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Abstract 

 

Integrated Project Delivery –  

Achieving Relational Contracting through Traditional Project Management Methods 

by 

Jilei Wang 

Master of Science – Department of Civil and Environmental Engineering 

University of Cincinnati, Cincinnati 

Cynthia C.Y. Tsao, Ph. D., Chair 

 

In the Architecture–Engineering–Construction (AEC) industry, the rigidity of 

traditional contracting approaches (e.g., design–bid–build) has resulted in poor 

overall project performance. To change the situation, researchers and construction 

practitioners have dedicated themselves to exploring more efficient and effective 

project delivery methods. During the past few decades, they have created and refined 

some innovative models which use relational contracting approaches for project 

delivery. Compared with traditional ones, projects employing relational contracting 

approaches have led to higher levels of innovation, more efficiency, and better project 

outcomes. 

This research introduced and discussed a new relational contracting approach – 

Integrated Project Delivery TM (IPD) – to provide practitioners another option to 

achieve better project delivery process. By addressing its concept, background, 

principles and techniques, this research explored how IPD achieves relational 
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contracting through traditional project management methods. By investigating the 

case study of the Orlando Utilities Commission (OUC) project, this research revealed 

how IPD fostered construction innovations and improved overall project 

performance. The investigation of four innovations further provided some insight into 

IPD practice. The four innovations studied on the OUC project include: (1) Installing 

the Entire Conduit Underground, (2) Prefabricating Pipe Hangers off Site, (3) 

Managing the Structural Design for Global Optimization, and (4) Matching Actual 

Equipment and Pipe Color with 3D Model Color. 

The OUC project provided practitioners a concrete example on how IPD 

overcame hurdles (e.g., scheduling restraints) through innovations and finally 

achieved outstanding project outcomes. All in all, IPD offers practitioners another 

option of the relational contracting approach for achieving better project delivery 

process. To provide a continuous refinement of IPD, this research also presented 

some suggestions for future research.  
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CHAPTER 1 – INTRODUCTION 

1.1 – Introduction 

The success of a construction project lies in meeting schedule, cost and quality 

objectives in a way that benefits both the project teams and the client. However, it is 

common to see the lack of collaboration between project participants thwarts these 

goals and finally leads to dissatisfaction on behalf of both contractors and client 

(Colledge 2005). 

In the Architecture–Engineering–Construction (AEC) industry, traditional 

contracting approaches (e.g., design–bid–build) have caused four major problems 

(Matthews and Howell 2005): (1) holding back good ideas, (2) stifling collaboration 

and innovation, (3) inhibiting effective coordination, and (4) hampering global 

optimization. For this reason, an increasing number of construction practitioners have 

recognized the necessity to shift traditional contracting approaches toward relational 

contracting ones.  

During the past few decades, researchers and practitioners have created and 

refined some innovative project delivery models which use relational contracting 

approaches. By using relational agreements, risk/reward–sharing mechanism, 

principles and techniques, relational contracting fosters a full collaboration and 

teamwork between project participants, which integrates all parties into an entire 

team. Projects employing relational contracting approaches have resulted in higher 

levels of innovation, more efficiency, and better project outcomes. 

This research intends to introduce and discuss of a new relational contracting 
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approach, Integrated Project Delivery TM (IPD). The implementation of IPD 

demonstrates that practitioners can achieve relational contracting though traditional 

project management methods. By investigating the case study of the OUC project, the 

research further intends to reveal how IPD fosters construction innovation and 

improves overall project performance.  

1.2 – Research Methodology 

1.2.1 – Research Process 

The research includes the following steps: 

Step 1: Development of research methodology, which intends to solve the 

questions of “what needs to be done?” and “how to do it?” The development of 

research process outlines the steps that drive the research to expansion and 

completion. The decision of use of a case study provides a means to confirm or refute 

the research hypotheses.  

Step 2: Development of concepts and terminology. Some concepts and 

terminology have the specific meanings in this research. The identification of them 

helps practitioners obtain a general understanding of the issues to be addressed.  

Step 3: Development of research hypotheses. The research includes two 

hypotheses: (1) Project practitioners can achieve relational contracting through 

traditional project management methods. (2) IPD is able to foster construction 

innovation and improve overall project performance. By investigating IPD and the 

OUC project, the research seeks to confirm or refute the hypotheses. 

Step 4: Development of research objectives. The research aims to help 
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practitioners understand: (1) the concept and practice of relational contracting in the 

AEC industry, (2) the concept and implementation of IPD, and (4) how IPD 

influences overall project delivery process and project outcomes. 

Step 5: Development of research questions. These questions drive the research to 

confirm or refute the research hypotheses and realize the research objectives. 

Step 6: Literature review, which addresses previous research related to relational 

contracting and issues around it. Literature review intends to help practitioners 

understand the concept and implementation of relational contracting in the AEC 

industry. 

Step 7: Introduction and discussion of IPD. On–site interviews with the IPD team 

members provided the research considerable information in understanding the 

concept, principles, techniques, and implementation of IPD. 

Step 8: Investigation of the Orlando Utilities Commission (OUC) project. The 

investigation of the OUC project intends to reveal how IPD influences overall project 

delivery process and project outcomes.  

Step 9: Development of research conclusions, which includes contributions to 

knowledge and suggestions for future research. 

Step 10: Thesis writing, which not only includes an expansion of knowledge 

described in the previous steps, but also incorporates the feedback from the IPD team 

members and the thesis committee members. 

1.2.2 – Use of a Case Study 

Meredith (1998) states that, “A case study typically uses multiple methods and tools 
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for data collection … The methods and tools employed include both quantitative and 

qualitative approaches as well as obtrusive and unobtrusive methods.” This research 

uses the case study of the OUC North Plant project to investigate how IPD influences 

project delivery process and project outcomes. In particular, the research addresses 

four innovations to provide some insight into IPD practice. 

1.3 – Concepts and Terminology 

This research identifies some concepts and terminology to help practitioners obtain a 

general understanding of the issues to be addressed.  

� Relational Contract – “an informal agreement involving an unwritten code 

of conduct that can powerfully bind the behavior between the contracting 

parties through features such as trust and relationship continuity.” (Cheung et 

al. 2006). 

Williamson (1979) interpreted relational contract as, “where the relationship takes on 

the properties of ‘a mini–society’ with a vast array of norms beyond those centered on 

the exchange and its immediate processes.” Macneil (1987) pointed out that relational 

contract aims to achieve a balance between self–interest, collaboration and fairness. 

Relational contract usually uses partnering agreements to define proper behavior 

norms and rules that bind the contracting parties as an entire team. Baker et al. (2002) 

described relational contract as “an agreement between the parties that is so rooted in 

their shared experience that it cannot be enforced by a court, and so must be enforced 

by the parties”. The above explanations indicate a core feature of relational 

contracting – the use of partnering agreements for building relational relationships 



5 

between the contracting parties. 

� Project Alliance (PA) – is “an agreement between entities which undertake to 

work cooperatively, on the basis of a sharing of project risk and reward, for 

the purpose of achieving agreed outcomes based on principles of good faith 

and trust and an open–book approach towards costs” (Abrahams and Cullen 

1998). 

Sakal (2005) pointed out that PA is “a dramatic departure from traditional contracting 

methods in that it encourages project participants to work as an integrated team by 

tying the commercial objectives (i.e., profit) of all the parties to the actual outcome of 

the project. In this arrangement all decisions are made ‘best for project’ and not ‘best 

for individual’ since the alliance either wins or loses as a group”.  

PA is a relational contracting approach that was developed originally by British 

Petroleum (BP) in the early 1990s. Australia’s public sector has widely employed PA 

to handle high complex capital projects. By applying alliance principles (e.g., no–

blame culture) between the parties, PA encourages project participants (e.g., client, 

designer, and contractors) to work as an integrated team to achieve outstanding 

project outcomes. 

� Innovation – Park et al. (2004) defined innovation as, “The generation, 

development, and implementation of ideas that are new to an organization 

and have practical or commercial benefits.”  

Farid et al. (1993) interpreted innovation as a creative problem–solving process that 

“transforms novelty into practicality; shapes something into products and services; 

refines and improves [what] is already created.” Construction innovations can result 
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in benefits including increasing productivity and efficiency, improving product 

quality, reducing cost, and so on (Slaughter 1998).  

� Integrated Project Delivery 
TM

 (IPD) – IPD is a relational contracting 

approach that “employs both transactional and relational contracting 

approaches to align the interests of all the PTMs in such a way that the team 

members can be integrated for optimal project performance” (Matthews and 

Howell 2005). 

In 2007 the American Institute of Architects (AIA) National and AIA California 

Council published the Integrated Project Delivery (IPD) Guide. The Guide defines 

IPD as a project delivery approach that “integrates people, systems, business 

structures and practices into a process that collaboratively harnesses the talents and 

insights of all participants to optimize project results, increase value to the owner, 

reduce waste, and maximize efficiency through all phases of design, fabrication, and 

construction”. 

It is necessary to distinguish the two concepts. Integrated Project Delivery TM 

(IPD) is a registered business mark with the United States Patent and Trademark 

Office. It is a relational contracting approach created by a group of professionals and 

contractors in 1998. IPD employs customized management methods (e.g., principles 

and techniques) to achieve relational contracting. This research addresses a full 

introduction and discussion of this new relational contracting approach.  

The AIA Guide aims to provide a general guidance for owners, designers and 

contractors to use integrated models to improved design, construction, and operation 

processes. Practitioners may apply the principles and techniques described in the 
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Guide to any model on any project to achieve a more integrated project. However, 

certain characteristics of a particular delivery model or project may influence the 

level of integration that can be achieved. 

� Primary Team Member (PTM) – The specialty team member (i.e., 

architect) who can make strategic decisions for the project and has the most 

valuable input for the rest of the collaboration team members. The research 

uses PTMs to be distinguished from other subcontractors and suppliers.  

� Project–based Production System – “a temporary infrastructure of resources 

and value–generating processes strategically arranged for new product or 

capital facility development” (Tsao 2005). 

1.4 – Hypotheses 

This research intends to confirm or refute the following hypotheses: 

1. Project practitioners can achieve relational contracting through traditional 

project management methods. 

To confirm or refute this hypothesis, this research needs to identify the 

following issues: 

� The traditional project management methods (e.g., principles) employed 

by IPD 

� Transferability of IPD to other projects 

2. IPD is able to foster construction innovation and improve overall project 

performance.  

To confirm or refute this hypothesis, the research uses the case study of the 
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OUC project to address the following issues: 

� Introduction of the project background and outcomes 

� Investigation of four innovations to reveal how IPD influences overall 

project delivery process and project performance 

1.5 – Research Objectives 

This research intends to achieve the following objectives: 

1. Understand the concept and practice of relational contracting in the AEC 

industry 

Previous research reviews related to relational contracting and issues around it. It 

helps practitioners understand the concept and implementation of relational 

contracting in the AEC industry.  

2. Understand the concept and implementation of IPD  

IPD offers practitioners another option of using relational contracting approach for 

achieving better project delivery. The research intends to introduce and discuss the 

concept and characteristics of IPD to demonstrate how IPD achieves relational 

contracting by employing principles and techniques. The research also intends to 

explain why IPD is transferable to other projects. 

3. Understand how IPD influences overall project delivery process and 

project outcomes 

The case study of the OUC project provides a concrete example on how IPD 

influences construction innovation and overall project outcomes. Thus, practitioners 

can understand, learn, and apply IPD to improve their business.  
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1.6 – Research Questions 

The following questions drive the research to confirm or refute the research 

hypotheses and realize the research objectives 

1. What is relational contracting and how has it been implemented in the AEC 

industry? 

2. What is IPD?  

3. What outcomes has IPD achieved? 

4. What has been the return on investment? 

5. What has the IPD team learned from their implementation? 

6. Is IPD transferable to other projects? 

1.7 – Thesis Structure 

Chapter 2 reviews previous research related to relational contracting. In particular, 

this chapter presents several relational contracting models and approaches such as 

project alliance, the Sutter Health building program, etc. The literature review helps 

practitioners understand the concept and practice of relational contracting in the AEC 

industry. 

Chapter 3 introduces and discusses IPD. This Chapter addresses the following 

issues: (1) the concept and background of IPD, (2) the principles and techniques 

employed by IPD to achieve relational contracting, (3) project outcomes and the 

return on investment, and (4) learned lessons. In addition, this chapter points out that 

IPD is transferable to other projects. The introduction and discussion of IPD help 

practitioners understand how to achieve relational contracting by employing IPD 
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principles and techniques. 

Chapter 4 investigates the case study of the OUC project. This chapter first 

introduces the background and outcomes of the project in terms of product quality, 

project cost and schedule. By investigating four innovations this chapter further 

reveals how IPD influences construction innovations and project outcomes.  

Chapter 5 develops a preliminary quantitative methodology to quantify the 

investment of time on the OUC project, in terms of design cost. This chapter argues 

an inaccurate statement made by the IPD team, “The only investment for the IPD 

team was time – there was no monetary investment.” This statement might mislead 

practitioners into an underestimated project budget and profit because of its ignorance 

of design cost resulting from the invested time.  

In closing, Chapter 6 provides an assessment of contributions to knowledge, some 

insight into IPD practice, and suggestions for future research. 
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CHAPTER 2 – LITERATURE REVIEW 

Complexity, uncertainty, and constraints on budget and schedule have caused 

problematic issues in the AEC industry today. At the same time, contracting limits 

prevent changes to the project–based production system (Tsao 2005) and lead to 

unsatisfactory project outcomes (Sakal 2005). Because of this, the AEC industry has 

been calling for more efficient and effective contracting methods to achieve better 

project delivery process and outcomes. 

During the past few decades, researchers and construction practitioners have 

created and refined a new type of project delivery method – relational contracting. By 

using relational agreements, relational contracting approaches are able to foster the 

trust–based collaboration between the contracting parties and consequently improve 

innovations, production efficiency, and project outcomes (Ross 2003). Although 

relational agreements are usually informal, they contain code of conduct that can 

“powerfully bind behavior of the contracting parties through features such as trust and 

relationship continuity” (Cheung et al. 2006). In addition, the use of a risk/reward–

sharing mechanism integrates the contracting parties into an entire team and aligns 

their interests into a common goal. Relational contracting approaches offer better 

ways than traditional ones for project delivery (Hauck et al. 2004).   

