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for intent. The BIM model assists in creating 2-D or 3-D drawings needed for the 

fabricator and for review by the Architect/Engineer (AE) team.  BIM assists in making 

the shop drawing process concurrent with design, eliminating waste, and saving time and 

duplication of effort. 

6- Co-location of Teams  

Co-location increases opportunities for collaboration and innovation and helps in 

meeting project goals and commitments.  In DBB, co-location can involve the design and 

construction project participants, including trade contractors and suppliers. This can be 

achieved after the contract is awarded as the earliest involvement of all parties.  Both the 

owner and engineer can have a direct relationship with subcontractors during 

construction and during final design. In large public projects the owner can provide space 

on the construction site to allow for physical space for all parties onsite. 

7- Performance Evaluations  

Performance evaluation measures the positive project outcomes based on the 

resources invested.  Evaluation is useful to determining defects in a program and 

providing information necessary to improve the current performance.  Evaluation can 

help improve the project’s effectiveness and improve the program.  

8- Jointly Developed Project Target Criteria  

Carefully defining project performance criteria early in the design phase with the 

input, support, and acceptance of all project participants ensures that maximum attention 

will be paid to the project. The IPD team will establish a Target Cost and a Target Value 

design plan to focus on delivering value to the owner through the design process.  
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9- Mutual Respect and Trust  

A team culture based on risk sharing and trust is required to tie the parties together in 

order to have a successful project within the contractual relations.  For a successful IPD 

project, a level of trust needs to be developed among the parties so that the participants 

will not be taken advantage of during the project. Owners play a big role in aligning the 

goals appropriately to ensure project success by encouraging respect and trust.  In DBB, 

owners do not have the ability to select a team that will treat the owners fairly.  This can 

be sought after in a DBB project but cannot be guaranteed.  

10- Open Communication within the Project Team and Ability to Address Issues  

IPD promotes greater communication among all project participants. Essential team 

meetings and collaboration among parties help in opening venues for more 

communication. Nonetheless, there is still a need to document decisions taken in these 

meetings.  

A summary of the IPD principles, their applicability to treatment plant public 

projects, and those that are used in conjunction with DBB in the control projects is shown 

in Table 4-2. 

Table 4-2: Summary of IPD Principles Applicability to Public Projects 

 

IPD Principles 

Can be 

Implemented  

Require 

Modifications 

to be 

Implemented  

Cannot 

be 

Implemented 

Multi-party Agreement   √ 
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Early Involvement of all Parties  √  

Key Participants Bound Together 

as Equals  
  √ 

Liability Waivers between Key 

Participants  
  √ 

Transparent Financials between 

Key Participants (Open Books)  
  √ 

 Painsharing and Gainsharing 

(Shared financial Risk and 

Reward Based on Project 

Outcome) 

 √  

Profit Pooling   √  

Contingency Sharing   √  

Lean Principles  √   

Using Building Information 

Modeling (BIM) 

√   

Co-location of Teams √   

Jointly Developed Project Target 

Criteria and Collaborative 

Decision Making 

√   

Performance Evaluations  √   
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Integrated and Collaborative 

Teams 

√   

Mutual Respect and Trust  √   

Open Communication within the 

Project Team and Ability to 

Address Issues. 

√   

 

 Control Projects 

The study used two wastewater construction projects that were underway as control 

projects for implementing the IPD principles. The projects are Final Site Work and 

Screening System Improvements. Both projects are located at 23200 SW 97th Avenue, 

Miami, Florida 33190.  

Contract S-863, Screening System Improvements for Plant 1 and Plant 2: 

Notice to Proceed date was issued on May 20, 2013 with a Final Acceptance date 

of December 6, 2014.  The contract cost at bid time for this project was $5,720,050. This 

project consisted of two grit facilities referred to as Plant 1 and Plant 2.  Each grit facility 

consisted of an east and a west grit chamber/flume for a total of four grit chambers/flumes. 

