contractors. Journal of Architectural Engineering, 5, 49-56. 
HOLSTEIN, J. A. & GUBRIUM, J. F. 2011. Animating interview narratives. Qualitative research, 3, 

149-167. 
HOLZER, D. 2011. BIM's Seven Deadly Sins. International Journal of Architectural Computing, 9, 

463-480. 
HORNGREN, C. T., BHIMANI, A., DATAR, S. M., FOSTER, G. & HORNGREN, C. T. 2002. 

Management and cost accounting, Financial Times/Prentice Hall Harlow. 
HOSSEINI, M. R., MAGHREBI, M., AKBARNEZHAD, A., MARTEK, I. & ARASHPOUR, M. 2018. 

Analysis of Citation Networks in Building Information Modeling Research. Journal of 
Construction Engineering and Management, 144, 04018064. 

HOWES, R. 2000. Improving the performance of Earned Value Analysis as a construction project 
management tool. Engineering, Construction and Architectural Management, 7, 399-
411. 

HUANG, J. W., PAN, H. M., LI, Y., ZHU, Y. T. & LIAO, Z. Y. Cost/schedule monitoring and forecasting 
for project based on earned value management (EVM).  Advanced Materials Research, 
2014. Trans Tech Publ, 1437-1440. 

HUCKLE, S., BHATTACHARYA, R., WHITE, M. & BELOFF, N. 2016. Internet of things, blockchain 
and shared economy applications. Procedia computer science, 98, 461-466. 

HUFSCHMIDT, M. M. & GERIN, J. 1970. Systematic errors in cost estimates for public investment 
projects. The analysis of public output. NBER. 

HUGHES, A. 2005. ABC/ABM–activity-based costing and activity-based management: A 
profitability model for SMEs manufacturing clothing and textiles in the UK. Journal of 
Fashion Marketing and Management: An International Journal, 9, 8-19. 

HUSSAIN, O. A. 2012. Direct cost of scope creep in governmental construction projects in Qatar. 
Global Journal of Management and Business Research, 12. 

HWEE, N. G. & TIONG, R. L. 2002. Model on cash flow forecasting and risk analysis for contracting 
firms. International Journal of Project Management, 20, 351-363. 



  

312 
 

HYDE, K. F. 2000. Recognising deductive processes in qualitative research. Qualitative market 
research: An international journal, 3, 82-90. 

HYPERLEDGER. 2018. A Blockchain Platform for the Enterprise (Transaction Flow) [Online]. 
Available: https://hyperledger-fabric.readthedocs.io/en/release-1.3/txflow.html 
[Accessed 2019]. 

ICAEW, I. F. 2018. Blockchain and the future of accountancy. ICAEW IT Faculty. 
ILOZOR, B. D. & KELLY, D. J. 2012. Building information modeling and integrated project delivery 

in the commercial construction industry: A conceptual study. Journal of Engineering, 
Project, and Production Management, 2, 23-36. 

JACOBSSON, M. & LINDEROTH, H. C. 2010. The influence of contextual elements, actors’ frames 
of reference, and technology on the adoption and use of ICT in construction projects: a 
Swedish case study. Construction management and Economics, 28, 13-23. 

JANANI, R., RANGARAJAN, P. & YAZHINI, S. 2015. A systematic study on site overhead costs in 
construction industry. International Journal of Research in Engineering and Technology, 
4, 149-151. 

JANG, S., JEONG, Y., LEE, G. & KANG, Y. 2019. Enhancing Subcontractors' Participation in BIM-
Based Design Coordination under a DBB Contract. Journal of Management in 
Engineering, 35, 04019022. 

JASELSKIS, E. J., GAO, Z. & WALTERS, R. C. 2005. Improving transportation projects using laser 
scanning. Journal of Construction Engineering and Management, 131, 377-384. 

JATO-ESPINO, D., CASTILLO-LOPEZ, E., RODRIGUEZ-HERNANDEZ, J. & CANTERAS-JORDANA, J. C. 
2014. A review of application of multi-criteria decision making methods in construction. 
Automation in Construction, 45, 151-162. 

JICK, T. D. 1979. Mixing qualitative and quantitative methods: Triangulation in action. 
Administrative science quarterly, 24, 602-611. 

JOHANSEN, A., SANDVIN, B., TORP, O. & ØKLAND, A. 2014. Uncertainty analysis–5 challenges 
with today's practice. Procedia-Social and Behavioral Sciences, 119, 591-600. 

JONES, B. 2014. Integrated project delivery (IPD) for maximizing design and construction 
considerations regarding sustainability. Procedia Engineering, 95, 528-538. 

JONES, M. & ALONY, I. 2011. Guiding the use of grounded theory in doctoral studies–An example 
from the Australian film industry. 

JORGENSEN, M. & SHEPPERD, M. 2006. A systematic review of software development cost 
estimation studies. IEEE Transactions on software engineering, 33, 33-53. 

JRADE, A. & LESSARD, J. 2015. An integrated BIM system to track the time and cost of 
construction projects: a case study. Journal of Construction Engineering, 2015. 

JUNG, W., BALLARD, G., KIM, Y.-W. & HAN, S. H. Understanding of target value design for 
integrated project delivery with the context of game theory.  Construction Research 
Congress 2012: Construction Challenges in a Flat World, 2012. 556-563. 

JUNG, Y. & WOO, S. 2004. Flexible work breakdown structure for integrated cost and schedule 
control. Journal of construction engineering and management, 130, 616-625. 

KAHVANDI, Z., SAGHATFOROUSH, E., ALINEZHAD, M. & NOGHLI, F. 2017. Integrated Project 
Delivery (IPD) Research Trends. Journal of Engineering, Project, and Production 
Management, 7, 99-114. 

KAHVANDI, Z., SAGHATFOROUSH, E., RAVASAN, A. Z. & MANSOURI, T. 2018. An FCM-Based 
Dynamic Modelling of Integrated Project Delivery Implementation Challenges in 
Construction Projects. Lean Construction Journal, 63-87. 

KAJORNBOON, A. B. 2005. Using interviews as research instruments. E-journal for Research 
Teachers, 2, 1-9. 

KAKA, A. P. 1996. Towards more flexible and accurate cash flow forecasting. Construction 
Management and Economics, 14, 35-44. 

https://hyperledger-fabric.readthedocs.io/en/release-1.3/txflow.html


  

313 
 

KALIBA, C., MUYA, M. & MUMBA, K. 2009. Cost escalation and schedule delays in road 
construction projects in Zambia. International journal of project management, 27, 522-
531. 