By reviewing papers from the Journal of Construction Engineering and 

Management, the Lean Construction Journal, the Journal of Professional Issues in 

Engineering Education and Practice, and integrated practice from the AIA website, 

this chapter presents previous literature review related to relational contracting and 
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issues around it. These journals and institutions provide a “well–documented and 

historical perspective into the evolution of the AEC industry practice in the U.S.” 

(Tsao 2005). The literature review addresses the following issues: 

(1) What are the problematic issues in today’s AEC industry? 

(2) What is relational contracting and what are the characteristics of relational 

contracting? 

(3) How has relational contracting been implemented in the AEC industry? 

2.1 – Problematic Issues in the AEC Industry  

Hinze (1993) investigated issues that challenged the AEC industry. He noticed that 

the industry had suffered low productivity in the past few decades. This, he argued, is 

rooted partially in the conservative nature of the industry. For example, the amount 

spent on research and development in the construction industry at the time of his 

research was less than 0.4% of the value of the construction put in place. In addition, 

the failure rate for construction firms was quite high, with business failures in 

construction accounting for approximately 12% of all business failures. And nearly a 

third of those failures occurred in firms that had been in operation for more than 10 

years. He identified main factors that had led to those failures: managerial 

inexperience, unbalanced experience, and incompetence.  

Koskela and Vrijhoef (2000) discussed the deficiencies of prevalent construction 

theory. They provided three main deficiencies. First, lack of explicit construction 

theory makes it impossible to transfer innovative ‘lean’ production from 

manufacturing to construction. Second, current construction theory is based on the 
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transformation model. Two major principles employed by this model have caused 

problems in project delivery process: (1) focus on discrete pieces rather than overall 

performance and (2) hindrance of top–down implementation of innovations, and 

mitigation of reliability and efficiency. Third and last, deficient theory hinders 

bottom–up innovation, systematic learning, and problem solving. According to 

Koskela and Vrijhoef, it is difficult to change the managerial mode and organization 

of construction without radical innovation and adequate theory. Therefore, the 

construction industry is in need of an explicit theory of production to foster top–down 

and bottom–up innovation process in construction firms. 

Matthews and Howell (2005) discussed about constraints resulting from 

traditional contracting approaches. They described four major problems: holding back 

good ideas, stifling collaboration and innovation, limiting effective coordination, and 

hampering global optimization. Within traditional contracting structure, it is almost 

impossible to incur close collaboration, effective coordination, and value–adding 

innovations. As a result, every contracting party works only to optimize its own 

performance without regard for overall optimization.  

2.2 – Relational Contracting  

2.2.1 – Characteristics 

Macneil (1978 and 1987) described the evolution of contracts. Based on the 

characteristics of transaction, there are two primary types of contracts: traditional and 

relational. Traditional contract includes classical and neoclassical (Figure 1).  
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Figure 1: Types of Contract (Macneil 1978 and 1987) 

The classical contract aims to cover as many contingencies as possible to reduce 

unforeseen disputes and claims. However, clear and rigid rules put high restrictions 

on personal interaction between parties. This does not help build a collaborative and 

long term relationship between the contracting parties. The neoclassical contract is 

more flexible than the classical contract by involving a third party to evaluate party 

performance and resolve disputes or claims. Figure 2 lists the characteristics of 

classical and neoclassical contracts. 

Classical contracts  Neoclassical contracts 

1. It is used when the 
contract period is short. 

 1. It is used with a specific 
fixed duration or task to be 
completed. 

2. Higher restrictions on 
personal interaction.      

 2. Personal interaction is 
relevant. 

3. It is used when the 
transaction is done only once 
without a future connection.     

 3. It is used when 
opportunity exists for future 
cooperation.      

4. It allows a higher degree 
of discretion and 
presentation.      

 4. It allows a lower degree of 
discretion and presentation.      

Figure 2: Characteristics of Classical and Neoclassical Contracts  

(Macneil 1978 and 1987, Abrahams & Cullen 1998) 

Although the neoclassical contract allows some interaction between parties, still it 
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contains the shortcomings of the classical contract and does not encourage a totally 

different concept of partnership. Both the classical and neoclassical contracts focus on 

self–interest only. The inadequacies of both contacts have resulted in the emergence 

of relational contract that aims to achieve a balance between self–interest, 

collaboration and fairness. By using partnering agreements relational contract defines 

proper behavior norms and rules and binds all the contracting parties as an entire 

team. Therefore, parties are able to improve overall performance through full 

collaboration and teamwork.  

Rahman and Kumaraswamy (2004) explored the potential of implementing 

relational contracting for joint risk management. In their opinion traditional 

contracting approaches allocate construction risks to parties through rigid contract 

terms and clauses. However, due to the complex and uncertain nature of construction 

projects, the contracting parties can not foresee all the risks as projects progress. To 

overcome those unpredictable risks, all the parties should manage risk jointly by 

using relational contracting approaches. By sharing risks jointly relational contracting 

underpins alliancing, partnering, and teamwork between diverse participants. The 

authors recommended transforming traditional relationships toward a relational 

culture since it transcends organizational boundaries to mitigate potential risks. 

Colledge (2005) discussed about the characteristics of relational contracting. 

Traditional contracting structure relies too much on discrete and standardized 

transaction while relational contracting approaches facilitate transactions between 

organizations and provide a framework for development of exchange between parties. 

The author outlined the characteristics of relational contracting as follows: equal 
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relationships between parties, sharing of benefits and risks, greater interdependence, 

and bilateral and unified governance. These characteristics increase the level of trust 

and partnership between team members and result in benefits including (1) improving 

working relationships between project participants, (2) facilitating effective and 

efficient construction process, (3) enhancing financial returns, and (4) resolving 

conflicts more easily. In addition, relational contracting can bring project stakeholders 

value beyond the project, such as a long–term relationship between parties, higher 

productivity or profitability, and sustainable relationships for a wider community or 

society.  

Cheung et al. (2006) described the characteristics of relational contract in the 

construction industry. The authors defined a relational contract as “an informal 

agreement involving an unwritten code of conduct that can powerfully bind the 

behavior between the contracting parties through features such as trust and 

relationship continuity”. Then Cheung et al. summarized the characteristics of a 

relational contract (Figure 3). These characteristics provide relational contract with a 

high degree of flexibility for sustaining a long–term relational relationship between 

project parties. 
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Figure 3: Characteristics of Relational Contract (Cheung et al. 2006) 

2.2.2 – Models and Techniques 

Ross (2003) and Sakal (2005) described a relational contracting model, project 

alliance (PA), which was developed originally by British Petroleum (BP) in the early 

1990s. Later on Australia’s public sector widely employed this contracting approach 

for high complex capital projects. By applying essential alliance principles (e.g., no–

blame culture, equitable sharing of risk and reward, etc.) between parties, PA 

encourages project participants (e.g., client, designer, and contractors) to work as an 

integrated team to achieve their common objectives. There are five essential features 

in PA: (1) All alliance parties share uninsurable risk in the project. (2) The alliance 

participants are compensated with a 3–limb and open–book compensation model. (3) 

A project alliance board (PAB) governs the project and makes unanimous decisions. 

(4) The project management team consists of participants from all alliance parties and 

handles daily issues. (5) The management team handles and resolves all disputes and 

conflict internally. 
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In particular, Ross described the 3–limb and open–book compensation model. 

Limb 1 fees are all direct project costs and overhead incurred by the alliance team 

members. All contracting parties can view these fees using 100% open–book 

accounting. Limb 2 fees are corporate overhead and profit. The management team 

sets them as a percentage of the target cost (Figure 4).  

 

Figure 4: Project Alliance Compensation Model (Ross 2003) 

Limb 3 fees are predetermined gain/pain share arrangements depending on the 

difference between the final cost and the target cost. If the final cost ends up being 

less than the target cost, all alliance parties share the savings. If the final cost comes 

in greater than the target cost, the whole alliance team shares in the losses. Figure 5 

illustrates the predetermined gain/pain share arrangement. 

Most traditional contracts tie compensation to an individual party’s performance 

and not the project outcomes. This typically leads to decision–making that is keen on 

self–interest only. As projects become more dynamic, project participants have less 

flexibility to react to uncertainties and risks. However, the use of PA approach can 

assist project participants to overcome the deficiencies resulting from traditional 
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methodologies for high complex projects. 

 

 

Figure 5: Limb3: Sharing of Pain / Gain (Ross 2003) 

Hauck et al. (2004) described the criteria for selecting alliance members by 

reviewing the case study of the National Museum of Australia (NMA) project. To 

achieve success of the project, alliance partners needed to be “trustworthy, 

committed, and competent.” Thus, the selection of alliance partners was more 

complex than that under traditional contracts. Owner representatives and the selected 

design team established 12 criteria for the evaluation process (Figure 6).  

The selection process and criteria ultimately resulted in a competent, creative and 

collaborative team. With a high level of collaboration, the alliance members created 

many innovations and delivered significant added value to the client. 
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Criteria of Selection for National Museum of Australia Construction Alliance 

Partners 

1. Demonstrated ability to complete the full scope of works including contributing to 

building, structural, mechanical, and landscaping design. 

2. Demonstrated ability to minimize project capital and operating costs without 

sacrificing quality. (Value analysis and lifecycle costing.) 

3. Demonstrated ability to achieve outstanding quality results. 

4. Demonstrated ability to provide the necessary resources for the project and meet 

the project program. (Including resumes of key staff.) 

5. Demonstrated ability to add value and bring innovation to the project. 

6. Demonstrated ability to achieve outstanding safety performance. 

7. Demonstrated ability to achieve outstanding workplace relations. 

8. Successful public relations and industry recognition. 

9. Demonstrated practical experience and philosophical approach in the areas of 

developing sustainability and environmental management. 

10. Demonstrated understanding and affinity for operating as a member of an 

alliance. (Collaborative experience and views on risk/reward schemes.) 

11. Substantial acceptance of the draft alliance document for the project including 

related codes of practice, proposals for support of local industry, and employment 

opportunities for Australian indigenous peoples. 

12. Demonstrated commitment to exceed project objectives. 

Figure 6: National Museum of Australia Selection Criteria (Hauck et al. 2004) 

Lichtig (2005) described a relational contracting model, a so–called Sutter Health 

building program. Sutter Health is a nonprofit and community–based hospital and 

healthcare system headquartered in Sacramento, California. This building program 

includes $5.5 billion of design and construction to be completed by 2012. Sutter 

Health’s management team and Lean Project Consulting, Inc. developed five big 

ideas for achieving lean project delivery: really collaborate, through design, planning, 

and execution; increase relatedness among all project participants; realize networks of 

commitments; optimize the project and not the pieces; and tightly couple learning 



21 

with action (Figure 7). By implementing these ideas, Sutter Health achieved the goal 

of successful risk mitigation, reliable project delivery, and sound financial 

maintenance.  

 

Figure 7: The Five Big Ideas (Lichtig 2005) 

Lichtig further developed the commercial strategies for a relational contracting 

model: selecting the right teams, creating a collaborative design environment, 

managing financial risk jointly, managing disputes jointly, and developing an 

incentive program. These strategies provide a foundation for a relational contracting 

model focusing on improving collaboration and relatedness between all parties. 

Pryke (2006) presented a new relational contracting approach, known as prime 

contracting (PC) that is used in U.K. public sector construction procurement practice. 

This approach introduces a concept of “clusters” to reflect multi–trade work activity. 

A cluster is a professional group that “develops its own expertise, expresses a strong 

customer orientation, pushes decision making toward the point of action, shares 

information broadly and accepts accountability for results” (Gray 1996). PC sets 

“clusters” as a basis for the integration of design, production, and financial 

management activities. On a prime contracting project, multidisciplinary “cluster 
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leaders” deal with many duties traditionally taken by the architect, engineer, and other 

professionals. A cluster group has the following features: (1) grouping all contributors 

together, (2) bringing together technical, quality and efficient issues to provide the 

best design solutions, (3) creating a fully integrated solution for the given system, (4) 

completing the system as an integrated unit, (5) creating and sustaining value through 

highly localized focus, and (6) transferring value without dissipation by interfacing 

the system with related systems accurately and on schedule. The features of cluster 

group result in a high level of coordination and communication network and 

consequently lead to a high level of interaction between project parties. The 

implementation of PC has led the U.K. construction industry to less adversarial and 

more customer–focused. 

Koolwijk (2006) described the alternative dispute–resolution (ADR) methods 

under relational contracting circumstances. The ADR methods aim to solve disputes 

between project parties at different levels. The first level is the prevention method 

that uses an agreement between all the parties in the beginning of a project to prevent 

disputes from occurring. The second level is the negotiation method used when the 

prevention method fails to prevent disputes from happening. Through direct 

negotiations the quarreling parties work out a solution for disputes by themselves. 

The third level is the neutral mediation method employed when the negotiation 

method does not work. The disputing parties invite a neutral mediator to examine the 

dispute and advise a solution. The fourth level is the mini–trial method applied when 

the disputing parties still can not solve their disputes. All the parties then form a 

council to judge the disputes and make a decision. The judgment from the mini–trial 
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has no legal status but the result can lead to a bad relationship between the disputing 

parties. When none of the above methods succeeds, the disputing parties have to go to 

the final level of ADR, that is, the council of arbitration method. In this case an 

independent council produces a legal binding decision to decide which party will win 

or lose. Once the council reaches a decision, the relationship between the disputing 

parties can become adverse. 

Generally speaking, when disputes occur, going to court could harm the spirit of 

relational contracting and fade team collaboration. This could ultimately harm project 

outcomes and all the parties. The use of ADR methods can help the disputing parties 

work out suitable solutions to mitigate the harm. To protect project outcomes, it is 

wise to keep disputes being solved at lower levels because when the level increases, 

the harm would increase accordingly.  