Construction included installation of four new Huber Screens, modifications and 

rehabilitation of all grit chambers and bypass channels, new construction of the screen 

channels with associated stop gates and sluice gates. In addition to construction of new 

Electrical Building, complete with all structural and architectural work, miscellaneous 
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items including HVAC system, building electrical services, Motor Control Center (MCC), 

panel boards, transformer, and installation of RTU panel were also provided.  

Contract S-810, Final Site Work: 

Notice to Proceed date was issued on March 15, 2013 with a Final Acceptance Date 

of April 6, 2014.  The contract cost at bid time for this project was $3,017,000. 

Construction under this contract included a main access gate, site drainage, catch basins, 

exfiltration trenches, complete site irrigation system, light poles and lighting, rough and 

fine grading with suitable fill, removal of on-site excess fill material, polymer system 

piping, asphalt overlay, and ground cover including sod, seed, and rock. Critical project 

parameters were collected by the research team for the control project, as summarized in 

Table 4-3.  

Table 4-3: Control Projects Parameters Summary 
 

i Project Parameter Final Site 

Work 

Screening 

System 

 1 Project Award Price $3,017,000 $4,858,774 

2 Project Total Actual Cost $3,119,826 $5,070,762 

3 Total Cost of Change Orders $254,115.27 $184,725.00 

4 Number of RFIs 10 25 

5 Notice to Proceed Date 3/15/2013 5/20/2013 

6 Actual Completion Date 4/17/2014 12/07/2014 

7 Project Scheduled Duration 399 days 562 days 

8 Cost of Errors and Omissions CO $18,107.91 $42,849.00 

9 Total Cost of Claims $0.00 $0.00 
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10 Cost of Owner’s CO $135,210.77 $72,766.67 

11 Cost of Field Rework $0.00 $0.00 

12 Average RFI Response Time 3 days 10.8 days 

 

IPD Implementation in Wastewater Control Projects 

Since the control projects were already under construction by the time the IPD 

principles were implemented, this imposed limitations on applying certain IPD principles 

to the project delivery. For instance, Early Involvement of all Parties, Pain and Gain Cost 

Sharing, Profit Pooling, Contingency Sharing, Building Information Modeling, and 

Jointly Developed Project Criteria need to be planned, designed, and agreed upon with 

the project participants during the design, bidding, and preconstruction phases.  Since 

design and bidding were already completed on the control projects, these IPD principles 

will not be applicable in this process.  

The IPD principles that can be practically applied are: 

1- Open Communication within the Project Team and Ability to Address Issues, 

2- Integrated and Collaborative Teams, 

3- Lean Principles, 

4- Co-location of Teams,   

5- Project’s Staff Performance Evaluations, 

6- Mutual Respect and Trust, 

7- Jointly Developed Project Target Criteria, and 

8- Collaborative Decision Making.  
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 The study applied these eight IPD principles in the two control projects and 

measured the KPIs of these projects. These principles can be applied because they do not 

require any design or preconstruction aspects to be set prior to construction. They can be 

implemented during construction after all parties meet each other and after all roles are 

assigned. The exceptions are Lean Principles and Jointly Developed Project Target 

Criteria, which were already included in the design phase of these projects. The 

implementation of selective IPD principles are illustrated in this section. 

1- Open Communication within the Project Team and Ability to Address Issues  

Essential team meetings and collaboration among project participants help in 

opening venues for more communication.  One weekly progress meeting is held 

each week with the contractor, consultants, and owners who are involved in the 

planning, coordination, and performance of work and who have the ability to 

address issues.  Discussions in weekly meetings include the progress of each 

element of current work, schedule revisions, milestone dates, and total contract 

time. Within three days after each meeting, the construction manager distributes 

copies of the minutes of the meeting, including a brief summary of progress of the 

work since the previous meeting, to all project participants.  