KANG, L. S. & PAULSON, B. C. 1998. Information management to integrate cost and schedule for 
civil engineering projects. Journal of construction engineering and management, 124, 
381-389. 

KAPLAN, R. S. 1984. The evolution of management accounting. Readings in accounting for 
management control. Springer. 

KAPLAN, R. S. 1988. One cost system isn't enough, Harvard Business Review. 
KAPLAN, R. S. 1998. Cost & effect: using integrated cost systems to drive profitability and 

performance, Harvard Business Press. 
KAPLAN, R. S. & ANDERSON, S. R. 2003. Time-driven activity-based costing. Available at SSRN 

485443. 
KASHIWAGI, D. & SAVICKY, J. 2003. The cost of ‘best value’construction. Journal of Facilities 

Management, 2, 285-297. 
KASIREDDY, P. 2017. Fundamental challenges with public blockchains [Online]. Available: 

https://medium.com/@preethikasireddy/fundamental-challenges-with-public-
blockchains-253c800e9428 [Accessed 14/04/2019 2019]. 

KENDALL, J. 1999. Axial coding and the grounded theory controversy. Western journal of nursing 
research, 21, 743-757. 

KENT, D. C. & BECERIK-GERBER, B. 2010. Understanding Construction Industry Experience and 
Attitudes toward Integrated Project Delivery. Journal of Construction Engineering and 
Management, 136, 815-825. 

KERN, A. P. & FORMOSO, C. T. Guidelines for improving cost management in fast, complex and 
uncertain construction projects.  12th Conference of the International Group for Lean 
Construction, 2004. 220-233. 

KERN, A. P. & FORMOSO, C. T. 2006. A model for integrating cost management and production 
planning and control in construction. Journal of Financial Management of Property and 
Construction, 11, 75-90. 

KERZNER, H. 2017. Project management: a systems approach to planning, scheduling, and 
controlling, John Wiley & Sons. 

KHAJA, M., SEO, J. & MCARTHUR, J. 2016. Optimizing BIM metadata manipulation using 
parametric tools. Procedia Engineering, 145, 259-266. 

KHAMOOSHI, H. & ABDI, A. 2016. Project duration forecasting using earned duration 
management with exponential smoothing techniques. Journal of Management in 
Engineering, 33, 04016032. 

KHAN, A. 2006. Project scope management. Cost engineering, 48, 12-16. 
KHOSROWSHAHI, F. & ARAYICI, Y. 2012. Roadmap for implementation of BIM in the UK 

construction industry. Engineering, Construction and Architectural Management, 19, 
610-635. 

KIM, G.-H., AN, S.-H. & KANG, K.-I. 2004. Comparison of construction cost estimating models 
based on regression analysis, neural networks, and case-based reasoning. Building and 
environment, 39, 1235-1242. 

KIM, H. & GROBLER, F. 2013. Preparing a construction cash flow analysis using building 
information modeling (BIM) technology. Journal of Construction Engineering and Project 
Management, 3, 1-9. 

KIM, J. 1989. An object-oriented database management system approach to improve 
construction project planning and control. Doctorial Dissertation, University of Illinois, 
Urbana, Ill. 

KIM, T. & KIM, Y.-W. Activity—Based Costing for Process Improvements.  24th Annual 
Conference of the International Group for Lean Construction, Boston, USA, 2016. 

https://medium.com/@preethikasireddy/fundamental-challenges-with-public-blockchains-253c800e9428
https://medium.com/@preethikasireddy/fundamental-challenges-with-public-blockchains-253c800e9428


  

314 
 

KIM, Y.-W. & BALLARD, G. Activity-based costing and its application to lean construction.  
Proceedings of the 9th Annual Conference of the International Group for Lean 
Construction, Singapore, 2001. 6-8. 

KIM, Y.-W. & BALLARD, G. 2002. Earned value method and customer earned value. Journal of 
Construction Research, 3, 55-66. 

KIM, Y.-W. & BALLARD, G. 2010. Management thinking in the earned value method system and 
the last planner system. Journal of Management in Engineering, 26, 223-228. 

KIM, Y.-W., HAN, S.-H., YI, J.-S. & CHANG, S. 2016. Supply chain cost model for prefabricated 
building material based on time-driven activity-based costing. Canadian Journal of Civil 
Engineering, 43, 287-293. 

KIM, Y. W., HAN, S., SHIN, S. & CHOI, K. 2011. A case study of activity‐based costing in allocating 
rebar fabrication costs to projects. Construction Management and Economics, 29, 449-
461. 

KINNAIRD, C., GEIPEL, M. & BEW, M. 2018. Blockchain technology: how the inventions behind 
bitcoin are enabling a network of trust for the built environment. 

KINSELLA, S. M. 2002. Activity-based costing: does it warrant inclusion in a guide to the project 
management body of knowledge (PMBOK® Guide)? Project Management Journal, 33, 
49-56. 

KISIN, R., PAKNAD, D. & RAYNAUD-RICHARD, P. 2009. Conducting a virtual interview in the 
context of a legal matter. Google Patents. 

KITCHENHAM, B., BRERETON, O. P., BUDGEN, D., TURNER, M., BAILEY, J. & LINKMAN, S. 2009. 
Systematic literature reviews in software engineering–a systematic literature review. 
Information and software technology, 51, 7-15. 

KIVIAT, T. I. 2015. Beyond bitcoin: Issues in regulating blockchain tranactions. Duke LJ, 65, 569. 
KIVINIEMI, A., REKOLA, M., BELLONI, K., KOJIMA, J., KOPPINEN, T., MAKELAINEN, T. & HEITANEN, 

J. 2007. Senate Properties: BIM Requirements 2007 Quantity Take-Off (Vol. 7). Finland: 
Senate Properties. 

KIVUNJA, C. & KUYINI, A. B. 2017. Understanding and Applying Research Paradigms in 
Educational Contexts. International Journal of Higher Education, 6, 26-41. 

KLAOKLIANG, N., TEAWTIM, P., AIMTONGKHAM, P., SO-IN, C. & NIRUNTASUKRAT, A. A novel IoT 
authorization architecture on hyperledger fabric with optimal consensus using genetic 
algorithm.  2018 Seventh ICT International Student Project Conference (ICT-ISPC), 2018. 
IEEE, 1-5. 

KNIGHT, A. & TURNBULL, N. 2008. Epistemology. 
KNOX, S. & BURKARD, A. W. 2009. Qualitative research interviews. Psychotherapy Research, 19, 

566-575. 
KOLLEWE, J. 2018. Bitcoin price plunges after cryptocurrency exchange is hacke 

 [Online]. Available: https://www.theguardian.com/technology/2018/jun/11/bitcoin-price-
cryptocurrency-hacked-south-korea-coincheck [Accessed 14/04/2019 2019]. 