Ling et al. (2006) suggested four measures to facilitate relational contracting 

including (1) top management and client support resulting from a learning climate 

and a positive attitude towards continuous improvement, (2) alignment of team 

objectives to bring about sound outcomes, (3) building a culture of trust among team 

members to create trust and trustworthy behaviors from each other, and (4) 

employing appropriate contractual incentives such as risk–reward plans, risk 

allocation, etc. The research indicates that these issues not only reduce adversarial 

behavior, but also enhance team performance and ensure improved project delivery. 

Edkins and Smyth (2006) discussed a way for measuring robustness of relational 

relationship in terms of trust. Trust is a key for measuring the performance of 

contracts through relationship management. The components of trust include three 
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elements: trust, expections, and confidence. Expections includes two elements: faith 

and hope. Faith is an expectation based upon “what is perceived but is unseen in 

terms of evidence”. Hope is based upon “what has been seen and is perceived 

possible in circumstances being faced”. Confidence is based upon “evidence in recent 

past performance within relationships”. Trust is the mediator embodied relationships 

with other parties. Figure 8 demonstrates the connections between the components. 

As trust mediates between the expectations (i.e., faith and hope) and confidence, 

successful outcomes could probably happen. This in turn raises expectations to a 

higher level and leads to the potential for further deepening of relationships between 

parties. In contrast, risk would rise if trust is eroded and expectations are lowered. 

The proper use of components of trust can strengthen relationships between parties 

and improve project performance in terms of cost and value. 

 

Figure 8: Components of Trust (Edkins and Smyth 2006) 

In 2007 the American Institute of Architects (AIA) National and AIA California 

Council published the Integrated Project Delivery (IPD) Guide. The Guide provides 

general guidance to assist owners, designers and contractors to use integrated models 

for improving design, construction, and operation processes. The Guide identifies the 
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characteristics of IPD and provides specific information on how to utilize IPD 

methods to enhance project delivery process. The Guide addresses the following 

aspects: (1) introduction of IPD principles, (2) setting up an integrated project, (3) 

delivering an integrated project, (4) exploration of multi–party agreements, and (5) 

delivery model commentary. In particular, the Guide points out that trust–based 

collaboration is a key for delivering an integrated project since it encourages parties 

to focus on project outcomes rather than their individual interests. Without trust–

based collaboration, participants will remain in the adverse relationships and IPD will 

fail. Practitioners may apply the principles and techniques described in the Guide to 

any model on any project to achieve a more integrated project. However, certain 

characteristics of a particular delivery model or project may influence the level of 

integration that can be achieved. 

2. 3 – Summary 

By reviewing previous research on relational contracting and issues around it, this 

chapter addressed the following respects. 

First, previous research reviewed problems in the AEC industry, presented by 

Hinze (1993), Koskela and Vrijhoef (2000), and Matthews and Howell (2005). To 

change the situations the AEC industry needs to embrace an explicit theory of 

production and innovative project delivery approaches.  

Second, previous research described the concept and characteristics (e.g., equal 

relationships) of relational contracting, discussed by Macneil (1978 and 1987), 

Colledge (2005), etc. These characteristics can increase the level of trust and 
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partnership between team members and result in project benefits (e.g., enhancing 

financial returns) and value beyond the project (e.g., long–term relationship).  

Third and last, previous research introduced several relational contracting models 

including project alliance (PA) (Ross 2003 and Sakal 2005), the Sutter Health 

building program (Lichtig 2005), and prime contracting (PC) approach (Pryke 2006). 

Previous research also presented some techniques for refining relational contracting 

including selection criteria for alliance partners (Hauck et al. 2004), alternative 

dispute–resolution (ADR) (Koolwijk 2006), etc. Thus, this literature review helped 

clarify the concept and degree of implementation of relational contracting as 

practiced in today’s AEC industry.  
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CHAPTER 3 – INTEGRATED PROJECT 

DELIVERY (IPD)  

IPD is a relational contracting approach created by a group of professionals and 

contractors for better project delivery. On–site interviews with the PTMs provided 

considerable information of the concept, principles, techniques, and implementation 

of IPD. This chapter addresses the following issues:  

1. How was IPD created?  

2. What are the differences between IPD process and IPD, Inc.? 

3. How does IPD achieve relational contracting?  

4. What outcomes has IPD achieved? 

5. What has been the return on investment? 

6. What has the IPD team learned from implementation? 

7. Is IPD transferable to other projects? 

3.1 – Integrated Project Delivery TM (IPD) 

3.1.1 – Background 

Westbrook is a 57–year–old mechanical contracting company based in Orlando, 

Florida. Westbrook initially focused on many DBB projects. A few years ago, the 

company decided to decrease its work in DBB and focus more on design–build (DB) 

projects, which are directly negotiated with the owner. Company leaders noticed that 

when the company served as the prime contractor, the instinct for self–interest was 

too keen for all parties to perform a real collaboration. When it worked as a 
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subcontractor, promises of collaboration and teamwork never reached their potential. 

The results seldom achieved team members’ expectations. 

Westbrook management spent years trying different types of relationships with 

other design professionals and contractors to find a more effective project delivery 

process. Ultimately, they developed a relational contracting approach they called 

Integrated Project Delivery (IPD). By using a relational partnering agreement, IPD 

aligns the interests of all the PTMs into a common goal. By using the risk/reward 

sharing mechanism IPD fosters full collaboration and teamwork between the PTMs 

so that they can work as an integrated team. 

Typically the IPD team consists of several independent companies for temporary 

bidding and performing of construction projects. It includes an architect, a general 

contractor (GC), a mechanical contractor, an electrical contractor, a plumbing 

contractor, and a mechanical, electrical and plumbing (MEP) engineer. These 

companies are also referred to as PTMs to be distinguished from other subcontractors 

and suppliers. PTMs in IPD projects may vary from project to project. 

3.1.2 – IPD Process vs. IPD, Inc. 

There are two types of IPD: IPD process and IPD, Inc. It is helpful to distinguish 

these two formats of IPD.  

The IPD team started IPD process in 1998. With IPD process one PTM signs the 

prime contract with the owner, and then all the PTMs enter a relational partnering 

pact to share total risks and profits. For example, on Westbrook–led projects, 

Westbrook holds the prime contract then all the PTMs enter into a partnering pact. 
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The partnering agreement binds all the PTMs to the prime contract so they are not 

worried about a team member backing out. Figure 9 demonstrates relationships 

between all the parties in a mechanical–led project through IPD process. 

 

Figure 9: Relationships through IPD Process  

IPD, Inc. was started in 2001. Within IPD, Inc., each PTM is a shareholder. On 

IPD, Inc. projects, the PTMs automatically share all the responsibilities. One special 

thing about IPD, Inc. is that it does not make a profit, as the company distributes all 

the profits to the PTMs at end of each project. Figure 10 demonstrates relationships 

between all the parties in an IPD, Inc. project. 

The IPD team can deliver a project through either IPD process or IPD, Inc. For 

the PTMs, it does not matter if the owner writes the contract in ‘Westbrook/IPD’ or 

‘IPD, Inc.’ because either contract means the same to them. But these two formats do 
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provide the owner more flexibility in developing the prime contract.  

 

 

Figure 10: Relationships through IPD, Inc. 

3.2 – Achieving Relational Contracting through 

Traditional Project Management Methods 

Relational relationship is the core of IPD. To achieve relational contracting the IPD 

team spent years developing and refining some principles and techniques. The 

process has been a long journey.  

3.2.1 – Two Primary Principles 

IPD employs two primary principles to govern relationships between the PTMs. 

Externally all the PTMs are responsible for the provisions of the prime contract with 

the client. This principle aligns the interests of all the PTMs into a common goal, 
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which is to facilitate product transactions and provide value beyond the project 

(Colledge 2005).  

Internally IPD uses a one–page–only agreement to bind all the PTMs completely 

and equally to the prime contract. The use of partnering agreement builds up 

relational relationships between the PTMs. Compared with traditional relationships 

between project participants, relational relationships offer the following advantages: 

(1) achieving a better balance among the self–interest, collaboration, and fairness 

(Macneil 1978 and 1987), (2) driving all parties to manage risk and uncertainty 

jointly (Rahman and Kumaraswamy 2004), and (3) fostering collaboration and 

innovation that result in outstanding project outcomes (Ross 2003 and Lichtig 2005).  

3.2.2 – Selection of PTMs 

An incompetent team member can harm relational relationships between the PTMs 

and consequently harm project outcomes. To keep the relationships effective it 

requires the PTMs to be accountable to each other. Thus, the selection of the PTMs 

should be cautious and careful. For example, Hauck et al. (2004) outlined twelve 

criteria for selecting a competent alliance partner in the NMA project.  

IPD management usually focuses on two primary issues in evaluating and 

selecting a qualified PTM. One issue is that the candidate should be trustworthy. 

There are both objective and subjective ways to evaluate this. The objective way is to 

check the candidate’s project history and obtain feedback from his previous clients. 

The subjective way is to assess his personality, ability, and other character traits 

through face–to–face interviews. The other issue is that the candidate should be like–
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minded with the rest of the team. He should be willing to spend extra time on IPD 

projects even if he is not well compensated for that time. Typically an IPD PTM 

spends 10% to 20% more time on an IPD project than on a regular DB project. 

However, the current compensation structure within IPD limits the team to pay the 

PTMs for their extra time. In spite of this, the PTMs are willing to put in this effort 

because: (1) so far the compensation approach has been the best way to compensate 

them, (2) the IPD team has realized the problem and begins working to improve it, 

and (3) IPD projects can be more fun, because they relieve the individual pressure 

and encourage the PTMs to work more creatively.  

In general, the evaluation and selection process is a lengthy one. For example, 

IPD management once had spent six months evaluating a new GC before they finally 

decided to bring him on board. 

3.2.3 – Determination of Lead Position  

For a regular DBB or DB project, an architect usually leads the design phase and 

hires engineers and consultants to develop design documents. A GC is in charge of 

the construction phase by hiring contractors and suppliers to perform construction 

jobs.  

On an IPD project, however, the IPD team establishes the lead position in a 

different way. The team determines early on who will lead the project delivery 

process based on the nature of the project. If a project is mechanically intensive, for 

example, and the architect needs only to “box” the facilities, it would make sense for 

the mechanical contractor to take the lead.  
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The lead position within IPD has two key roles. First, it offers effective project 

management with the help of that PTM’s professional expertise and experience. 

Second, it provides one entity to deal with external administrative issues (e.g., 

communication with client). For internal issues, the IPD management team makes 

unanimous decisions, handles and resolves all conflict. The management team 

consists of representatives from all the PTMs.  

3.2.4 – Development of Compensation Structure 

A good compensation structure is essential for a relational contracting approach as it 

provides an incentive mechanism for all the parties to pursue better performance. For 

example, Ross (2003) described a 3–limb, open–book compensation model used in 

PA. With this model, all the alliance parties could benefit from the predetermined 

gain/pain share arrangements if a project results in big savings.  

To provide an incentive mechanism, the IPD team establishes a compensation 

approach that is fair and acceptable to everyone. The team reimburses each PTM 

monthly for all verifiable direct costs he incurs. At the end of the project the IPD 

team calculates and distributes the profit to each PTM based on a predetermined 

formula. All PTMs bring in their accountants to develop that formula with an open 

book. Open–book accounting helps them improve the way they integrate their work. 

The formula categorizes all the costs into four departments: labor, material and 

rental, equipment, and subcontractors. Here, the IPD team distinguishes material from 

equipment. Material refers to items like the mechanical pipes and hangers; equipment 

is defined as large pieces of machinery that are needed to purchase for the project. 
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Each department carries a different weight. Of all the departments, labor has the 

biggest weight. Material and rental, equipment, and subcontractors take the second, 

third, and fourth positions respectively. The formula below demonstrates how this 

works: 

Profit A = f (α * Labor A, β * Material and rental A, γ * Equipment A, µ  * 

Subcontractors A) * Total profit, where 

f = Function of profit percentage, 

A = PTM A, 

α = Weight of labor, 

β = Weight of material and rental, 

γ = Weight of equipment, 

µ  = Weight of subcontractor, and 

α > β > γ > µ . 

At the end of each project, the team uses this formula to distribute the profit to 

each PTM. Doing it this way provides two primary incentives for the PTMs. First, it 

facilitates the PTMs to maximize the total profit. The more total profit they gain the 

more individual profit each PTM earns. This drives the PTMs to work efficiently and 

effectively to achieve the best project results by all means possible, including sharing 

equipment and workforce, working in close collaboration and so on. Secondly, it 

encourages each PTM to do his job himself rather than subcontract them out. Since 

the labor cost weighs the most of all, the more labor cost one PTM incurs, the more 

profit he gains.  

In contrast the traditional way of profit distribution ties compensation to each 
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party’s individual performance and not the overall project outcomes (Ross 2003). For 

example, on a traditional project, the GC usually puts a small percentage of fees on 

all the costs, mostly from contractors and subcontractors. Despite the fact that it is a 

small percentage, it ends up being a large sum of money. On an IPD project, 

however, the GC cannot get the same markup from those large trades as he does on a 

traditional project. He has to get his profit from the costs on labor, material and rental, 

equipment, and subcontractors. Thus, the GC has to become familiar with IPD’s 

compensation approach in order to get adequate profit.  

3.2.5 – Implementation of Off–site Prefabrication 

Much as it is throughout the industry, the lack of skilled labor was a big challenge for 

the IPD team. They had to find a solution to maximize utilization of their limited 

manpower. Finally the IPD team implemented off–site prefabrication to solve its 

manpower problem.  

In the beginning, the workers were resistant to the new idea since they were used 

to doing everything in the field, which was time–consuming. But the IPD 

management forced the workers to do it because they had seen some of their 

competitors have a lot of success using it. It made sense to do the right thing. It took 

the IPD team a month to get the workers to bring the field work into the shop. As a 

result, off–site prefabrication improved project delivery process as it helped lower 

cost, improve productivity and quality, and reduce safety risks (Pasquire et al. 2004). 