In addition to weekly meetings, the construction manager meets with the general 

contractors on a daily basis, regardless of the presence of any issues. These daily 

meetings are informal and are held in the engineer’s office, in the contractor’s 

office, or in the construction field. Daily construction issues and conflicts are 

addressed immediately rather than accumulating them to be discussed during the 

weekly meetings or to be issued as RFIs. Open communication through phone 
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conversations between the engineer and the general contractors are kept frequent 

as well. For example, the contractor would call to notify the engineer of any 

engineering documents requested by the Miami Dade Building Department 

officials. The engineer would also call the contractor requesting clarifications or 

supplemental information during the shop drawing review process to expedite its 

approval. This helps in addressing issues faster and conveying messages right on 

the spot. Whether issues are related to design or water utility operations, phone 

calls to different parties involved can expedite resolving problems and addressing 

issues.    

2- Integrated and Collaborative Teams  

The team is led in a collaborative manner, by having the project 

participants work as team members not as adversaries. This is accomplished by 

having a good relationship between the owner, engineer, and contractor.  The 

project manager for the Final Site Work Project was a Miami Dade Water and 

Sewer employee for 20 years.  He still maintains a good relationship with the 

owner, his previous employer.  Moreover, the project manager for the Final Site 

Work Project has performed several projects with the construction manager’s and 

engineer’s employer firm and has established a good working relationship.   

The project manager for the Screens Improvements Project has been building 

projects for Miami Dade Water and Sewer Department for over eight years and 

has established a good working relationship. Additionally, the construction 

manager has been involved in the design and construction management of several 

projects in which the same project manager for the Screens Improvements Project 
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was also involved.  The construction manager has been providing engineering and 

construction management services to Miami Dade Water and Sewer Department 

since 2006, and was able to build a good relationship with the owner.  The past 

experience on previous construction projects among the owner, engineer, 

construction manager, and contractors helped to promote a collaborative team 

environment and chemistry between the key project participants on the control 

projects.  

Integration and collaboration were also promoted by introducing social 

activities outside the workplace, including Halloween pumpkin carving, breakfast 

fundraising for breast cancer awareness, Thanksgiving lunches, Christmas 

lunches, an Easter egg decorating contest, and other activities.  All parties 

participated in these activities and helped in organizing the events.  These 

activities were essential in bringing people together and promoting friendship. For 

both control projects, the owner provided more staff time than in the traditional 

DBB process. These project participants were empowered to make decisions at 

meetings with the project participants.  

3- Lean Principles  

Lean principles were applied during the design process of these DBB 

projects and are focused on maximizing value and eliminating waste. Since the 

efficiency of the lean principles can be increased by adhering to the construction 

project schedule, monthly progress schedule updates were submitted for review 

and approval by the engineer. Three week "look ahead" schedules were also 

prepared in detail and reviewed weekly during the weekly progress meetings. A 



70 

 

sample of the three-week "look ahead" schedule is shown in Appendix A.  The 

process of eliminating waste, meeting or exceeding all project requirements, 

aiming on the entire value stream, and pursuing perfection in the execution of a 

construction project is a continuous process that will be monitored closely, and 

actions taken will be documented. For example, inspections will be made of 

existing equipment and products that need to be upgraded but can be saved to 

eliminate waste.  A log for documenting the waste elimination is shown in 

Appendix B.    