KOO, B. & FISCHER, M. 2000. Feasibility study of 4D CAD in commercial construction. Journal of 
construction engineering and management, 126, 251-260. 

KOSKELA, L. & TOMMELEIN, I. D. 2009. The economic theory of production conceals 
opportunities for sustainability improvement. 

KOTHARI, C. R. 2004. Research methodology: Methods and techniques, New Age International. 
KOUTSOGIANNIS, A. & BERNTSEN, N. 2019. Blockchain and construction: the how, why and when 

[Online]. Available: http://www.bimplus.co.uk/people/blockchain-and-construction-
how-why-and-when/ [Accessed 14/04/2019 2019]. 

KREUZE, J. G. & NEWELL, G. E. 1994. ABC and life-cycle costing for environmental expenditures. 
Strategic Finance, 75, 38. 

KRUPNIK, S. & TUREK, K. 2014. Using Pragmatic Grounded Theory in the evaluation of public 
policies. Zarządzanie Publiczne/Public Governance, 32-48. 

https://www.theguardian.com/technology/2018/jun/11/bitcoin-price-cryptocurrency-hacked-south-korea-coincheck
https://www.theguardian.com/technology/2018/jun/11/bitcoin-price-cryptocurrency-hacked-south-korea-coincheck
http://www.bimplus.co.uk/people/blockchain-and-construction-how-why-and-when/
http://www.bimplus.co.uk/people/blockchain-and-construction-how-why-and-when/


  

315 
 

KRYSAN, M. & COUPER, M. P. 2003. Race in the live and the virtual interview: Racial deference, 
social desirability, and activation effects in attitude surveys. Social psychology quarterly, 
66, 364. 

KUJALA, J., BRADY, T. & PUTILA, J. 2014. Challenges of cost management in complex projects. 
International Journal of Business and Management, 9, 48-58. 

KUMAR, N. & MAHTO, D. 2013. Current trends of application of activity based costing (abc): A 
review. Global Journal of Management and Business Research Accounting and Auditing, 
13. 

KUMAR, N. M. & MALLICK, P. K. 2018. Blockchain technology for security issues and challenges 
in IoT. Procedia Computer Science, 132, 1815-1823. 

KWAK, Y. H. & ANBARI, F. T. 2012. History, practices, and future of earned value management in 
government: Perspectives from NASA. Project Management Journal, 43, 77-90. 

L BERG, B. 2001. Qualitative research methods for the social sciences. 
LABUSCHAGNE, A. 2003. Qualitative research-airy fairy or fundamental? The qualitative report, 

8, 100-103. 
LAI, R. & CHUEN, D. L. K. 2018. Blockchain–from public to private. Handbook of Blockchain, 

Digital Finance, and Inclusion, Volume 2. Elsevier. 
LAMB, K. 2018. Blockchain and Smart Contracts: What the AEC sector needs to know. 
LANCASTER, F. D. & TOBIN, J. Integrated project delivery: Next-generation BIM for structural 

engineering.  Structures Congress 2010, 2010. 2809-2818. 
LATIFFI, A. A., MOHD, S., KASIM, N. & FATHI, M. S. 2013. Building information modeling (BIM) 

application in Malaysian construction industry. International Journal of Construction 
Engineering and Management, 2, 1-6. 

LAURENT, J. & LEICHT, R. M. 2019. Practices for Designing Cross-Functional Teams for Integrated 
Project Delivery. Journal of Construction Engineering and Management, 145, 05019001. 

LAWRENCE, M., POTTINGER, R., STAUB-FRENCH, S. & NEPAL, M. P. 2014. Creating flexible 
mappings between Building Information Models and cost information. Automation in 
Construction, 45, 107-118. 

LE-HOAI, L., DAI LEE, Y. & LEE, J. Y. 2008. Delay and cost overruns in Vietnam large construction 
projects: A comparison with other selected countries. KSCE journal of civil engineering, 
12, 367-377. 

LEE, C. J. G. 2012. Reconsidering constructivism in qualitative research. Educational Philosophy 
and Theory, 44, 403-412. 

LEE, J., PARK, Y.-J., CHOI, C.-H. & HAN, C.-H. 2017. BIM-assisted labor productivity measurement 
method for structural formwork. Automation in Construction, 84, 121-132. 

LEE, S.-K., KIM, K.-R. & YU, J.-H. 2014. BIM and ontology-based approach for building cost 
estimation. Automation in Construction, 41, 96-105. 

LEKKA-KOWALIK, A. 2010. Why science cannot be value-free. Science and Engineering Ethics, 16, 
33-41. 

LESTER, A. 2006. Project management, planning and control: managing engineering, 
construction and manufacturing projects to PMI, APM and BSI standards, Elsevier. 

LEU, S.-S. & LIN, Y.-C. 2008. Project performance evaluation based on statistical process control 
techniques. Journal of Construction Engineering and Management, 134, 813-819. 

LEVIN-ROZALIS, M. 2004. Searching for the unknowable: A process of detection—Abductive 
research generated by projective techniques. International Journal of Qualitative 
Methods, 3, 1-18. 

LI, J., GREENWOOD, D. & KASSEM, M. Blockchain in the built environment: analysing current 
applications and developing an emergent framework. 2018a. Diamond Congress Ltd. 

LI, J., GREENWOOD, D. & KASSEM, M. 2019a. Blockchain in the built environment and 
construction industry: A systematic review, conceptual models and practical use cases. 
Automation in Construction, 102, 288-307. 



  

316 
 

LI, J., GREENWOOD, D. & KASSEM, M. 2019b. Blockchain in the construction sector: a socio-
technical systems framework for the construction industry. Advances in Informatics and 
Computing in Civil and Construction Engineering. Springer. 

LI, J., MOSELHI, O. & ALKASS, S. 2006. Internet-based database management system for project 
control. Engineering, Construction and Architectural Management, 13, 242-253. 

LI, Z., BARENJI, A. V. & HUANG, G. Q. 2018b. Toward a blockchain cloud manufacturing system 
as a peer to peer distributed network platform. Robotics and Computer-Integrated 
Manufacturing, 54, 133-144. 

LI, Z., KANG, J., YU, R., YE, D., DENG, Q. & ZHANG, Y. 2018c. Consortium blockchain for secure 
energy trading in industrial internet of things. IEEE transactions on industrial 
informatics, 14, 3690-3700. 