It also removed a lot of headaches of field coordination. As the workers saw the 

results, they realized prefabrication in the shop made it much easier for them to do 
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their jobs. They also realized that they could rely on the quality of the prefabricated 

product. Finally the workers embraced the idea.  

3.2.6 – Continuous Improvement through Learning 

When the IPD team started implementing IPD, they were looking at ways to further 

develop their DB capabilities and distinguish themselves from others. An increasing 

short supply of manpower forced the IPD team in the direction of ‘lean’.  

At that time the IPD team did not know much about ‘lean’. Initially, Westbrook 

CEO Owen Matthews educated himself on ‘lean’ and held in–house classes to train 

the rest of the team members. When the IPD team started implementing ‘lean’, they 

felt excited about it. They planned to implement ‘lean’ on large construction projects 

if they had direct control over them. On smaller jobs, they would use many lean 

principles such as the Last Planner System TM (LPS – developed by Lean 

Construction Institute). Since then, the IPD team has tried to utilize lean whenever 

and wherever they can. It allows the team to maximize its most limited resource – 

people. 

‘Lean’ provides the IPD team opportunities to improve project outcomes in terms 

of quality (i.e., quality of the product) and efficiency (i.e., production efficiency). 

Ling et al. (2006) pointed out that top management support resulting from a learning 

climate provides continuous improvement for relational contracting. The 

implementation of ‘lean’ indicates such a way for achieving continuous improvement 

on IPD practice. 
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3.3 – Return on Investment 

IPD team stated that the only investment on the IPD process was time – i.e., there was 

no monetary investment. Instead, they focused on how the PTMs spent time in 

training, developing a background in ‘lean’ principles, and creating the IPD approach. 

As a result, the IPD team on the OUC project felt that being on an IPD project 

required a continuous investment of time by company executives that cannot be 

directly recovered in job costs. Rather, the IPD team believed that the investment of 

time could only yield the benefits of obtaining new clients and projects. 

3.4 – Outcomes 

Relational relationships between the PTMs allow them to work across trade 

boundaries and achieve full collaboration and teamwork. IPD improves overall 

project performance in the following respects: 

First, IPD encourages the PTMs to provide their best ideas early in the design 

phase. Since there is no first–round or second–round bidding process, it makes no 

sense for the PTMs to reserve their best ideas that can possibly lead to innovations 

and result in cost and schedule savings.  

Second, IPD realizes global optimization. Relational relationships facilitate a full 

collaboration and teamwork between the PTMs, which helps realize global 

optimization by reducing waste in the design and construction process. In contrast, 

the rigidity of traditional contracting approaches drives project participants to focus 

on discrete pieces (Koskela and Vrijhoef 2000) and self–interest only, which does no 

good for the overall performance (Macneil 1978 and 1987). 
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Third and last, IPD relieves the PTM’s individual pressure. Since the PTMs share 

total risks, they are all responsible for the provisions in the prime contract. If one 

makes a mistake, all the PTMs share that cost. Thus, when one PTM encounters a 

problem, all others will give him a hand rather than stand by.  

3.6 – Lessons Learned 

Despite the benefits IPD has brought, the IPD team also has learned some lessons 

through its practice.  

First, the selection of GC should be handled very carefully since it is difficult for 

a GC to get used to his role within IPD. For example, the initial GC that the IPD team 

began with was trustworthy, and was a good partner from a business standpoint. But 

he did not share the same vision as the whole team. He was purely a construction 

manager (CM) who indicated the desire for more DB work. He was never really 

committed to IPD from the beginning. During IPD meetings he always made negative 

comments like “No, the customer would not buy that,” or “No, you cannot sell that to 

a customer.” The GC was not used to his new role with IPD and kept doing things as 

he would do them on a regular DB project. 

Second, ‘lean’ is not a solution to all problems. When the IPD team started the 

implementation of ‘lean’, they planned to use the LPS on every job. But later on they 

realized that it was not the case since the LPS worked well for some projects but 

poorly for other jobs. The LPS is not applicable for all projects, and should be applied 

case by case. Projects not subjecting to a lot of changes are not suitable to use the 

LPS. It is necessary to evaluate each project in terms of its potential for changes 
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before deciding whether or not to use the LPS. 

Third, it was tough to sell ‘lean’ to everybody, especially those who are 

unfamiliar with it. Many GCs knew little about the LPS and the last responsible 

moment (LRM) so they were suspicious. They believed late decisions would create 

poor schedules to release work to downstream crews. It was difficult for them to 

understand and accept those concepts.  

Fourth and last, IPD works but it needs a better marketing. For the IPD team, their 

goal is to achieve 100% IPD. They need someone who can market effectively and 

reach the decision–makers. Realizing that top–down implementation works more 

effectively than bottom–up implementation does, the IPD team is looking for clients 

who are seeking a better way of doing business. 

3.6 – Is IPD Transferable to Other Projects? 

The above discussions demonstrate the main traits of IPD: (1) the validity. As a 

relational contracting approach the practice of IPD has proved it works well for 

achieving better project delivery process, (2) the simplicity. To achieve relational 

contracting, IPD employs principles and techniques (e.g., selection of PTMs) that are 

simple to understand and use, and (3) limited financial investment that resulted from 

the invested time. Thus, these traits make it possible for practitioners to transfer IPD 

to other projects. But before they start implementing IPD, practitioners should 

evaluate their projects case by case to ensure IPD works properly in practice. 
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3.7 – Conclusions 

This chapter addressed the following issues: (1) introducing the concept and 

background of IPD, (2) distinguishing two formats of IPD (i.e., IPD process and IPD, 

Inc.), (3) describing the principles and techniques (e.g., selection of PTMs) employed 

by IPD for achieving relational contracting, (3) discussing the lessons learned from 

IPD implementation, (4) describing the return on investment, and (5) presenting the 

outcomes IPD. In the end, this chapter explained why IPD can be transferable to other 

projects.  

In conclusion, relational contracting can be achieved through traditional project 

management methods. The traits of IPD make it possible for practitioners to transfer 

IPD to other projects. Thus, IPD provides another relational contracting option for 

practitioners who are seeking a better way of doing business.  
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CHAPTER 4 – CASE STUDY: THE ORLANDO 

UTILITIES COMMISSION NORTH PLANT 

PROJECT 

4.1 – Case Study Objectives 

Meredith (1998) stated that, “A case study typically uses multiple methods and tools 

for data collection … The methods and tools employed include both quantitative and 

qualitative approaches as well as obtrusive and unobtrusive methods.” To help 

practitioners understand how IPD fosters construction innovation and improves 

overall project delivery, this research uses the case study of the OUC north plant 

project. This chapter intends to achieve the following objectives: (1) provide a 

concrete example to demonstrate how an IPD project works, and (2) investigate four 

innovations on how IPD fosters construction innovation and improves project 

performance.  

4.2 – OUC North Plant Project 

4.2.1 – Background 

In 2003, OUC (i.e., the owner), awarded the Westbrook/IPD team the contract to 

design and construct its north plant, a 60,000–ton chiller plant in downtown Orlando 

Florida with a $6 million budget. The project faced several challenges. First, the 

demolition of two existing buildings on the site was completed later than expected. 

Second, this project was in the commerce section of Orlando, so both Orlando’s 
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Building Department and the Downtown Development Board (DDB) had to review 

the plan to make sure it fit within the master plan developed for that area. The need 

for architectural review was a time–consuming process, and ultimately caused a 6–

week delay.  Last, the review also impacted the IPD team financially as the DBB 

asked for architectural modifications to the building, resulting in $200,000 of 

additional work and costs. The IPD team had to accommodate the disruption into 

their schedule and restructure the process so the team could still meet its target dates. 

Initially, the team planned to obtain a permit for the whole building construction (i.e., 

foundation and main structure). However, the DBB review results forced the team to 

come up with a new plan; otherwise, it would delay the team’s target schedule. The 

team then decided to obtain a permit for the foundation construction first. Meanwhile, 

the team could revise the architectural design and obtain another permit for the main 

structure. In this way, the team would meet the DBB requirement and the target 

construction schedule. Finally, they made it. 

In spite of the challenges, the IPD team produced a quality of the finished product 

they were very proud of. Not only was the team able to finish the construction in a 

very short amount of time, but also they raised the bar in terms of quality. The project 

schedule and budget performance are as follows: 

SCHEDULE PERFORMANCE: 

Contract date      12/30/2003  

Completion of demolition     01/07/2004  

Completion of design development (DD)   01/26/2004  

Permit Issued      04/14/2004  
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Work begun                 05/04/2004 

Plant ready to operate     07/28/2004  

The IPD team made this schedule performance possible with relational relationships 

between the PTMs, which fostered a common team commitment to the project.  

BUDGET PERFORMANCE: 

Guaranteed maximum price (GMP)   $6,000,000 

Final price       $5,400,000 

IPD savings against GMP    $600,000 

The IPD team set GMP after completing the DD documents that reflected the team’s 

best value engineering. The team realized a savings of 10% during the project process. 

4.2.2 – Organizational Structure 

For the OUC project, the IPD team consisted of six companies: an architect, a 

mechanical contractor, an electrical contractor, a GC, a plumbing contractor, and a 

MEP engineer. Table 1 lists the major project participants involved in the project. 

Since the project is mechanically and electrically intensive, the IPD team decided that 

Westbrook (i.e., the mechanical contractor) would take the lead position.   

The OUC project employed IPD process for project delivery, that is, Westbrook 

signed the prime contract with the owner, and then all the PTMs entered a relational 

agreement to share total risks and rewards. Figure 11 illustrates the organizational 

structure of IPD process in this project. Because of Westbrook’s lead position, the 

OUC project is also referred to as a Westbrook–led IPD project in this research. 
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Table 1: Major Project Participants in the OUC Project 

Major Project Participants Title 
PTM or 

NOT 

Orlando Utilities Commission (OUC) Owner No 

Addison Steel Company (Addison) Steel fabricator No 

Walter P. Moore Company (Walter) Structural engineer No 

Westbrook Company (Westbrook) Mechanical contractor Yes 

The WELBRO Companies (WELBRO) General contractor Yes 

Helman Hurley Charvat Peacock / 
Architects, Inc. (HHCP) 

Architect Yes 

Peninsula Engineering, Inc. (Peninsula) MEP engineer Yes 

Progressive Plumbing, Inc. (Progressive) Plumbing contractor Yes 

Territo Electric, Inc. (Territo) Electrical contractor Yes 

 

 

Figure 11: Organizational Structure of the OUC Project  
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4.2.3 – Innovation 

Innovation is indispensable for long–term business success because uncompetitive 

companies can hardly survive in the changing marketplace (Dunham 1997). In the 

AEC industry, innovations can result in benefits including increasing productivity and 

efficiency, reducing cost and schedule, improving product quality, etc. (Slaughter 

1998).  

However, innovation is possible only if the contracting parties are able to provide 

innovative ideas and collaborate fully to realize the process. Most traditional 

contracting approaches lack such an environment for innovation as the rigid 

contractual language holds back the best ideas and limits team members to fulfill 

close collaboration. An AEC industry problem today is that practitioners always look 

at what could possibly happen legally and then begin to write language to avoid the 

potential problems. In contrast, relational contracting offers a collaborative and 

encouraging environment for innovation by using relational agreements and risk–

and–reward sharing mechanisms (Hauck et al. 2004). In this research, IPD provides 

an example of how relational contracting encourages and realizes innovation 

throughout project delivery process. To help practitioners achieve a better 

understanding of this, this chapter addresses four innovations occurred in the OUC 

project. 

Innovation A – Installing the Entire Conduit Underground, 

Innovation B – Prefabricating Pipe Hangers off Site, 

Innovation C – Managing the Structural Design for Global Optimization, and 

Innovation D – Matching Actual Equipment and Pipe Color with 3D Model Color. 
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4.3 – Innovation A: Installing the Entire Conduit 

Underground 

4.3.1 – Original Plan: Running Conduit Overhead  

Initially Territo (i.e., the electrical contractor) planned to run most steel conduit 

overhead except for those must be buried underground. The conduit is to carry 

electrical wires and cables. Figures 12 and 13 demonstrate how the overhead conduit 

runs and reaches equipment and outlets.  

 

Figure 12: Running Conduit Overhead (Image by Xu 2006) 

The original plan called for work flows as follows: (1) WELBRO (i.e., the GC) 

excavated the site and poured foundations to the designed elevation. Then WELBRO 

backfilled and compacted dirt to the slab on grade (SOG), (2) Territo then came to the 

site to install the underground conduit. To do so, Territo would need to re–excavate 

the site, place the conduit, backfill and compact dirt to the SOG, (3) after Territo 

completed the job, Progressive (i.e., the plumbing contractor) would come to install 

plumbing pipes, repeating the same steps as Territo did, (4) the steel erector then 
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began putting up steel; meanwhile, WELBRO poured the concrete slab, (5) after steel 

framing was set, Westbrook (i.e., the mechanical contractor) came to install 

mechanical equipment and pipes, and (6) after that Territo would come back again to 

install the overhead conduit. The process map (Figure 14) demonstrates work flows in 

this process. 

      

Figure 13: Connecting Overhead Conduit to Equipment/Outlets (Image by Xu 2006) 

4.3.2 – Problems Encountered 

Running conduit overhead is the most common way to do because it is simple and 

requires little interaction with other trades. Each trade only needs to complete its job 

and leaves the site for the next one. However, this method was not the best way for 

the whole project because: (1) it would result in significant material cost and 

scheduling demands. Since the clear ceiling height of the building was 25 feet (~ 7.62 

meters), it would drop each conduit run another 20 feet (~ 6.10 meters) from ceiling 

down to equipment and outlets. This would require significant lengths of conduit, (2) 
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running conduit overhead would call for a lot of support hangers, which would 

increase material and labor costs, (3) it would require major rework (e.g., re–

excavation) as Territo and Progressive installed the underground conduit and pipes, 

and (4) it would put a lot of pressure on Territo since the installation of overhead 

conduit was close to the end of the project. At that time the job site would be crowded 

with other crews (e.g., painters). This could influence and mess up Territo’s work.  