4- Co-location of Team  

Co-location increases opportunities for collaboration and innovation and 

help in meeting project goals and commitments.  On the control projects, this was 

achieved after the project was awarded to the contractors.  The owner provided 

space on the construction site to allow for approximately one acre of physical 

space for the owner, consultants, engineers, contractors, and subcontractors.  This 

space includes a 700 m2 pre-engineered metal building for the owner, engineers, 

and construction managers; 2,880 m2 of field office parking; and a 2,323 m2 of 

trailer city for contractors and subcontractors’ trailers, all in the same parcel of 

land. In addition to the engineers and contractors, the onsite team included 

schedulers, accountants, inspectors, state inspectors general, document control 

staff, safety officers, and auditors.  A site layout drawing and the office building 

interior drawing are shown in Appendix C. 
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5- Performance Evaluations  

Evaluation is useful to determine defects in a program and to provide 

information necessary to improve the current performance.  On both control 

projects, the owner used to fill a contractor’s and consultant’s performance 

evaluations once every four months. Also, the consultants evaluate their personnel 

yearly including engineers and construction managers.  Evaluations can help 

improve the project’s effectiveness and improve the program. Evaluation forms 

samples are shown in Appendix D.  

6- Mutual Respect and Trust 

For a successful IPD project, a level of trust needs to be developed among 

the project participants so that they will not be taken advantage of during the 

project. Ghassemi and Becerik-Gerber (2011) demonstrated through control 

projects that trust comes in two ways: preexisting trust and forced trust. Where 

preexisting trust does not exist, a set of tools and activities will need to be 

implemented to allow the project team members to acquire trust forcefully.  As 

previously mentioned in “Integrated and Collaborative Teams,” the owner, the 

consultant, and the contractors have repetitive work and good long-lasting work 

relationships from the previous projects. This assists tremendously in promoting an 

environment of mutual respect and trust among the key participants in the control 

projects. A key indicator of trust and respect is when there are changes and extra 

work needed on the projects and the contractors proceed with the changes prior to 

receiving executed change orders or documentation to assure the contractors that 

they will be compensated for the extra work.  
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7. Jointly Developed Project Target Criteria 

Carefully defining project performance criteria early in the design phase 

with the input, support, and acceptance of project participants ensures that 

maximum attention is paid to the project. For the control projects, Jointly 

Developed Project Criteria was planned and agreed upon with the project 

participants during the design and preconstruction phases.  During the execution 

phase, the construction manager held monthly meetings with the contractor, 

consultant, owner, and other stakeholders to monitor and update the jointly 

developed project target criteria. For example, the control projects were among 

other projects that were required to be in compliance with a Consent Order with the 

Florida Department of Environmental Protection (FDEP). One of the main project 

target criteria was to meet the milestone dates and satisfy all other Consent Order 

requirements.  Structured jointly developed project criteria meetings were key in 

meeting those requirements.   

8. Collaborative Decision Making 

On the control projects, the construction manager formed a leadership team 

for decision-making purposes that included the contractor, consultant, owner, and 

other stakeholders. The team held monthly meetings and provided 

recommendations on decision-making priorities and activities and communication 

tools towards enhancing system efficiencies for the project. The team also assigned 

specific tasking to develop options for potential opportunities that could be 

beneficial for the project. 
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Results Comparison  

Results of the measured KPIs obtained from the control projects were compared 

with the KPIs data of past projects. 

1- Performance Evaluations with Regard to Cost 

 Cost overruns in the two control projects were compared with the past project’s 

data results. The researcher used to update a Cost Summary Log for the control projects 

on a monthly basis.  A sample of the Cost Summary Log is shown in Appendix E. 

Cost overrun during construction delivery is an important cost performance indicator.  

Equations 4-1, 4-2, and 4-3 are used for cost performance evaluations with regard to cost 

overrun performance during project delivery.  

Cost Overrun Performance: 

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 + 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡                               (4-1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 ∆ =
∑ 𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − ∑ 𝐴𝑤𝑎𝑟𝑑 𝐶𝑜𝑠𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑠
        (4-2)                 

𝐶𝑜𝑠𝑡 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 % =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡−𝐴𝑤𝑎𝑟𝑑 𝑃𝑟𝑖𝑐𝑒

𝐴𝑤𝑎𝑟𝑑 𝑃𝑟𝑖𝑐𝑒
× 100                      (4-3) 

2- Performance Evaluations with Regard to Time 

The construction schedule was reviewed monthly and the projects’ actual 

completion times were compared with the proposed schedule completion times.   