LIANG, X., SHETTY, S., TOSH, D., KAMHOUA, C., KWIAT, K. & NJILLA, L. Provchain: A blockchain-
based data provenance architecture in cloud environment with enhanced privacy and 
availability.  Proceedings of the 17th IEEE/ACM international symposium on cluster, 
cloud and grid computing, 2017. IEEE Press, 468-477. 

LICHTIG, W. A. 2005. Sutter health: Developing a contracting model to support lean project 
delivery. Lean Construction Journal, 2, 105-112. 

LICHTIG, W. A. 2006. The integrated agreement for lean project delivery. Constr. Law., 26, 25. 
LIN, I.-C. & LIAO, T.-C. 2017. A Survey of Blockchain Security Issues and Challenges. IJ Network 

Security, 19, 653-659. 
LIN, Y.-C., WANG, L.-C. & TSERNG, H. P. 2006. Enhancing knowledge exchange through web map-

based knowledge management system in construction: Lessons learned in Taiwan. 
Automation in Construction, 15, 693-705. 

LINDBLAD, H. & VASS, S. 2015. BIM implementation and organisational change: A case study of 
a large Swedish public client. Procedia Economics and Finance, 21, 178-184. 

LINTHICUM, D. S. 2003. Next generation application integration: from simple information to Web 
services, Addison-Wesley Longman Publishing Co., Inc. 

LIPKE, W., ZWIKAEL, O., HENDERSON, K. & ANBARI, F. 2009. Prediction of project outcome: The 
application of statistical methods to earned value management and earned schedule 
performance indexes. International Journal of Project Management, 27, 400-407. 

LISTON, K., FISCHER, M. & WINOGRAD, T. 2003. Focused sharing of information for 
multidisciplinary decision making by project teams. Journal of Information Technology 
in Construction (ITcon), 6, 69-82. 

LIU, M. M. & BATES, A. J. 2013. Compensation Structure and Contingency Allocation in 
Integrated Project Delivery. 120th ASEE Annual Conference and Exposition. Atlanta, GA, 
United States. 

LIU, Z., CHEN, Y., BASH, C., WIERMAN, A., GMACH, D., WANG, Z., MARWAH, M. & HYSER, C. 
Renewable and cooling aware workload management for sustainable data centers.  
ACM SIGMETRICS Performance Evaluation Review, 2012. ACM, 175-186. 

LOCKE, E. A. 2007. The case for inductive theory building. Journal of Management, 33, 867-890. 
LOHRY, M. 2015. Blockchain Enabled Co-Housing [Online]. Available: 

https://medium.com/@MatthewLohry/blockchain-enabled-co-housing-de48e4f2b441 
[Accessed 14/04/2019 2019]. 

LOVE, P. E., DAVIS, P. R., CHEVIS, R. & EDWARDS, D. J. 2011. Risk/reward compensation model 
for civil engineering infrastructure alliance projects. Journal of Construction Engineering 
and Management, 137, 127-136. 

LU, Q., WON, J. & CHENG, J. C. 2016. A financial decision making framework for construction 
projects based on 5D Building Information Modeling (BIM). International Journal of 
Project Management, 34, 3-21. 

LUNE, H. & BERG, B. L. 2016. Qualitative research methods for the social sciences, Pearson Higher 
Ed. 

https://medium.com/@MatthewLohry/blockchain-enabled-co-housing-de48e4f2b441


  

317 
 

LYON, D. W., LUMPKIN, G. T. & DESS, G. G. 2000. Enhancing entrepreneurial orientation 
research: Operationalizing and measuring a key strategic decision making process. 
Journal of management, 26, 1055-1085. 

MA, J., MA, Z. & LI, J. 2017. An IPD-based incentive mechanism to eliminate change orders in 
construction projects in China. KSCE Journal of Civil Engineering, 21, 2538-2550. 

MA, Z., ZHANG, D. & LI, J. 2018. A dedicated collaboration platform for Integrated Project 
Delivery. Automation in Construction, 86, 199-209. 

MACRINICI, D., CARTOFEANU, C. & GAO, S. 2018. Smart contract applications within blockchain 
technology: A systematic mapping study. Telematics and Informatics. 

MANATA, B., MILLER, V., MOLLAOGLU, S. & GARCIA, A. J. 2018. Measuring Key Communication 
Behaviors in Integrated Project Delivery Teams. Journal of Management in Engineering, 
34, 06018001. 

MARKHAM, K. M., MINTZES, J. J. & JONES, M. G. 1994. The concept map as a research and 
evaluation tool: Further evidence of validity. Journal of research in science teaching, 31, 
91-101. 

MASON, J. 2017. Intelligent contracts and the construction industry. Journal of Legal Affairs and 
Dispute Resolution in Engineering and Construction, 9, 04517012. 

MASON, J. & ESCOTT, H. Smart contracts in construction: views and perceptions of stakeholders.  
Proceedings of FIG Conference, Istanbul May 2018, 2018. FIG. 

MASON, R. 1992. Evaluation methodologies for computer conferencing applications. 
Collaborative learning through computer conferencing. Springer. 

MATHEWS, M., ROBLES, D. & BOWE, B. 2017. BIM+ blockchain: A solution to the trust problem 
in collaboration? 

MAXWELL, J. P. 2008. Psychometric properties of a Chinese version of the Buss–Warren 
Aggression Questionnaire. Personality and Individual Differences, 44, 943-953. 

MCCUEN, T. L. 2008. Scheduling, estimating, and BIM: A profitable combination. AACE 
International Transactions, BIM11. 

MCCUEN, T. L., SUERMANN, P. C. & KROGULECKI, M. J. 2011. Evaluating award-winning BIM 
projects using the national building information model standard capability maturity 
model. Journal of Management in Engineering, 28, 224-230. 

MEADATI, P. BIM extension into later stages of project life cycle.  Associated Schools of 
Construction 45th Annual International Conference, 2009. 121-129. 

MEIJON MORÊDA NETO, H., BASTOS COSTA, D. & COELHO RAVAZZANO, T. 2019. 
Recommendations for Target Value Design implementation for real estate development 
in Brazil. Architectural Engineering and Design Management, 15, 48-65. 

MEMBAH, J. & ASA, E. 2015. Estimating cost for transportation tunnel projects: a systematic 
literature review. International Journal of Construction Management, 15, 196-218. 

MERRIAM, S. B. 1998. Qualitative Research and Case Study Applications in Education. Revised 
and Expanded from" Case Study Research in Education.", ERIC. 

MERSCHBROCK, C., HOSSEINI, M. R., MARTEK, I., ARASHPOUR, M. & MIGNONE, G. 2018. 
Collaborative Role of Sociotechnical Components in BIM-Based Construction Networks 
in Two Hospitals. Journal of Management in Engineering, 34, 05018006. 