4.3.3 – Challenges for Installing Conduit 

Underground 

It is known that installing conduit underground is a cheaper way to do but it would 

challenge the IPD team in the following respects. (1) The tight schedule would not 

permit an underground installation because that would prolong the original schedule. 

This would consequently delay steel erection and the following jobs. (2) Territo and 

Progressive would need accurate equipment information (e.g., locations) to put 

conduit and pipes at the right places. Normally at the design stage, all that 

information is not available to the contractors.  With this project, the team had not 

even done the design yet. It would be too risky for an architect, engineer, or even a 

GC to authorize specific locations at this stage. (3) There would be no chance to 

change things once the concrete crew poured the slab. Although installing conduit 

underground is a cheaper way, people seldom do that because of those challenges. 
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Figure 14: Work Flows of Running Conduit Overhead  
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4.3.4 – The Innovative Idea 

In a weekly IPD meeting, Territo proposed to install the entire conduit underground. 

The idea surprised everybody because it seemed infeasible given the constraints. But 

Territo argued it would be difficult but not impossible. Territo offered the following 

explanation. First, the team could solve the scheduling problem if Territo and 

Progressive did the job in a more efficient way. For example, Territo and Progressive 

could place the entire conduit and pipes underground before WELBRO backfilled the 

dirt. Doing so would eliminate a lot of rework and save time. And if Territo and 

Progressive did the job quickly, it would not delay steel erection and the subsequent 

jobs. The only price for this was that WELBRO would have to hold backfill and 

compaction until Territo and Progressive were able to complete the job. Second, 

Territo and Progressive could get accurate equipment information if the team 

expedited the design process, despite the fact that the design was not done yet. With 

full collaboration and teamwork between team members, it would be possible to 

realize it. Third and last, to avoid any defective installation, the electrical and 

plumbing crews could check conduit and pipes before WELBRO finally poured the 

concrete slab. Territo also proposed to replace steel conduit with Polyvinyl Chloride 

(PVC) conduit due to the problems (i.e., price and availability) on the supply side. 

The use of PVC conduit would reduce cost and time.  

The idea was innovative in the way Territo proposed how to install conduit, not 

the fact that it was underground. The IPD team discussed Territo’s proposal, and 

ultimately decided to do it. Team members believed relational relationships would 



51 

help them overcome the hurdles. To achieve the goal, the involved team members 

needed to do the following things. (1) Walter (i.e., the structural engineer) needed to 

revise the foundation elevation to provide more space for Territo and Progressive to 

lay conduit and pipes underground. (2) Westbrook and Peninsula needed to expedite 

the design process to provide accurate equipment information for Progressive and 

Territo. (3) WELBRO needed to split the process of backfill and compaction into two 

phases: (i) after site excavation and foundation construction, WELBRO needed to 

backfill and compact dirt to the designed elevation and leave the site to Territo and 

Progressive for laying out conduit and pipes, and (ii) after Territo and Progressive 

completed the job, WELBRO needed to come back to complete backfill and 

compaction to the SOG. To avoid any damage to conduit and pipes, WELBRO might 

need to use new tools and techniques when doing backfill and compaction.  

4.3.5 – Implementation and Outcomes 

With full collaboration and teamwork, the involved team members were able to 

address the challenges. After solving all design issues, the team started doing the jobs 

on the site. The pictures below demonstrate the implementation process.  

To provide enough room to accommodate the underground conduit and pipes, 

Walter revised foundation elevation to 30 inches (~ 0.762 meters) below the SOG. 

WELBRO excavated the site and poured foundations (Figure 15).  

After backfilling and compacting dirt to the designed elevation, WELBRO left the 

site to Territo and Progressive (Figure 16). 
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Figure 15: Excavating the Site and Pouring Foundations (Clay 2006) 

 

 

Figure 16: Backfilling and Compacting Dirt to Designed Elevation (Clay 2006) 

Territo and Progressive then laid out the entire conduit and pipes underground. 

This eliminated all rework (e.g., re–excavation) required in the original plan. They 

also arranged conduit and pipes diagonally to achieve the shortest lengths (Figure 17).  

After Territo and Progressive completed the job, WELBRO came back again to 

backfill and compact aggregate to the SOG. To avoid any damage to conduit and 

pipes, the crew used new tools and techniques: (1) using a new aggregate and a 
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smaller machine to backfill the site (Figure 18), and (2) using fire hoses to wash 

aggregate in and around conduit and pipes (Figure 19). To ensure there were no 

defects, the electrical and plumbing crews checked conduit and pipes before 

WELBRO finally poured the concrete slab.  

 

 

Figure 17: Laying Out Conduit and Pipes Efficiently (Matthews &Howell 2005) 

 

 

Figure 18: Backfilling Aggregate with a Smaller Machine (Matthews & Howell 2005) 
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Figure 19: Washing Aggregate in and around Conduit and Pipes (Clay 2006) 

Finally, the field workers connected the underground conduit to equipment and 

outlets (Figure 20).  

        

Figure 20: Connecting Underground Conduit to Equipment and Outlets  

The process map (Figure 21) demonstrates work flows of running conduit 

underground. 

4.3.6 – Findings 

Although running conduit overhead is the most common way to do, it was not the 

best way for the project. The process map (Figure 14) indicates that during the 



55 

process team members just focused on the discrete pieces of work and there was little 

interaction between them. The inadequacy of collaboration could result in poor 

overall project performance (Macneil 1978 and 1987). 

In contrast, the innovation of installing the entire conduit underground 

demonstrated three advantages of IPD. First, IPD encourages the PTMs to provide 

their best ideas to improve overall project delivery and not the discrete pieces of 

work. In this case, without Territo’s proposal, the innovation could never have 

happened. Second, relational relationships between the PTMs foster a full 

collaboration and teamwork. Innovative ideas do not necessarily result in innovation 

because the realization of innovation requires considerable collaboration and 

teamwork, which can only happen under a relational environment. The process map 

(Figure 21) demonstrates considerable collaboration between the involved parties. 

Third and last, the reward–sharing mechanism further underpins relational 

relationships. Under the compensation structure of IPD, the individual profit mostly 

relies on the total project profit. The more total profit they gain the more individual 

profit each PTM earns. This drives all PTMs to work collaboratively and efficiently 

to maximize the total profit. These advantages allowed the IPD team to overcome the 

hurdles (e.g., constraints of time) and realized the innovation. 

The outcomes of the innovation satisfied the team by reducing lots of costs and 

time. The innovation also brought the team members a sense of achievement as they 

commented, “This is an incredible success and we have never seen that (i.e., 

innovation) happen in any DB project before.” 
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Figure 21: Work Flows of Running Conduit Underground  
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4.4 – Innovation B: Prefabricating Pipe Hangers 

off Site  

4.4.1– Crisis of Lacking Skilled Labor 

The field workers from Westbrook used to do everything in the field. The following 

steps describe a typical pipe installation process at that time: (1) laid out pipe hangers 

on the ground and marked chalk lines on the floor, (2) translated those points up onto 

steel beams, (3) measured and cut hanger rods to the required lengths, (4) welded 

hanger rods to beams, (5) placed pipes into clamps, and (6) raised pipes and bolted 

clamps to hanger rods. Figure 22 shows a typical hanger rod and clamp used for pipe 

installation. 

 

Figure 22: Pipe Clamp and Hanger Rod  

After setting up pipes, the workers needed to install pipe insulation. To do this, 

they would need to lower down the clamps, put insulation material around pipes, and 

send the clamps back to their original locations (Figure 23).  
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Figure 23: Installing Pipe Insulation 

This process was time consuming and required significant labor hours. As for 

many other trades, lack of skilled labor had been a big challenge for Westbrook. They 

had to find a solution to maximize utilization of their limited manpower.  

4.4.2 – Original Pipe Design and Installation 

Process 

On the OUC project, the original pipe design and installation process was as follows: 

(1) Peninsula developed the MEP design and sent the design documents to Westbrook 

for developing shop drawings. (2) After completion Westbrook would send shop 

drawings back to Peninsula for check and approval. (3) Once Peninsula approved the 

drawings Westbrook would send them to Addison for fabrication. (4) Addison then 

fabricated and delivered pipes to the job site. (5) After the steel contractor put up 

steel, Westbrook began installing pipes and insulation – the time–consuming process 

as described in the previous section. The process map (Figure 24) demonstrates work 

flows of this process.  
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4.4.3 – Problems of the Original Process 

At that time Westbrook already realized the problems that made the process 

inefficient. First, the traditional design process between Peninsula and Westbrook 

required considerable communication and documentation delivery. The back–and–

forth process was time–consuming. Second, Peninsula used to develop design by 

using a 2–D program that could cause pipe conflicts sometimes. If the engineer could 

not spot the errors (i.e., pipe conflicts), they would cause field confusion later and 

delay the installation process. Third, the workers needed to add beams in the field to 

support pipes if there were no present beams to use. This called for much labor and 

time. Fourth and last, as described earlier, pipe installation process was time–

consuming and inefficient.   

Recognizing the problems, Westbrook had to find a way to make the process 

more efficient. 

4.4.4 – Working Out an Innovative Solution  

During a regular IPD team meeting, Clay Harem, the mechanical project manager 

from Westbrook, brought forward an innovative idea, “Can we ask Addison to 

prefabricate pipe hangers in the shop?” His plan was to switch the time–consuming 

field work into the workshop. If Addison could prefabricate hanger rods and attach 

weldments onto pipes and steel beams, the field workers would be able to install 

pipes more easily and efficiently. The benefits of doing so were clear. The off–site 

prefabrication would allow Westbrook to maximize its limited manpower resources 

and reduce cost and schedule as well.  
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Figure 24: Work Flows of the Original Pipe Design and Installation Process  
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The new idea was a breakthrough for the team because it would remove the major 

headaches of pipe installation. It sparked further discussions on how to optimize the 

whole process. The team members then proposed to do the following. (1) To reduce 

the back–and–forth work between Peninsula and Westbrook, Peninsula could send its 

engineer to work with an experienced expert from Westbrook. This increased 

engineering cost at first but saved cost downstream – Westbrook did not have to 

develop shop drawings because the engineering drawings would be sufficient for 

shop fabrication. (2) To eliminate pipe conflicts, Peninsula and Westbrook could use 

a 3–D modeling system for design and detailing. This would provide highly accurate 

information (e.g., lengths) of pipes and hanger rods, which was required for off–site 

prefabrication. (3) To avoid adding support beams in the field, the team discussed 

with Walter to see if the structural engineer could design and show all support beams 

on the structural drawings. Since there was little impact on the structural design, 

Walter agreed to do it, but they would need Westbrook to provide beam locations and 

loads. (4) To reduce field installation work, the team asked if Addison could 

prefabricate hanger rods and attach weldments to pipes and steel beams. The team 

would pay Addison for the extra work. Addison agreed to do it but they would need 

more detailed information from Westbrook. To keep a low inventory on the site, the 

team also asked Addison to deliver the product on a just–in–time (JIT) basis. (5) To 

further reduce cost, the team negotiated with the steel erector for sharing the cranes 

for pipe installation before he put on the roof deck. Initially, the steel erector was 

reluctant because he would need the roof deck to keep the building square. If the job 

was interrupted, he would also need to pay his crew the remobilization cost. But he 
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ultimately agreed to do it as the IPD team would compensate him for the incurred 

cost. From the team’s perspective, although it cost a little more, it would save more 

money in the long run by being able to utilize more powerful cranes.   

4.4.5 – Implementation and Outcomes 

Peninsula sent its engineer to work with an experienced expert from Westbrook. By 

employing a 3–D modeling system, the engineer developed the MEP design and 

design drawings. Westbrook did not develop shop drawings in this case because the 

design drawings were sufficient for shop fabrication. This not only eliminated the 

back–and–forth work between Peninsula and Westbrook but also provided every 

detail of equipment, pipes, and hanger rods (Figure 25).  

 

Figure 25: Employing 3–D Modeling for Design (Matthews & Howell 2005) 

With pipe locations and loads from Westbrook, Walter revised the structural 

design by adding pipe support beams. In Figure 26, the red points represent locations 

of pipe hangers.  
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Figure 26: Adding Pipe Support Beams (Matthews & Howell 2005) 

In the workshop, Addison prefabricated hanger rods with exact lengths. Its 

workers attached weldments onto steel beams and pipes at the required locations 

(Figure 27). 

 

Figure 27: Attaching Weldments onto Pipes (Clay 2006) 

The steel erector held off decking after steel erection. To keep the building square 

he used some diagonal cables instead.  

Meanwhile, Addison delivered pipes and hanger rods to the job site “just–in–time 

(JIT).” JIT is a lean technique created by Taiichi Ohno for Toyota production system 

(TPS). JIT was to achieve the ideal automobile assembly process by having each 

workstation acquire the required materials from upstream workstations precisely as 
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needed (Ohno 1988). Outside of the automobile industry – in a supermarket, for 

example – JIT can be understood as “customers get what is needed, at the time 

needed, and in the amount needed” (Hopp and Spearman 2001). 

The field workers then began attaching hanger rods to beam weldments (Figure 

28). Off–site prefabrication eliminated the original time–consuming installation 

process. All they needed to do was to bolt hanger rods to beam weldments. The team 

was amazed to see the workers were able to complete the installation of hanger rods 

in a single day.  

 

Figure 28: Installing Hanger Rods in a Single Day (Clay 2006) 

Westbrook then used the steel erector’s cranes to hoist pipes and equipment to the 

right locations (Figure 29). The cranes were so powerful that they saved the team a lot 

of time. The whole installation process only took the workers ten calendar days. 

Everything fit perfectly. 
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Figure 29: Installing Pipes and Equipment by Using Powerful Cranes (Clay 2006) 

After Westbrook finished pipe and equipment installation, the steel erector came 

back and put on the roof deck (Figure 30).  