Time overrun during construction delivery is an important time performance indicator.  

Equations 4-4 and 4-5 are used for time performance evaluations with regard to time 

overrun performance during project delivery.  

Time Overrun Performance: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑖𝑚𝑒 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 ∆=
∑ 𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑖𝑚𝑒−∑ 𝐴𝑤𝑎𝑟𝑑 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑠
                 (4-4) 
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𝑥3 = 𝑇𝑖𝑚𝑒 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 % =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
𝑥100           (4-5) 

where Actual Project Duration is calculated as the time span between the Notice to 

Proceed date and the date when all work has been completed. 

3- Performance Evaluations with Regard to COs 

The number of COs and COs’ cost amount obtained from the control projects 

were compared with the past project’s data results as a percentage value of the total 

project cost.  The control projects utilized CO Log that was updated weekly by the 

researcher. A sample of CO Log is shown in Appendix F.  

Equations 4-6, 4-7, and 4-8 are used for performance evaluations with regard to Change 

Orders.  

𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟 𝐶𝑜𝑠𝑡 % =
∑ 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
𝑥100     (4-6) 

Percent of changes that are owner requested: 

𝑂𝑤𝑛𝑒𝑟′𝑠 𝐶𝑂 𝐶𝑜𝑠𝑡 % =
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑂𝑤𝑛𝑒𝑟′𝑠 𝐶𝑂

∑  𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠
𝑥100     (4-7) 

Percent of changes that are due to design errors and omissions: 

𝐸𝑟𝑟𝑜𝑟𝑠 𝑎𝑛𝑑 𝑂𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐶𝑂 𝐶𝑜𝑠𝑡 % =
∑ 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐸𝑟𝑟𝑜𝑟𝑠 𝑎𝑛𝑑 𝑂𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐶𝑂

∑  𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠
𝑥100   (4-8) 

4- Request for Information (RFI) Evaluation:  

The number of RFIs obtained from the control projects was compared to those of 

past projects delivered using DBB. The control projects utilized RFI Log that was 

updated weekly by the researcher.  A sample of RFI Log is shown in Appendix G.  

RFI performance measures include two components: 

1- Number of RFIs, 
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2- Average RFI response time per unit price. 

Equations 4-9 and 4-10 are used for performance evaluations with regard to RFIs.  

𝑅𝐹𝐼𝑠 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑃𝑟𝑖𝑐𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝐹𝐼𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
      (4-9) 

𝑅𝐹𝐼 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑇𝑖𝑚𝑒 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑃𝑟𝑖𝑐𝑒 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐹𝐼 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑇𝑖𝑚𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
   (4-10) 

5- Field Rework: 

The number of post-completion construction defects at the control projects was 

compared with those obtained from the past project’s data results. The researcher used to 

update a Construction Defects Log for the control projects on a monthly basis.  A sample 

of the Construction Defects Log is shown in Appendix H. 

Defects performance measures were measured based on cost of field rework, which could 

be as a result of these four components: 

1- A design that fails to meet the Professional Standards,  

2- The failure of the contractor to execute the work in accordance with the plans 

and specifications.  

3- The failure of the contractor to execute the work in accordance with the 

acceptable standards of workmanship in the construction industry, and  

4- The improper installation of systems, equipment or materials that are of a 

lesser quality than required by the plans and specifications.  

Equation 4-11 is used for defects evaluations with regard to cost of rework.  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐹𝑖𝑒𝑙𝑑 𝑅𝑒𝑤𝑜𝑟𝑘 % =
𝑇𝑜𝑡𝑎𝑙 𝐷𝑖𝑟𝑒𝑐𝑡 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐹𝑖𝑒𝑙𝑑 𝑅𝑒𝑤𝑜𝑟𝑘

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
𝑥100   (4-11) 
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6- Construction Claims: 

Project claims cost obtained from the control projects was compared with those 

obtained from the past projects. The researcher used a Construction Claims Log for the 

control projects. A sample of the Construction Claims Log is shown in Appendix I. 