MESA, H. A., MOLENAAR, K. R. & ALARCÓN, L. F. 2016. Exploring performance of the integrated 
project delivery process on complex building projects. International Journal of Project 
Management, 34, 1089-1101. 

MIGNONE, G., HOSSEINI, M. R., CHILESHE, N. & ARASHPOUR, M. 2016. Enhancing collaboration 
in BIM-based construction networks through organisational discontinuity theory: a case 
study of the new Royal Adelaide Hospital. Architectural Engineering and Design 
Management, 12, 333-352. 

MILLER, J. A. 1996. Implementing activity-based management in daily operations, The University 
of Michigan, John Wiley & Sons. 



  

318 
 

MINGERS, J. 2001. Combining IS research methods: towards a pluralist methodology. 
Information systems research, 12, 240-259. 

MITCHELL, D. 5D BIM: Creating cost certainty and better buildings.  2012 RICS Cobra Conference, 
2012. 

MODER, J. J., PHILLIPS, C. R. & DAVIS, E. W. 1983. Project management with CPM, PERT, and 
precedence diagramming. 

MOGHADDAM, A. 2006. Coding issues in grounded theory. Issues in educational research, 16, 
52-66. 

MOHAMED, S. 2003. Web-based technology in support of construction supply chain networks. 
Work Study, 52, 13-19. 

MONTASER, A. 2013. Automated Site Data Acquisition for Effective Project Control. Concordia 
University. 

MORGAN, J. J., JOHNSON, T. L., KEEFER, L. E., SMITH, P. A., BRADFORD, W. H., WELLS, K. L. & 
MASON, E. T. 1998. Automated activity-based management system. 

MORRIS, T. & WOOD, S. 1991. Testing the survey method: continuity and change in British 
industrial relations. Work, Employment and Society, 5, 259-282. 

MOSELHI, O. & SALAH, A. Fuzzy Set-based Contingency Estimating and Management.  ISARC. 
Proceedings of the International Symposium on Automation and Robotics in 
Construction, 2012. IAARC Publications, 1. 

MOSEY, D. 2014. BIM and Related Revolutions: A Review of the Cookham Wood Trial Project. 
Society of Construction Law, Hinckley, UK. 

MOTAMEDI, A. & HAMMAD, A. 2009. Lifecycle management of facilities components using radio 
frequency identification and building information model. Journal of Information 
Technology in Construction (ITCON), 14, 238-262. 

MUNHALL, P. L. 1988. Ethical considerations in qualitative research. Western Journal of Nursing 
Research, 10, 150-162. 

MYERS, M. D. 2019. Qualitative research in business and management, Sage Publications 
Limited. 

NAENI, L. M., SHADROKH, S. & SALEHIPOUR, A. 2011. A fuzzy approach for the earned value 
management. International Journal of Project Management, 29, 764-772. 

NARBAEV, T. & DE MARCO, A. 2014. An earned schedule-based regression model to improve 
cost estimate at completion. International Journal of Project Management, 32, 1007-
1018. 

NASSAR, K. 2011. Assessing building information modeling estimating techniques using data 
from the classroom. Journal of Professional Issues in Engineering Education and Practice, 
138, 171-180. 

NAWI, M. N. M., HARON, A. T., HAMID, Z. A., KAMAR, K. A. M. & BAHARUDDIN, Y. 2014a. 
Improving Integrated Practice through Building Information Modeling-Integrated 
Project Delivery (BIM-IPD) for Malaysian Industrialised Building System (IBS) 
Construction Projects. Malaysia Construction Research Journal (MCRJ), 15, 29-38. 

NAWI, M. N. M., HARON, A. T., HAMID, Z. A., KAMAR, K. A. M. & BAHARUDDIN, Y. 2014. 
Improving Integrated Practice through Building Information Modeling-Integrated 
Project Delivery (BIM-IPD) for Malaysian Industrialised Building System (IBS) 
Construction Projects. Malaysia Construction Research Journal (MCRJ) [Online], 15. 
Available: http://www.cream.my/publication/download-mcrj.html [Accessed Date 
Accessed: 25 April 2019]. 

NGUYEN, P. & AKHAVIAN, R. 2019. Synergistic Effect of Integrated Project Delivery, Lean 
Construction, and Building Information Modeling on Project Performance Measures: A 
Quantitative and Qualitative Analysis. Advances in Civil Engineering, 2019. 

NIAZI, A., DAI, J. S., BALABANI, S. & SENEVIRATNE, L. 2006. Product cost estimation: Technique 
classification and methodology review. Journal of manufacturing science and 
engineering, 128, 563-575. 

http://www.cream.my/publication/download-mcrj.html


  

319 
 

NIEMANN, R. 2017. IPD and BIM – the future of project delivery in Australia [Online]. McCullough 
Robertson. Available: http://www.mccullough.com.au/2017/10/05/ipd-bim-future-
project-delivery-australia/ [Accessed 09 January 2018]. 

NIGHTINGALE, D. J. & CROMBY, J. 2002. Social constructionism as ontology: Exposition and 
example. Theory & Psychology, 12, 701-713. 

NIINILUOTO, I. 1999. Critical scientific realism. 
NOBLE, H. & SMITH, J. 2015. Issues of validity and reliability in qualitative research. Evidence-

based nursing, 18, 34-35. 
NOFER, M., GOMBER, P., HINZ, O. & SCHIERECK, D. 2017. Blockchain. Business & Information 

Systems Engineering, 59, 183-187. 
OBERLENDER, G. D. & OBERLENDER, G. D. 1993. Project management for engineering and 

construction, McGraw-Hill New York. 
OLATUNJI, O., SHER, W. & OGUNSEMI, D. The impact of building information modelling on 

construction cost estimation.  W055-Special Track 18th CIB World Building Congress 
May 2010 Salford, United Kingdom, 2010. 193. 

OLSEN, W. 2004. Triangulation in social research: qualitative and quantitative methods can really 
be mixed. Developments in sociology, 20, 103-118. 

OMAR, H. & DULAIMI, M. 2015. Using BIM to automate construction site activities. Building 
Information Modelling (BIM) in Design, Construction and Operations, 149, 45. 

ONWUEGBUZIE, A. J., LEECH, N. L. & COLLINS, K. M. 2012. Qualitative analysis techniques for the 
review of the literature. The qualitative report, 17, 1-28. 

OPDENAKKER, R. Advantages and disadvantages of four interview techniques in qualitative 
research.  Forum Qualitative Sozialforschung/Forum: Qualitative Social Research, 2006. 