 

Figure 30: Putting on Roof Deck 

 (Clay 2006)  

 

Figure 31: Installing Pipe Insulation  

Finally, the workers went on with pipe insulation (Figure 31). Since 

prefabrication eliminated traditional clamps, they could directly wrap insulation 

materials around pipes. The new process reduced considerable labor and time.  

The process map (Figure 32) demonstrates work flows of the innovative pipe 

design and installation process. 
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Figure 32: Work Flows of the Innovative Pipe Design and Installation Process  
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4.4.6 – Findings 

The original pipe design and installation process exposed two major problems: (1) 

redundant work between Peninsula and Westbrook (Figure 24), and (2) time–

consuming and inefficient field installation.  

In contrast, the innovative process indicates how these problems could be 

addressed. First, Westbrook and Peninsula eliminated design waste by working 

together. This made a lot of sense because “as high as 50% of design time is spent on 

needless iteration that can be eliminated without value loss” (Ballard 2000a). Second, 

Westbrook figured out an efficient way to resolve their limited manpower problem by 

implementing off–site prefabrication to lower cost, improve productivity and quality, 

and reduce safety risks (Pasquire et al. 2004).  Third and last, the innovation also 

demonstrated how team members used all means to reduce cost and schedule. For 

example, the team improved efficiency of pipe and equipment installation by using 

the powerful cranes from the steel erector. 

The process map (Figure 32) demonstrates considerable collaboration between the 

involved parties. Again, this should be attributed to relational relationships within 

IPD. On the one hand, relational relationships fostered full collaboration and ensured 

the realization of the innovation. On the other hand, all the PTMs benefited from the 

outcomes of the innovation, which strengthened relational relationships.  
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4.5 – Innovation C: Managing the Structural 

Design for Global Optimization 

4.5.1– Original Structural Design Process 

In the OUC project, the original structural design process was as follows. (1) Walter 

developed a preliminary structural design and then sent the steel layout plan to 

Peninsula. (2) Peninsula developed the MEP schematic design first. Then Peninsula 

and Westbrook worked together to optimize the mechanical arrangement such as 

equipment location and pipe routing. Usually they should accommodate the 

arrangement to the structural layout plan. If some equipment required structural 

support, they also needed to send the load information to Walter. (3) With the load 

information, Walter would revise the structural design and develop shop drawings. 

(4) Walter then sent shop drawings to Addison for steel fabrication. (5) Addison 

ordered steel from a mill plant for shop fabrication. The process map below (Figure 

33) demonstrates work flows of this process. 

4.5.2 – Determination of the Column Spacing by 

Peninsula and Westbrook 

The OUC project was a mechanical and electrical intensive project. To provide the 

best product to the owner, Peninsula and Westbrook spent a lot of time optimizing the 

mechanical arrangement. Finally, they came up with a satisfactory plan. But when 

they tried to accommodate the arrangement to the steel layout plan, they found that 

one column stood in the way of a piece of equipment. That meant Peninsula and
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Figure 33: Work Flows of the Original Structural Design Process  
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Westbrook might need to revise the arrangement. This process would take them a lot 

of time and might delay the project schedule. It seemed easier if the structural 

engineer could revise the design by moving that column 18” (45.7 cm) off the grid 

line. Doing so would make sense for saving schedule. 

Peninsula and Westbrook then negotiated with Walter to see if its engineer could 

revise the structural design. For the structural engineer, it was not a big issue – this 

would require the redesign of several components, but the redesign could be managed 

easily. As a result, the structural engineer agreed to revise the design by setting the 

column 18” away from its original location (Figure 34). This simple adjustment 

helped the project schedule since Peninsula and Westbrook were able to maintain an 

optimal mechanical arrangement. 

 

Figure 34: Moving the Column 18” Away from the Original Location (Matthews & 

Howell 2005)  
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4.5.3 – Selection of Steel from the Mill Schedule 

During the structural design process, the engineer usually selects steel cross sections 

from standard steel tables according to design requirements (e.g., calculations). The 

engineer has much flexibility in the selection process – he can select any suitable 

cross sections. An interesting element of the OUC project was that the structural 

engineer selected steel cross sections from the mill schedule. 

In the beginning of 2004, the IPD team learned that steel price might go up soon. 

Realizing this could increase project cost, Westbrook talked with WELBRO about 

bringing a steel fabricator on board as early as possible. WELBRO ultimately 

selected Addison for steel fabrication. Knowing the project schedule, Addison had a 

concern about steel availability at the time it would be needed. Addison usually 

purchased steel from a mill plant which produced steel based on its mill schedule. If 

the cross sections ordered by a customer were not available in store, the plant would 

have to revise its schedule for production. That meant the customer would have to 

wait for some time to get the product. During a busy season this wait would be even 

longer. To avoid future uncertainty and risk, Addison suggested Walter select steel 

cross sections from the mill schedule. The suggestion made sense to the IPD team 

because it would reduce the potential risks of steel availability and ensure the project 

target schedule. With the help of Addison the mill plant forwarded its mill schedule to 

Walter for steel selection.  

The process map (Figure 35) demonstrates work flows in the innovative design 

process. 



72 

Suggest 

select steel 

from mill 

schedule

Request 

mill 

schedule

Forward 

mill 

schedule

Develop 

schematic 

design 

Optimize 

mechanical 

arrangement 

and find one 

column 

interfered 

with 

equipment

Develop and 

send 

structural 

layout plan

Develop shop 

drawings

Place steel 

order

Deliver steel

Relational relationship

Contractual relationship

IPD PTM

Flow of product

Buffer

Non-PTM
Off site 

process

Revise design 

and select steel  

from mill 

schedule

Us 3D-

modeling, to 

develop 

design and 

shop 

drawings

Negotiation 

and 

problem 

solving: set 

back the 

column 18" 

away from 

the original 

location

Concern 

about steel  

availability

 

Figure 35: Work Flows of the Innovative Structural Design Process  
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4.5.4 – Findings 

The process map (Figure 33) indicates that although there was some interaction 

between Walter and Peninsula and Westbrook, it was a passive one, driven by a 

normal design process. The original structural design process exposed the project to 

two potential problems: (1) the traditional lead role of architect/engineer in the design 

process required other disciplines to accommodate their design to the 

architectural/structural design. In this case, Peninsula and Westbrook would have to 

revise the mechanical arrangement to the structural layout plan. This would not be an 

efficient way for a mechanical–driven project, and (2) the uncertainty of steel 

availability could put the project to the potential risks of increased cost and prolonged 

schedule.  

In contrast, the innovation improved the design process by managing the 

structural design for global optimization. First, the IPD team determined the lead 

position by the nature of the project. As a result, Westbrook took the lead role for this 

mechanical–driven project. The nature of the OUC project indicated that the 

mechanical design had a priority to that of other disciplines. When design conflicts 

occurred, it would make more sense for the structural engineer to revise the design. 

Second, the risk–sharing mechanism allowed the IPD team to manage risks jointly. In 

this case, the team’s concern of project cost (i.e., increasing steel price) led to an early 

involvement of Addison. It was Addison’s concern about steel availability that let the 

team realize the potential risks to the project. This finally led to the team’s decision of 

using the mill schedule for steel selection. The process indicates that IPD is able to 
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manage risks jointly to overcome the unpredictable risks (Rahman and 

Kumaraswamy 2004). Third and last, the innovation again indicated the role of 

relational relationships that resulted in proactive interaction between the involved 

parties (Figure 35). Without relational relationships the team could never realize the 

innovation. 

4.6 – Innovation D: Matching Actual Equipment 

and Pipe Color with 3D Model Color 

4.6.1 – Inspiration 

As described before, Peninsula and Westbrook used a 3–D modeling system for the 

MEP design and detailing. To distinguish the different functions of these components, 

the designers put them in different colors. Each color represents a function (Figure 

36). For example, red stands for hot water and blue represents cold water.  

 

Figure 36: Using 3–D Modeling for MEP Design (Matthews & Howell 2005) 

Inspired by the visual effect of the modeling, Westbrook managers came up with 

an innovative idea: “Can we make the actual equipment and pipes the same colors as 



75 

they appear in the 3D modeling?” Doing so, it would achieve several benefits: (1) 

increase the transparency for future maintenance, (2) provide a nice aesthetic for the 

internal environment, and (3) produce a state–of–the–art product for the customer. 

The innovation would add a big value to the final product but cost almost nothing: 

some paint only. For those pipes that needed to be insulated, the team could order the 

insulation material with different colors. Finally, the team decided to do it.  

4.6.2 – Implementation  

After the equipment and pipes were all set, the field workers began wrapping the 

insulation materials around pipes. They also painted some equipment and pipes in 

different colors (Figure 37). 

        

Figure 37: Painting and Insulating Equipment and Pipes in Colors 

The completed plant demonstrates a high quality product: beautiful, clean and 

transparent (Figure 38). 
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Figure 38: Demonstrating a Sound Quality of the Final Product  

(Matthews &Howell 2005) 

4.6.3 – Findings 

Many industrial plants are characterized by a visually unappealing environment: grey 

equipment, wires randomly crossing overhead, abandoned tools everywhere, etc. 

Such a working environment can adversely affect worker productivity (Hauck et al. 

2004). 

Unlike the other three innovations on the project, this one did not call for much 

collaboration between the team members. It resulted from a small idea but resulted in 

considerable added value to the final product. This innovation embodied the 

underlying motivation of the IPD team: not only provide the customers the product 

they want, but also to provide the best product with added value.  
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4.7 – Case Study Conclusions 

By investigating the OUC project, this chapter provided practitioners a concrete 

example on how IPD overcame hurdles (e.g., scheduling restraints) through 

innovations and finally achieved outstanding project outcomes. The investigation of 

four innovations further provided some insight into IPD practice.  

Innovation A demonstrated three primary advantages of IPD. (1) IPD encourages 

the PTMs to provide their best ideas to improve overall project delivery and not the 

discrete pieces of work. (2) Relational relationships between the PTMs foster a full 

collaboration and teamwork, which ensure the realization of innovation. (3) The 

reward–sharing mechanism further underpins relational relationships.  

Innovation B identified how the IPD team minimized waste in the design and 

construction process. (1) To eliminate waste (i.e., needless design iteration) in the 

design process, an engineer from Peninsula and an expert from Westbrook worked 

together to develop MEP design and shop drawings. (2) To eliminate waste (i.e., 

time–consuming field installation) in the construction process, Westbrook 

implemented off–site prefabrication to improve the efficiency of field work. The 

innovation also demonstrated how team members used all means to reduce cost and 

schedule. For example, the team expedited the pipe and equipment installation 

process by using powerful cranes from the steel erector. 

Innovation C indicated that IPD is able to manage the individual design (e.g., 

structural design) for global optimization. (1) The IPD team determined the lead 

position by the nature of the project. In the OUC project, Westbrook took the lead 

role due to its mechanical–driven nature. When design conflicts occurred, it would 
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make more sense for the structural engineer to revise the design. (2) The risk–sharing 

mechanism allowed the IPD team to manage risks jointly. In this case, selecting steel 

from the mill schedule reduced the potential risks to the project, such as steel 

availability and the target schedule. (3) The innovation again indicated the role of 

relational relationships that ensured the realization of the innovation. 

Innovation D resulted from a small idea but resulted in considerable added value 

to the final product. The innovation embodied the underlying motivation of the IPD 

team: not only to provide the customers the product they want, but also to provide the 

best product with added value.  

In closing, this investigation revealed that relational relationships (as opposed to 

transactional relationships) provide the foundation for IPD, which triggers true 

collaboration and teamwork between all team members. Without relational 

relationships, the IPD team would likely be unable to develop the innovations that 

emerged on the OUC project. This was a point that interviewees consistently 

mentioned during the site interviews. Thus, the OUC project provides practitioners a 

detailed example of how IPD fosters construction innovation and improves overall 

project performance. 
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CHAPTER 5 – DATA ANALYSIS OF THE CASE 

STUDY 

5.1 – Objectives 

As mentioned in Chapter 3, the IPD team spent considerable time developing the IPD 

concept, educating team members, and developing methods for continuous 

improvement. The IPD team regarded the investment of time as a non–monetary one. 

This is inaccurate because the invested time called for considerable design hours 

which consequently resulted in design cost. Ignorance of this amount of cost might 

mislead practitioners into an underestimated project budget and profit. Thus, it would 

make sense to quantify such time–based investment in terms of cost so that 

practitioners can take into account if they want to copy and implement IPD into 

practice. Although it is difficult to precisely quantify the invested time and, in turn, 

the cost to the project, it is possible to develop a preliminary methodology to begin 

quantifying the related variables. Such a quantitative effort for this case study serves 

to provide additional insight for practitioners as to the actual costs of implementing 

IPD (Meredith 1998). 

 5.2 – Data Collection and Analysis 

The OUC project data were sent by Owen Matthews, the CEO of Westbrook and the 

IPD manager of the OUC project. The data include meeting minutes and e-mails 

which addressed issues the IPD team was concerned about throughout the project 



80 

process. It is easy to understand that the project participants spent a lot of time 

discussing and solving problems by attending meetings and communicating with e-

mails. It is reasonable to regard this amount of time as a part of the investment of time 

on IPD. However, there is no direct relationship between the two variables, events 

(e.g., e-mails) and cost. To build a relationship between these two variables, the 

quantitative methodology needs to introduce another important variable, event 

occurrence, which indicates when an event happens and what happens. This concept 

makes it possible to record all event occurrences throughout the project process. 

Based on the original meeting minutes and e-mails the research developed some 

tables (e.g., Table 3) to demonstrate all occurrences of meeting attendance, sent and 

received e-mails with time. For example, one e-mail sent to 10 recipients would be 

counted as “1” for “E-mails Sent” and “10” for “E-mails Received. Thus, in 

December, 9 emails were sent to 116 recipients, with an average of about 13 unique 

recipients (116/9 = 12.9). By using the counting function of the Excel, the research 

then obtained the cumulative number of event occurrence (e.g., meeting attendance), 

on a daily and monthly bases. The research further developed a histogram (Figure 39) 

to demonstrate the cumulative number of meeting attendance, sent and received e-

mails with time (i.e., month). 