Construction claims measures was measured based on cost of claims which could be as a 

result of these six components: 

1- Cost escalation, 

2- Time for completion and construction delays, 

3- Changes in project scope, 

4- Geotechnical and site-related problems, 

5- Weather and force majeure conditions, and 

6- Negligence in both design and construction. 

Equation 4-12 is used for claims evaluations with regard to cost of claims.  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑙𝑎𝑖𝑚𝑠 𝐶𝑜𝑠𝑡 % =
∑ 𝐷𝑖𝑟𝑒𝑐𝑡 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶𝑙𝑎𝑖𝑚𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
𝑥100    (4-12) 

Focus Group 

Focus Group Objective 

The questions asked during the focus group depended on the purpose of the group 

and the intended use of the results. The primary objective of focus groups is typically to 

collect opinions, beliefs, and attitudes of the participants. In this study, the main objective 

behind the use of a focus group is to assess the outcomes of implementing the IPD 

principles in water and wastewater projects. This is done primarily by comparing the 

results obtained from measured KPIs of the control projects with the KPIs obtained from 



77 

 

data collected from various water utility facilities owners of past projects that were 

delivered using DBB method in South Florida. The participants in the focus group, who 

are major players in the control projects, can help provide this study with a better insight 

into whether any improvements in measured KPIs can be directly correlated to the 

integrated IPD principles, or whether they are correlated to other coincidental factors 

specific to the control project.  

Type of Focus Group 

As discussed in the literature review section, there are three types of focus groups: 

exploratory, confirmatory, or a combination of both.  For this study, the focus group was 

to be confirmatory, because its main objective is to assess and confirm the findings of 

data analysis in comparing the performance of DBB project delivery.   

Focus Group Format 

The focus group for this study consulted stakeholders in the control projects to 

evaluate the comparison of KPI results of the dataset with the KPIs of the control 

projects. The focus group involved different types of stakeholders such as owners, 

engineers, consultants, and contractors. Two main criteria were established for 

participants’ selection: influence and experience in construction projects at Miami Dade 

South District Wastewater Treatment Plant (MD-SDWWTP), and to have been involved 

in the projects used for the control projects.  A secondary criterion is the years of 

professional industrial experience, which is a minimum of ten (10) years. 

The focus group of this research consisted of seven participants who were active 

participants during the design and construction of the wastewater projects at the MD-
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SDWWTP. An effort was made to form an overall sample that covers different sub 

domains of wastewater construction, such as design, construction, project management, 

planning, etc. 

A few days before the focus group meeting, the moderator communicated copies 

of the interview questions to the participants so that they might have time to prepare for 

answers.  

The target participants are shown in Table 4-4. 

Table 4-4: Target Participants 
 

 Employment  Target Participants  

1  Client  Design Engineer  

2  Client  Construction Manager  

3 Consultant  Design Engineer  

4  Consultant  Construction Manager  

5  Contractor  Project Manager  

6  Contractor  Project Manager 

7 Contractor Scheduler 

 A location was selected to conduct the focus group meeting for this study that 

takes into consideration convenience for the participants and neutrality. This study 

convened one focus group session.  The focus group in this study was scheduled for one 

and a half hours, with flexible time allocation. According to Gibbs (1997) it is important 

to select a neutral location for the focus group sessions.   

Audio recordings were made to permit subsequent transcription. Direct quotations 

that seem important were written down. Immediately, following the focus group, notes 

were reviewed and information analyzed.  