ORAEE, M., HOSSEINI, M. R., PAPADONIKOLAKI, E., PALLIYAGURU, R. & ARASHPOUR, M. 2017. 
Collaboration in BIM-based construction networks: A bibliometric-qualitative literature 
review. International Journal of Project Management, 35, 1288-1301. 

OSEIFUAH, E. K. 2013. Activity based costing approach to financial management in the public 
sector: the South Africa experience. European Scientific Journal, 9. 

OZORHON, B., KARATAS, C. G. & DEMIRKESEN, S. 2014. A web-based database system for 
managing construction project knowledge. Procedia-Social and Behavioral Sciences, 
119, 377-386. 

PAJARES, J. & LOPEZ-PAREDES, A. 2011. An extension of the EVM analysis for project monitoring: 
The Cost Control Index and the Schedule Control Index. International Journal of Project 
Management, 29, 615-621. 

PAJARES, J. & LÓPEZ-PAREDES, A. 2011. An extension of the EVM analysis for project monitoring: 
The Cost Control Index and the Schedule Control Index. International Journal of Project 
Management, 29, 615-621. 

PARN, E. A. & EDWARDS, D. 2019. Cyber threats confronting the digital built environment: 
Common data environment vulnerabilities and block chain deterrence. Engineering, 
Construction and Architectural Management, 26, 245-266. 

PÄRN, E. A. & EDWARDS, D. J. 2017. Conceptualising the FinDD API plug-in: A study of BIM-FM 
integration. Automation in Construction, 80, 11-21. 

PATTON, M. Q. 1990. Qualitative evaluation and research methods, SAGE Publications, inc. 
PEANSUPAP, V. & WALKER, D. H. 2006. Information communication technology (ICT) 

implementation constraints: A construction industry perspective. Engineering, 
construction and architectural management, 13, 364-379. 

PETERS, G. W. & PANAYI, E. 2016. Understanding modern banking ledgers through blockchain 
technologies: Future of transaction processing and smart contracts on the internet of 
money. Banking beyond banks and money. Springer. 

PHAOBUNJONG, K. & POPESCU, C. M. 2003. Parametric cost estimating model for buildings. 
AACE International Transactions, ES131. 

http://www.mccullough.com.au/2017/10/05/ipd-bim-future-project-delivery-australia/
http://www.mccullough.com.au/2017/10/05/ipd-bim-future-project-delivery-australia/


  

320 
 

PISA, M. & JUDEN, M. 2017. Blockchain and economic development: Hype vs. reality. Center for 
Global Development Policy Paper, 107, 150. 

PISHDAD-BOZORGI, P. 2017. Case Studies on the Role of Integrated Project Delivery (IPD) 
Approach on the Establishment and Promotion of Trust. International Journal of 
Construction Education and Research, 13, 102-124. 

PISHDAD-BOZORGI, P. & BELIVEAU, Y. J. 2016. Symbiotic Relationships between Integrated 
Project Delivery (IPD) and Trust. International Journal of Construction Education and 
Research, 12, 179-192. 

PISHDAD-BOZORGI, P., MOGHADDAM, E. H. & KARASULU, Y. 2013. Advancing target price and 
target value design process in IPD using BIM and risk-sharing approaches. In: SULBARAN, 
T. (ed.) The 49th ASC Annual International Conference California Polytechnic State 
University: The Associated Schools of Construction. 

PISHDAD-BOZORGI, P. & SRIVASTAVA, D. 2018. Assessment of Integrated Project Delivery (IPD) 
Risk and Reward Sharing Strategies from the Standpoint of Collaboration: A Game 
Theory Approach. Construction Research Congress 2018. New Orleans, Louisiana: 
American Society of Civil Engineers. 

PMI 2013. A guide to the project management body of knowledge (PMBOK® guide), Newtown 
Square, Pennsylvania, Project Management Institute. 

PMI 2017. A guide to the Project Management Body of Knowledge (PMBOK Guide), Newtown 
Square, Pennsylvania, Project Management Institute Standards Committee. 

POLIT, D. F. & BECK, C. T. 2006. The content validity index: are you sure you know what's being 
reported? Critique and recommendations. Research in nursing & health, 29, 489-497. 

PONELIS, S. R. 2015. Using interpretive qualitative case studies for exploratory research in 
doctoral studies: A case of Information Systems research in small and medium 
enterprises. International Journal of Doctoral Studies, 10, 535-550. 

PONTEROTTO, J. G. 2005. Qualitative research in counseling psychology: A primer on research 
paradigms and philosophy of science. Journal of counseling psychology, 52, 126. 

POPOV, V., JUOCEVICIUS, V., MIGILINSKAS, D., USTINOVICHIUS, L. & MIKALAUSKAS, S. 2010. The 
use of a virtual building design and construction model for developing an effective 
project concept in 5D environment. Automation in construction, 19, 357-367. 

PORWAL, A. & HEWAGE, K. N. 2013. Building Information Modeling (BIM) partnering framework 
for public construction projects. Automation in construction, 31, 204-214. 

POTTS, K. & ANKRAH, N. 2008. Construction cost management: learning from case studies, 
Routledge. 

POTTS, K. & ANKRAH, N. 2014. Construction Cost Management : Learning from Case Studies, 
Hoboken : Taylor and Francis, 2014. 2nd ed. 

PRADHAN, A., STEVENS, A. & JOHNSON, J. 2017. Supply Chains Are Racing to Understand 
Blockchain–What Chief Supply Chain Officers Need to Know. Gartner. 

PREIDEL, C., BORRMANN, A., OBERENDER, C. & TRETHEWAY, M. Seamless integration of 
common data environment access into BIM authoring applications: The BIM integration 
framework.  eWork and eBusiness in Architecture, Engineering and Construction: 
ECPPM 2016: Proceedings of the 11th European Conference on Product and Process 
Modelling (ECPPM 2016), Limassol, Cyprus, 7-9 September 2016, 2017. CRC Press, 119. 

PRERNA. 2018. Hyperledger vs Ethereum – Which Blockchain Platform Will Benefit Your 
Business? [Online]. Available: https://www.edureka.co/blog/hyperledger-vs-ethereum/ 
[Accessed]. 

PUNCH, K. F. 2013. Introduction to social research: Quantitative and qualitative approaches, 
sage. 

QIAN, A. Y. 2012. Benefits and ROI of BIM for Multi-disciplinary Project Management. National 
University of Singapore, Mar. 

https://www.edureka.co/blog/hyperledger-vs-ethereum/


  

321 
 

QURESHI, S. M. & KANG, C. 2015. Analysing the organizational factors of project complexity using 
structural equation modelling. International Journal of Project Management, 33, 165-
176. 