Then the research quantified the time, in terms of design hours, spent attending 

meetings, writing and responding to e-mails. To simplify the process, the research 

assumes an average of one hour for attending a meeting, 30 minutes for writing an e-

mail, and 15 minutes for reading and responding to questions mentioned in a received 

e-mail. For example, the design hours, for one meeting attendance, two sent e-mails 
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and four received e-mails equal to (1)*(1) + (2)*(1/2) + (4)*(1/4) = 3 design hours. 

Future research can help refine this rough calculation of time spent attending 

meetings and processing e-mails. The histogram in Figure 40 demonstrates the 

cumulative design hours on the OUC project that resulted from meeting attendance 

and email communication on a monthly basis. 
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Figure 39: Cumulative Number of Meeting Attendance, Sent and Received E-mails 
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Figure 40: Cumulative Design Hours from Meeting Attendance and E-mails 
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Finally, the research quantified the cumulative design cost throughout the project 

development process by assuming a design fee of $100 per hour. Thus, Figure 41 

demonstrates the cumulative design cost with respect to time.  
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Figure 41: Cumulative Design Cost from Meeting Attendance and E-mails 

Thus, the total theoretical cost of design for the client amounts to $31,125. 

Assuming this is a conservative estimate of the design fee, even tripling the 

theoretical cost of design results in only about $100,000, which is still a very small 

percentage of the overall project value of $6 million. Therefore, with limited 

investment and by shifting the cost associated with resolving RFIs late in the project 

(i.e., during construction) to the design phase, project participants are more capable of 

developing a better design that successfully integrates product design with process 

design.
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5.3 – Conclusion 

Although the IPD team spent considerable time developing the OUC project, they 

regarded their investment of time as a non–monetary one. However, this statement 

might mislead practitioners into underestimating the time (and thus, costs) required to 

achieve IPD. By analyzing available OUC project data, this chapter begins to develop 

a preliminary methodology to quantify the invested time, (and thus, associated costs) 

required for design development of a project that employs IPD.  



84 

CHAPTER 6 – CONCLUSIONS 

6.1 – Contributions to Knowledge 

This research investigates how IPD achieves relational contracting through traditional 

project management methods. By investigating the case study of the OUC project, the 

research further explored how IPD fostered construction innovation and improved 

overall project delivery. Based on the research methodology, concept and 

terminology, hypotheses, objectives, and questions outlined in Chapter 1, this 

research makes several contributions to knowledge. 

6.1.1 – Clarification of Relational Contracting 

To address the research question, “What is relational contracting and how has it been 

implemented in the AEC industry?”, the research reviewed previous research on 

relational contracting and issues around it. Previous research addressed the following 

respects. 

First, previous research reviewed problems in today’s AEC industry, such as the 

deficiencies of prevalent construction theory (Koskela and Vrijhoef 2000). To change 

the situations the AEC industry needs to embrace an explicit theory of production and 

innovative project delivery approaches.  

Second, previous research described the concept (e.g., Macneil 1978 and 1987), 

characteristics (e.g., Cheung et al. 2006), and value of relational contracting (e.g., 

Colledge 2005). The characteristics of relational contracting can increase the level of 

trust and partnership between project participants and result in project benefits (e.g., 
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enhancing financial returns) and value beyond the project (e.g., long–term 

relationship).  

Third and last, previous research presented several relational contracting models 

including project alliances (Ross 2003 and Sakal 2005), the Sutter Health building 

program (Lichtig 2005), and prime contracting (Pryke 2006). Previous research also 

described some techniques for refining relational contracting such as providing 

selection criteria for alliance partners (Hauck et al. 2004) and outlining alternative 

dispute–resolution methods (Koolwijk 2006).  

Thus, through the literature review, the research clarified the concept of relational 

contracting and identified how it has been implemented recently in the AEC industry. 

6.1.2 – Introduction of IPD 

To address the research question, “What is IPD?”, the research described the 

background, concept, and formats of IPD. IPD is a relational contracting approach 

created by a group of professionals and contractors for achieving better project 

delivery.  

Matthews and Howell (2005) defined IPD as a relational contracting approach 

that “employs both transactional and relational contracting approaches to align the 

interests of all the primary team members in such a way that the team members can 

be integrated for optimal project performance”. 

There are two types of IPD: IPD process and IPD, Inc. The IPD team can deliver 

a project through either format, which means the same to the PTMs. But these two 

formats provide the owner the flexibility in developing the prime contract.  
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6.1.3 – Development of Traditional Project 

Management Methods to Achieve Relational 

Contracting 

To confirm the research hypothesis, “Project practitioners can achieve relational 

contracting through traditional project management methods.”, and address the 

research question, “Is IPD transferable to other projects?”, the research first 

described the principles and techniques employed by IPD to achieve relational 

contracting.  

• Two primary principles. Externally all the PTMs are responsible for the 

provisions of the prime contract with the client. This principle aligns the 

interests of all the PTMs into a common goal. Internally IPD uses a one–

page–only agreement to bind all the PTMs completely and equally to the 

prime contract. The use of partnering agreement builds up relational 

relationships between the PTMs. 

• Selection of PTMs. Hauck et al. (2004) outlined twelve criteria for selecting a 

competent alliance partner. IPD management usually focuses on two primary 

issues in evaluating and selecting a qualified PTM. One issue is that the 

candidate should be trustworthy. The management can evaluate this through 

both objective and subjective ways. The other issue is that the candidate 

should be like–minded with the rest of the team. He should be willing to 

spend extra time on IPD projects even if he is not well compensated for that 

time. Effective relational relationships require the PTMs to be accountable to 

each other. Thus, the selection of the PTMs should be cautious and careful. 
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• Determination of the lead position. The IPD team determines early on who 

will lead the project delivery process depending on the nature of the project. If 

a project is mechanically intensive, it would make sense for the mechanical 

contractor to take the lead role. The determination of the lead position 

provides two advantages. (1) It offers project management with the help of 

that PTM’s professional expertise and experience. (2) It provides one entity to 

deal with the external administrative issues (e.g., communication with client). 

•  Development of the compensation structure. Ross (2003) described a 3–limb, 

open–book compensation model used in PA. The model includes a 

predetermined gain/pain share arrangements for profit distribution. The IPD 

team establishes their compensation approach with an open book accounting. 

This approach uses a predetermined formula to distribute profit to the PTMs at 

the end of the project. The formula categorizes and weights all the costs into 

four departments: labor, material and rental, equipment, and subcontractors. 

Labor has the biggest weight. Material and rental, equipment, and 

subcontractors take the second, third, and fourth positions respectively. The 

use of formula drives the team members to: (1) maximize the total profit by all 

means, and (2) do the jobs himself rather than subcontract them out.  

• Implementation of the off–site prefabrication. The lack of skilled labor was a 

big challenge for the IPD team. To find a solution to maximize utilization of 

their limited manpower, the IPD team addressed off–site prefabrication. In the 

beginning, the field workers were resistant to embrace the new idea since they 

were used to doing everything in the field. But the IPD management forced 
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the workers to do it because they had seen some of their competitors have a 

lot of success using it. After seeing the benefits resulting from off–site 

prefabrication, the workers finally embraced the idea.  

• Continuous improvement through learning. An increasing short supply of 

manpower forced the IPD team in the direction of ‘lean’. At that time the IPD 

team did not know much about ‘lean’. Initially, Westbrook CEO Owen 

Matthews educated himself on ‘lean’ and held in–house classes to train the 

rest of the team members. Later on the IPD team tried to utilize ‘lean’ 

whenever and wherever they can. ‘Lean’ allows the IPD team to maximize its 

most limited resource – people. It also provides the team opportunities to 

improve project outcomes in terms of quality (i.e., quality of the product) and 

efficiency (i.e., production efficiency). 

By employing these principles and techniques, IPD was able to achieve relational 

contracting on the OUC project. The research further pointed out that IPD is 

transferable to other projects because of its validity, simplicity, and limited financial 

investment. Thus, IPD provides another relational contracting option for practitioners 

who are seeking a better way of doing business. 

6.1.4 – Identification of Outcomes 

Addressing the research question, “What outcomes has IPD achieved?”, the research 

identified outcomes resulting from IPD.  

First, IPD encourages the PTMs to provide their best ideas early in the design 

phase. These ideas often lead to innovations resulting in cost and schedule savings.  

Second, IPD realizes global optimization. Relational relationships facilitate a full 



89 

collaboration between the PTMs, which helps realize global optimization by reducing 

waste during the design and construction phases. In contrast, the rigidity of traditional 

contracting approaches drives project participants to focus on discrete pieces 

(Koskela and Vrijhoef 2000) and self–interest only, which does no good for overall 

performance (Macneil 1978 and 1987). 

Third and last, IPD relieves the PTM’s individual pressure. Since the PTMs share 

total risks, they are all responsible for the provisions in the prime contract. If one 

makes a mistake, all the PTMs share that cost. Thus, when one PTM encounters a 

problem, all others will give him a hand rather than stand by.  

6.1.5 – Clarification of ‘Return on Investment’ 

To address the research question, “What has been the return on investment?”, the 

research theoretically calculated the design cost associated with meeting attendance 

and e-mail processing to be $31,125. Assuming that such a value was conservative, 

tripling the estimate yields an approximate value of $100,000, which is still a small 

percentage of the overall project cost of $6 million. Future research may yield 

additional design costs that are not associated with meeting attendance and e-mail 

processing (e.g., individual efforts in work structuring, performing design 

calculations, and consulting material vendors). Then, by comparing (1) such 

additional design costs combined with the theoretical cost of $100,000 associated 

with meeting attendance and e-mail processing to (2) the IPD savings against the 

GMP of $600,000 on the OUC project, research will be able to begin providing more 

insight into the actual return on investment. 

Until then, practitioners have a limited understanding of the actual return on 
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investment on IPD projects. For example, on the OUC project, the IPD team stated 

that the only investment on the IPD process was time – i.e., there was no monetary 

investment. Instead, they focused on how the PTMs spent time in training, developing 

a background in ‘lean’ principles, and creating the IPD approach. As a result, the IPD 

team on the OUC project felt that being on an IPD project required a continuous 

investment of time by company executives that cannot be directly recovered in job 

costs. Rather, the IPD team believed that the investment of time could only yield the 

benefits of obtaining new clients and projects. 

6.1.6 – Identification of Lessons Learned 

Addressing the research question, “What has the IPD team learned from their 

implementation?”, the research identified the following issues. First, the selection of 

GC should be handled very carefully since it is difficult for a GC to get used to his 

role with IPD. For example, the initial GC that the IPD team began with was not used 

to his new role with IPD and kept doing things as he would do them on a regular DB 

project. 

Second, ‘lean’ is not a solution to all problems. For example, the LPS is not 

applicable for all projects, and should be applied case by case. Projects not subjecting 

to a lot of changes are not suitable to use the LPS. It is necessary to evaluate each 

project in terms of its potential for changes before deciding whether or not to use the 

LPS. 

Third, it was tough to sell ‘lean’ to everybody, especially those who are 

unfamiliar with it. Many GCs knew little about the LPS and the LRM, so they were 

suspicious. It was difficult for them to understand and accept those concepts.  
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Fourth and last, IPD works but it needs a better marketing. For the IPD team, their 

goal is to achieve 100% IPD. They need someone who can market effectively and 

reach the decision–makers. The team is looking for clients who are seeking a better 

way of doing business. 

6.1.7 – Investigation on How IPD Fosters 

Construction Innovation and Improves Overall 

Project Performance 

By investigating the case study of the OUC project, the research confirmed the 

research hypothesis, “IPD is able to foster construction innovation and improve 

overall project performance.” The OUC project provided practitioners a concrete 

example on how IPD overcame hurdles (e.g., scheduling restraints) through 

innovations and finally achieved outstanding project outcomes. The investigation of 

four innovations provided some insight into the research hypothesis.  

Innovation A demonstrated three primary advantages of IPD. (1) IPD encourages 

the PTMs to provide their best ideas to improve overall project delivery and not the 

discrete pieces of work. In this case, without Territo’s proposal, the innovation could 

never have happened. (2) Relational relationships between the PTMs foster a full 

collaboration and teamwork. Innovative ideas do not necessarily result in innovations 

as the realization of innovation requires considerable collaboration and teamwork. 

This can only happen under the relational environment. (3) The reward–sharing 

mechanism further underpins relational relationships. The compensation structure of 

IPD offers an incentive for team members to maximize the total profit. The more total 

profit they gain the more individual profit each PTM earns. This drives all the PTMs 
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to work collaboratively and efficiently to maximize the total profit.  

Innovation B identified how the IPD team minimized waste in the design and 

construction process. (1) To eliminate waste (i.e., redundant work) in the design 

process, an engineer from Peninsula and an expert from Westbrook worked together 

to develop MEP design and shop drawings. This improved the design process by 

eliminating needless design iteration (Ballard 2000a). (2) To eliminate waste (i.e., 

time–consuming field installation) in the construction process, Westbrook 

implemented off–site prefabrication to improve efficiency of field work. This helped 

the team lower cost, improve product quality, and reduce safety risks (Pasquire et al. 

2004). The innovation also demonstrated how team members used all means to 

reduce cost and schedule. For example, the team expedited the pipe and equipment 

installation process by using powerful cranes from the steel erector. 

Innovation C indicated that IPD is able to manage the individual design (e.g., 

structural design) for global optimization. (1) The lead position on an IPD project 

depends on the nature of the project. For this reason, when a project is intensive on a 

specified discipline, that discipline would have a priority to the others. Then it would 

make sense to accommodate other disciplines with the lead discipline for global 

optimization. (2) The risk–sharing mechanism allows the IPD team to manage risks 

jointly. This supports global optimization by reducing the potential unpredictable 

risks. In this case, selecting steel from the mill schedule reduced the potential risks of 

steel availability and project schedule. (3) The process again indicated the role of 

relational relationships that ensured the realization of the innovation. 

Innovation D resulted from a small idea. Unlike the other three innovations, this 
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one did not involve much collaboration and teamwork but it resulted in considerable 

added value to the final product. The innovation embodied the underlying motivation 

of the IPD team: not only to provide the customers the product they want, but also to 

provide the best product with added value.  

In all, the investigation of the OUC project helps practitioners understand how 

IPD fosters construction innovation and improves overall project performance. 

6.1.8 – Visualization of Innovation Process 

Focusing on description only might be insufficient for practitioners to fully 

understand the innovation process. To provide a better understanding, the research 

developed process maps to visualize the innovation process. The process maps 

provided the following benefits: (1) describing work flows and handoffs between the 

involved parties, (2) demonstrating deficiencies in the delivery process (e.g., lack of 

interaction), and (3) providing a clear view of the collaboration process (i.e., 

proactive interaction) between the involved parties (e.g., Figure 21). In addition, the 

research used many pictures (e.g., Figure 15) to illustrate how the team members 

implemented those innovations. The use of process maps and pictures helps 

practitioners fully understand the innovation process.  

6.2 – Deficiencies of IPD 

The previous sections basically addressed the advantages of IPD on how it improves 

overall project delivery process and outcomes. IPD also has some deficiencies. This 

section intends to explore the deficiencies so that practitioners can have a better 
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understanding of IPD.  

First, the IPD compensation structure does not provide an incentive mechanism 

for the customer to share risks/rewards with the PTMs. The customer always plays an 

essential role during the project delivery process in developing project requirements 

and plans, providing financial support, supervising project progress, foreseeing future 

changes, and so on. A poorly planned and organized project could result in frequent 

change orders and redesign process, which would prolong schedule and inflate 

budget. The IPD team regards that IPD has the potential to absorb uncertainties 

without causing extra cost to the customer. However, the team ignores the fact that 

their operations would actually erode the profit since they usually do that (e.g., 

redesign) for free. Therefore, it would make sense if the customer also takes on 

certain commitment to the project. For example, on some PA projects, the customer, 

along with all alliancing parties, participated in the pain/gain sharing arrangement 

(Ross 2003). This helped all parties including the customer make unanimous 

decisions, optimize the overall delivery process, and achieve a win–win outcome in 

the end.  

Second, the statement by the IPD team of “the only investment for the IPD team 

was time – there was no monetary investment” is inaccurate, which might mislead 

practitioners into ignoring the potential cost from the time investment. As mentioned 

before, the IPD PTMs have not been compensated for the considerable time spent 

developing and improving IPD. If the IPD team increases the price, the customer may 

have some hesitation to buy IPD. For the team, it is more important to bring in more 

projects and new customers. Therefore, they are willing to spend extra time on IPD 
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even without being compensated, which they called “self–sacrifice”. However, it is a 

different case for practitioners who want to copy and implement IPD into practice. 

Although time is not a direct monetary investment, it actually involves considerable 

design hours which consequently result in design cost. If practitioners have not 

positioned themselves to this type of “self–sacrifice”, they probably need to consider 

the potential cost from time investment to avoid an underestimated budget and profit.  

Third, IPD lacks a top–down implementation of ‘lean’. The IPD team has 

addressed a lot of time and effort in implementing ‘lean’ principles (e.g., LPS) and 

techniques (e.g., JIT) on IPD projects. However, reluctance and resistance from GCs 

have limited the team to implement ‘lean’ to a broad spectrum. This consequently has 

limited the team to improve IPD to a higher level. The IPD team may change the 

situation by forcing a top–down implementation of ‘lean’, including providing top 

management support, educating and training project participants with lean concept. 

For example, Lichtig (2005) described the Sutter Health building program, which 

employs a typical top–down implementation of ‘lean’ for healthcare and hospital 

projects. Assisted by Lean Project Consulting, Inc., the Sutter Health executive 

management team first created the “Five Big Ideas” which forms the framework of 

lean project delivery. Then all project participants received an introduction and 

training of lean concept and principles. Later on the project teams implemented the 

LPS on five different projects. As a result, by implementing the “Five Big Ideas” and 

lean principles, Sutter Health has achieved the goal of successful risk mitigation, 

reliable project delivery, and sound financial maintenance.  

Fourth and last, IPD lacks a formalized process for PTM selection. IPD 
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management usually focuses on two primary issues in selecting a qualified PTM: (1) 

the candidate should be trustworthy, and (2) the candidate should be like–minded 

with the rest of the team. These two issues focus much on a subjective feeling which 

is insufficient to provide a step–by–step evaluation. The insufficient evaluation 

process could lead to an inappropriate decision making. For example, the initial GC 

that the IPD team began with could not share the same vision as the whole team. In 

comparison, Hauck et al. (2004) described a formalized selection process for a 

competent alliance partner in the NMA project. The owner representatives and the 

selected design team structured 12 criteria for the evaluation process. Candidates 

needed to demonstrate to be trustworthy, committed, and competent through 

proposals, interviews, and workshops. The criteria and the evaluation process 

ultimately resulted in a competent, creative, and collaborative team. Since the 

effectiveness of IPD mostly relies on the trust–based relationships between the PTMs, 

IPD requires them to be accountable to each other. Therefore, it would make sense if 

IPD formalizes its PTM selection process to ensure that the team only brings the 

competent candidate on board. 

By exploring the deficiencies of IPD, this section provided practitioners a 

different view of IPD. These deficiencies are not inherent – they can be overcome 

with further effort and refinement. 

6.3 – Steps of Implementing IPD 

The literature review in Chapter 2 identified a number of problems with current AEC 

practice. Embarking on IPD may provide one means for the AEC industry to begin 
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addressing these problems. However, many practitioners are reluctant to change 

because: (1) traditional project delivery systems still work and can be profitable, (2) 

old bad habits die hard, and (3) it would be painful to incorporate radical changes into 

practice. In others words, practitioners lack the motivation to change the way they 

have been doing simply because they do not foresee potential crisis ahead. The 

myopia of this issue makes it difficult for practitioners keep sustainable success in 

business.  

However, the Toyota Motor Corporation has provided a sound example on how to 

achieve sustainable success by developing an innovative production system (i.e., the 

Toyota Production System) to handle an uncertain future. By developing and 

continually refining its lean production system since the 1950s (Ohno 1988), Toyota 

has been consistently expanding its market share. In contrast, U.S. auto manufacturers 

have lagged behind as they struggle to manage the fluctuating demand from its 

customers.  

Similarly, in the AEC industry, practitioners who do not get prepare for 

uncertainties can hardly sustain success in business. To maintain long–term business 

success, they need to embrace innovative project delivery approaches. For 

practitioners who want to implement IPD to improve their business, this research 

suggests several general steps to start:  

(1) Conduct a self–inspection. By inspecting their current delivery approaches, 

practitioners should find out problems that prohibit them from delivering project 

effectively and efficiently.  

(2) Study the concept and characteristics of IPD. This learning process would 
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provide practitioners a general view of how IPD improves project delivery process by 

minimizing waste and maximizing value. 

(3) Recognize the deficiencies of IPD. IPD is far from perfect. Understanding its 

deficiencies would help practitioners refine and improve IPD to a higher level. For 

example, practitioners could refine IPD’s risk/reward sharing structure by involving 

the customer as well as other project participants. 

(4) Customize the IPD approach. Since projects vary in nature and size, PTMs 

should apply different elements of the IPD process (i.e., IPD principles and 

techniques) as appropriate to each project.  

(5) Train PTMs. Project participants need to develop a deep understanding of IPD 

and how it can be managed effectively.  

(6) Seek continuous improvement by looking at what has been achieved and what 

needs to be improved. Studying project successes and failures as well as associated 

lessons learned can help guide practitioners in adjusting their internal and external 

processes to improve overall project delivery. 

In particular, practitioners need to recognize the limits of traditional contracting 

practices, such as the lack of proactive interaction, and the inclination to focus on 

self–interests as opposed to overall project interests. In closing, Table 2 outlines how 

major project participants (i.e., owner, designers and contractors) should modify their 

practices at different project phases to help achieve IPD.  
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Table 2: How Major Project Participants Should Modify Their Practices to Achieve IPD 

Practitioners Before Project Kick– off Design Phase Construction Phase 

Owner 

Employ an effective project 
delivery approach 

Build an efficient management 
team 

Select competent project teams 

Create an encouraging and 
learning environment 

Provide training and education for 
project teams 

Implement top–down and bottom–
up management 

Provide management support for 
design teams 

Supervise design process 

Provide management support for 
construction teams 

Supervise construction process 

Designers 

Determine the lead position 

Get familiar with project 
requirements 

Develop schematic design 

Proactively interact with each other 
and contractors as well 

Incorporate contractors’ ideas 

Develop value engineering 

Optimize overall design 

Perform design development 

Provide support for field problem–
solving 

Contractors 

The prime contractor takes over all 
or part of the owner and designer’s 
behaviors if he signs the prime 
contract 

Bring contractors and suppliers on 
board 

Provide design team innovative 
ideas 

Develop efficient working methods 

Prepare construction documents 

Proactively interact with each other 
to perform construction work 

Employ innovative tools and 
techniques 

Share tools and manpower 
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6.4 – Future Research 

This research introduced and discussed IPD by addressing the issues including: (1) 

the concept and background of IPD, (2) two formats of IPD, (3) traditional project 

management methods to achieve relational contracting, (4) return on investment, (5) 

IPD outcomes, (6) lessons learned, and (7) transferability of IPD to others projects. 

The investigation of the OUC project further explored how IPD fostered construction 

innovation and improved overall project performance. Despite the issues that the 

research addressed, the research also exposed some inadequacies of IPD. To make a 

continuous refinement of IPD, follow–up research is needed. The next section 

presents some suggestions for future research. 

6.4.1 – Further Refinement of the Compensation 

Structure 

The compensation approach on the OUC project was unable to compensate the team 

members for their extra efforts during design development. On average, the PTMs 

spent 10% to 20% more time on an IPD project in comparison to a regular DB 

project. This time was spent on developing a background in ‘lean’ principles, 

developing the IPD approach, and meeting with other members for pre–planning. 

Thus, the OUC team members felt that being on an IPD project required a continuous 

investment of time that could not be easily recovered in direct job costs. 

However, there is no established method to compensate the PTMs at this time – 

the only monetary benefit that the PTMs gain from their compensation approach is 

cost savings. Future research should address the refinement of the compensation 
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structure so that it is able to compensate the PTMs for their extra time and effort on 

IPD projects. This would also make IPD more attractive to other practitioners. 

6.4.2 – Improvement of Marketing 

The local application of IPD limits its ability to be widely recognized and understood 

by most practitioners. Thus, the IPD team needs a better marketing strategy to 

achieve its goal of delivering 100% of their projects using the IPD approach. First, the 

IPD team could continue to tell their story about the OUC project through formal 

academic and industry meetings in an effort to reach out to new, potential clients. 

Second, the IPD team could sponsor informal breakfast meetings for targeted clients 

to educate them about the IPD approach. Customers do not ask for IPD because they 

are not aware of it, so such informal meetings can help bridge the gap in knowledge 

and enlighten new clients about the potential benefits of IPD.  

6.5 – Closing 

In the AEC industry, the rigidity of traditional contracting approaches (e.g., DBB) 

drives project participants to focus on discrete pieces (Koskela and Vrijhoef 2000) 

and self–interest only. This results in poor overall project performance (Macneil 1978 

and 1987). To improve project delivery, AEC researchers and practitioners have 

explored different project delivery methods such as DB and have achieved varying 

degrees of success. 

More recently, AEC researchers and practitioners have looked to relational 

contracting as a means to achieve better project delivery. By using relational 
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agreements, risk–and–reward sharing mechanisms, and lean principles and 

techniques, relational contracting fosters better collaboration between project 

participants by integrating all parties into a single team with common, shared 

incentives for project success. Recent projects that have used relational contracting 

have yielded higher levels of innovation, greater efficiencies in execution, and thus, 

better project outcomes in terms of schedule, cost, and quality. 

This research introduced and discussed how the IPD approach can help achieve 

relational contracting through traditional project management methods, thus 

providing practitioners yet another means to improve project delivery. Then, by 

exploring in detail the case study of the OUC project, this research further 

demonstrated how IPD can foster construction innovations and thus, improve overall 

project performance. 
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APPENDIX A: GUIDE TO ACRONYMS 

ADR  Alternative Dispute–Resolution 

AEC  Architecture–Engineering–Construction  

AIA  American Institute of Architects 

BP  British Petroleum 

CM  Construction Manager 

DB  Design–Build 

DBB  Design–Bid–Build 

DD  Design Development 

DDB  Downtown Development Board 

GC  General Contractor 

GMP  Guaranteed Maximum Price 

HHCP  Helman Hurley Charvat Peacock / Architects, Inc.  

IPD  Integrated Project Delivery  

JIT  Just–in–Time 

LPS  Last Planner System 

LRM  Last Responsible Moment 

MEP  Mechanical, Electrical and Plumbing 

NMA  National Museum of Australia 

OUC  Orlando Utilities Commission  

PA  Project Alliance  

PAB  Project Alliance Board 
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PC  Prime Contracting 

PTM  Primary Team Member 

PVC  Polyvinyl Chloride 

RFI  Request for Information 

SOG  Slab on Grade 

TPS  Toyota Production System 

VE  Value Engineering



110 

 

 

 

APPENDIX B 



111 

Table 4: Meetings and E-mails between Project Participants (12/03/2003 ~ 01/14/2004) 

Note: A – Meeting Attendance, S – Sent E-mail, R – Received E-mail. 
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Cont’d 
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Cont’d 
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Cont’d 

 



115 

Table 5: Meetings and E-mails between Project Participants (01/14/2004 ~ 02/19/2004) 

Note: A – Meeting Attendance, S – Sent E-mail, R – Received E-mail. 
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Cont’d 
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Cont’d 
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Cont’d 
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Table 6: Meetings and E-mails between Project Participants (02/20/2004 ~ 06/21/2004) 

Note: A – Meeting Attendance, S – Sent E-mail, R – Received E-mail. 
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Cont’d 
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