RAISBECK, P., MILLIE, R. & MAHER, A. 2010. Assessing integrated project delivery: a comparative 
analysis of IPD and alliance contracting procurement routes. Management, 1019, 1028. 

RANADE, V., SHRIVASTAVA, S. & SHARMA, S. Generalised Design of Efficient Supply Chain 
Management System and Enterprise Resource Planning [ERP] System, Using Two Layer 
Blockchain Setup on Hyperledger Fabric and Ethereum. 

RASDORF, W. J. & ABUDAYYEH, O. Y. 1991. Cost-and schedule-control integration: Issues and 
needs. Journal of Construction Engineering and Management, 117, 486-502. 

RASKIN, M. 2017. The law and legality of smart contracts. 1 Georgetown Law Technology Review 
304. GeorgeTown. 

REDMOND, A., HORE, A., ALSHAWI, M. & WEST, R. 2012. Exploring how information exchanges 
can be enhanced through Cloud BIM. Automation in construction, 24, 175-183. 

REILLY, J. Cost estimating and risk management for underground projects.  Proc., International 
Tunneling Conference, 2005. Citeseer. 

REYNA, A., MARTÍN, C., CHEN, J., SOLER, E. & DÍAZ, M. 2018. On blockchain and its integration 
with IoT. Challenges and opportunities. Future Generation Computer Systems, 88, 173-
190. 

RICHARDS, K. 2003. Qualitative inquiry in TESOL, Springer. 
RICHARDS, L. 1999. Using NVivo in qualitative research, Sage. 
RIEGE, A. M. 2003. Validity and reliability tests in case study research: a literature review with 

“hands-on” applications for each research phase. Qualitative market research: An 
international journal, 6, 75-86. 

RISCHMOLLER, L. & ALARCÓN, L. F. 4D-PS: Putting an IT new work process into effect.  
Proceedings of CIB w78 2002 Conference on Construction Information Technology, 
2002. 109-14. 

ROGERS, R. 2010. Structured interview of reported symptoms. The Corsini Encyclopedia of 
Psychology, 1-2. 

ROSS, C. S., NILSEN, K. & RADFORD, M. L. 2019. Conducting the reference interview, American 
Library Association. 

ROSS, J. Introduction to project alliancing.  Alliance contracting conference, Date Accessed: 08 
January 2019 2003. 

ROWLINSON, S. 2017. Building information modelling, integrated project delivery and all that. 
Construction Innovation, 17, 45-49. 

ROY, D., MALSANE, S. & SAMANTA, P. K. 2018. Identification of Critical Challenges for Adoption 
of Integrated Project Delivery. Lean Construction Journal [Online]. 

RUBIN, H. J. & RUBIN, I. S. 2011. Qualitative interviewing: The art of hearing data, Sage. 
RUSH, C. & ROY, R. Analysis of cost estimating processes used within a concurrent engineering 

environment throughout a product life cycle.  7th ISPE International Conference on 
Concurrent Engineering: Research and Applications, Lyon, France, July 17th-20th, 
Technomic Inc., Pennsylvania USA, 2000. 58-67. 

RYAN, G. W. & BERNARD, H. R. 2003. Techniques to identify themes. Field methods, 15, 85-109. 
SAFA, M., BAEZA, S. & WEEKS, K. 2019. Incorporating Blockchain technology in construction 

management. Strategic Direction. 
SAINI, M. & SHLONSKY, A. 2012. Systematic synthesis of qualitative research, OUP USA. 
SANDNER, P. 2017. Comparison of Ethereum, Hyperledger Fabric and Corda [Online]. Available: 

https://medium.com/@philippsandner/comparison-of-ethereum-hyperledger-fabric-
and-corda-21c1bb9442f6 [Accessed 19/04/2019 2019]. 

SARANTAKOS, S. 2013. Social research . Cape Town. South Africa: Palgrave Macmillan. 
SAUNDERS, M., LEWIS, P. & THORNHILL, A. 2007. Research methods. Business Students. 

https://medium.com/@philippsandner/comparison-of-ethereum-hyperledger-fabric-and-corda-21c1bb9442f6
https://medium.com/@philippsandner/comparison-of-ethereum-hyperledger-fabric-and-corda-21c1bb9442f6


  

322 
 

SAUNDERS, M., LEWIS, P. & THORNHILL, A. 2009. Research methods for business students. 
Essex. Financial Times/Prentice Hall. 

SAUNDERS, M. & TOSEY, P. 2012. The Layers of Research Design', RAPPORT,(Winter). 
SAUNDERS, M. N. 2011. Research methods for business students, 5/e, Pearson Education India. 
SCHADE, J. Life cycle cost calculation models for buildings.  Nordic Conference on Construction 

Economics and Organsiation: 14/06/2007-15/06/2007, 2007. Luleå tekniska universitet, 
321-329. 

SCHEXNAYDER, C., MOLENAAR, K. & SHANE, J. 2011. Estimating large complex projects. Revista 
Ingeniería de Construcción, 22, 91-98. 

SCHWAB, D. P. 1980. Construct validity in organizational behavior. Res Organ Behav, 2, 3-43. 
SCOTLAND, J. 2012. Exploring the Philosophical Underpinnings of Research: Relating Ontology 

and Epistemology to the Methodology and Methods of the Scientific, Interpretive, and 
Critical Research Paradigms. English language teaching, 5, 9-16. 

SEETHARAMAN. 2018. The Cost-Cutting Potential of Blockchain [Online]. Available: 
https://www.wsj.com/articles/the-cost-cutting-potential-of-blockchain-1520993100 
[Accessed]. 

SHANE, J. S., MOLENAAR, K. R., ANDERSON, S. & SCHEXNAYDER, C. 2009. Construction project 
cost escalation factors. Journal of Management in Engineering, 25, 221-229. 

SHANK, J. K. 1989. Strategic Cost Management: New. Journal of management accounting 
research. 

SHEN, W., HAO, Q. & XUE, Y. 2012. A loosely coupled system integration approach for decision 
support in facility management and maintenance. Automation in Construction, 25, 41-
48. 

SHEN, Z. & ISSA, R. R. 2010. Quantitative evaluation of the BIM-assisted construction detailed 
cost estimates. 

SHERBORNE, A. 2017. Blockchain, smart contracts and lawyers. Retrieved February, 26, 2018. 
SHEVCHENKO, G., USTINOVICHIUS, L. & ANDRUŠKEVIČIUS, A. 2008. Multi‐attribute analysis of 

investments risk alternatives in construction. Technological and economic development 
of economy, 14, 428-443. 

SHOJAEI, A., FLOOD, I., MOUD, H. I., HATAMI, M. & ZHANG, X. An Implementation of Smart 
Contracts by Integrating BIM and Blockchain.  Proceedings of the Future Technologies 
Conference, 2019. Springer, 519-527. 

SILVEIRA, S. & ALVES, T. 2018. Target Value Design Inspired Practices to Deliver Sustainable 
Buildings. Buildings, 8, 116. 

SILVERMAN, D. 1998. Qualitative research: meanings or practices? Information systems journal, 
8, 3-20. 

SILVERMAN, D. 2013. Doing qualitative research: A practical handbook, SAGE publications 
limited. 

SINGH, J. P. 2013. Predictive validity performance indicators in violence risk assessment: A 
methodological primer. Behavioral Sciences & the Law, 31, 8-22. 

SINGLETON, M. S. 2010. Implementing integrated project delivery on department of the navy 
construction projects. COLORADO STATE UNIV FORT COLLINS. 

SKITMORE, M. & WILCOCK, J. 1994. Estimating processes of smaller builders. Taylor & Francis. 
SLOOT, R., HEUTINK, A. & VOORDIJK, J. 2019. Assessing usefulness of 4D BIM tools in risk 

mitigation strategies. Automation in Construction, 106, 102881. 
SMITH, A. E. & MASON, A. K. 1997. Cost estimation predictive modeling: Regression versus 

neural network. The Engineering Economist, 42, 137-161. 
SMITH, B. & THOMAS, A. 1998. Axiology. Routledge encyclopedia of philosophy. London: 

Routledge. 
SMITH, C. 2004. System for real-time monitoring and cost management of construction projects. 

Google Patents. 

https://www.wsj.com/articles/the-cost-cutting-potential-of-blockchain-1520993100


  

323 
 

SMITH, P. 2014a. BIM & the 5D project cost manager. Procedia-Social and Behavioral Sciences, 
119, 475-484. 

SMITH, P. 2014b. BIM implementation–global strategies. Procedia Engineering, 85, 482-492. 
SMITH, R. E., MOSSMAN, A. & EMMITT, S. 2011. Editorial: Lean and integrated project delivery 

special issue. Lean Construction Journal, 1-16. 
SNAPE, D. & SPENCER, L. 2003. Qualitative research practice: A guide for social science students 

and researchers. London: Sage Publications. 
SÖDERHOLM, A. 2006. Kampen om kommunikationen. Kampen om kommunikationen-Om 

projektledningens Informationsteknologi. Sweden: Research report, Royal Institute of 
Technology. 

SOLIHIN, W. & EASTMAN, C. 2015. Classification of rules for automated BIM rule checking 
development. Automation in construction, 53, 69-82. 

SOMEKH, B. & LEWIN, C. 2005. Research methods in the social sciences, Sage. 
SOUSA, J., BESSANI, A. & VUKOLIC, M. A byzantine fault-tolerant ordering service for the 

hyperledger fabric blockchain platform.  2018 48th annual IEEE/IFIP international 
conference on dependable systems and networks (DSN), 2018. IEEE, 51-58. 

STANLEY, R. & THURNELL, D. 2013. Current and anticipated future impacts of BIM on cost 
modelling in Auckland. 

STANLEY, R. & THURNELL, D. 2014. The benefits of, and barriers to, implementation of 5D BIM 
for quantity surveying in New Zealand. 

STENBACKA, C. 2001. Qualitative research requires quality concepts of its own. Management 
decision, 39, 551-556. 

STEWART, R. A., MOHAMED, S. & MAROSSZEKY, M. 2004. An empirical investigation into the link 
between information technology implementation barriers and coping strategies in the 
Australian construction industry. Construction Innovation, 4, 155-171. 

STRAUS, A. & CORBIN, J. 1997. Grounded theory in practice. Thousand Oaks, CA: Sage. 
STRAUSS, A. & CORBIN, J. 1990. Basics of qualitative research, Sage publications. 
STREINER, D. L. 2003. Starting at the beginning: an introduction to coefficient alpha and internal 

consistency. Journal of personality assessment, 80, 99-103. 
SUCCAR, B. 2009. Building information modelling framework: A research and delivery 

foundation for industry stakeholders. Automation in construction, 18, 357-375. 
SUCCAR, B. 2010. Building information modelling maturity matrix. Handbook of research on 

building information modeling and construction informatics: Concepts and technologies. 
IGI Global. 

SUCCAR, B. & KASSEM, M. 2015. Macro-BIM adoption: Conceptual structures. Automation in 
construction, 57, 64-79. 

SUCCAR, B., SHER, W. & WILLIAMS, A. 2012. Measuring BIM performance: Five metrics. 
Architectural Engineering and Design Management, 8, 120-142. 

SUN, W., MOLLAOGLU, S., MILLER, V. & MANATA, B. 2015. Communication Behaviors to 
Implement Innovations: How Do AEC Teams Communicate in IPD Projects? Project 
Management Journal, 46, 84-96. 

SUNIL, K., PATHIRAGE, C. & UNDERWOOD, J. Factors impacting Building Information Modelling 
(BIM) implementation in cost monitoring and control.  13th International Postgraduate 
Research Conference (IPGRC): conference proceedings, 2017. University of Salford, 210-
224. 

SYLVESTER, K. E. & DIETRICH, C. Evaluation of building information modeling (BIM) estimating 
methods in construction education.  Proceedings of 46th ASC Annual International 
Conference, April, 2010. Citeseer, 7-10. 

SZEKERES, V. Evaluation of factors behind the stagnation of Japan’s economy.  3rd International 
Conference on Management, Enterprise and Benchmarking, Budapest, 2005. 171-185. 

SZEWCZAK, E. & SNODGRASS, C. 2003. Managing the human side of information technology: 
Challenges and solutions, IGI Global. 



  

324 
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11.2. Appendix B (questionnaire form) 
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11.3. Appendix C (interview form) 
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11.4. Appendix D (Sample of interview script)  
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11.5. Appendix E (3D BIM documents for the case study)  
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11.5.2. List of Schedules 
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11.6. Appendix F (CCMS Outcome for the Case Study)  

11.6.1. CCMS (ABC sheet) 
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11.6.2. CCMS (LIMB-1 sheets) 
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11.7. Case study cost estimation sheets   

11.7.1. Direct and indirect cost estimation based BIM data  
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11.7.2. Monte Carlo Simulation based BIM Data Sample  
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