The focus group session was structured as shown in Table 4-5. 
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Table 4-5: Focus Group Structure 
 

Item Description Duration Responsible 

1 Focus Group Introduction  5 min Moderator 

2 Purpose and Methodology of the Study 30 min Moderator 

3 Discussion Points  50 min All 

4 Ranking of IPD principles 5 min All 

    

Focus Group Discussions and Questions 

An introduction included in Appendix J was presented to the focus group. 

Participants signed Consent to Participate in Focus Group Study as part of the MD-

SDWWTP. A consent sample is presented in Appendix K.  Participants were provided 

with summary details of the research (Appendix L). The moderator provided a short 

presentation of the research and focus group discussion areas followed by self-

introductions.  Summary sheets were provided to enhance the participants’ understanding 

and to prompt discussion, as shown in Tables 4-6 and 4-7.  

 

Table 4-6: KPIs  
 

Item Key Performance Indicators (KPIs) of Project 

1 Cost overrun as a percentage of the total project award price 

2 Change order cost as a percentage of total project cost 

3 Time overrun as a percentage of the original project schedule 

4 Number of RFIs per unit price  

5 
Errors and omissions change orders cost as a percentage of total cost of 

change orders 

6 Total claims cost as a percentage of the total project cost 

7 RFI response time per project cost  

8 Cost of field rework as a percentage of total project cost 

9 Owner requested change orders cost as a percentage of total cost of COs. 
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Table 4-7: IPD Principles Applied to DBB Projects in Treatment Plant Projects 
 

Item IPD Principles 

1 Open communication within the project team and ability to address issues 

2 Integrated and collaborative teams 

3 Lean principles 

4 Co-location of teams 

5 Performance evaluations 

6 Mutual respect and trust 

7 Jointly developed project target criteria 

8 Collaborative decision making 

Two discussion areas were conducted with the focus group:  

1- Effect of IPD principles on KPIs of water and wastewater projects delivered using 

DBB delivery method, and  

2- Ranking of IPD principles. 

A list of summarized discussion points is included in Appendix L. Participants were 

encouraged to engage in free discussion to express their opinions. The researcher 

documented the following: 

1- What was discovered and what was learned about the effects of IPD principles on 

the KPIs of DBB project delivery method from the point of view of the 

participants,  

2- Whether the focus group confirms the existence of a direct correlation between 

the implemented IPD principles and any possible improvements in measured KPIs 

of the control projects, and   

3- Evaluate the focus group interview process. What went well and what did not?  

Questionnaire included in Appendix M was distributed to the participants with the IPD 

principles implemented in the control projects listed.  Participants were asked to rank the 

IPD principles from one to five based on which they felt is most influential in improving 
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the KPIs.  Participants shared their experiences of the KPIs in the group. Their opinions 

and views were analyzed.  

PPR Model 

Chapter 6 discusses the development and implementation of the Project 

Performance Rating (PPR) model. The PPR is a comprehensive rating of performance for 

treatment plant projects and can be used to gauge the overall project performance.   

CORRELATION BETWEEN IPD PRINCIPLES AND PROJECT KPI  

Chapter 6 illustrates the regression analysis and the focus group were then utilized to 

determine the effect of each implemented IPD principle on various project KPIs. A 

guideline metric is developed that can significantly help utility owners aiming to predict 

how implementation of certain IPD principles can impact various project KPIs.
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CHAPTER 5                                                                                                         

RESULTS AND ANALYSIS 

Data Collection 

Data Sample Size  

A comprehensive list of inventory of water and wastewater facilities in the South 

Florida region was compiled, and their performance data corresponding to the KPIs of this 

study were identified. To accomplish this task, several water utilities in South Florida were 

contacted in order to identify the population of water and wastewater projects executed in 

the past decade inside water and wastewater treatment facilities. Project performance data 

were collected for water utility construction projects selected from several water utilities 

in the South Florida geographic region. The population was found to be 60 projects of 

varying sizes completed between 2003 and 2015, and contracted and delivered using the 

traditional Design-Bid-Build (DBB) delivery method. Some projects had insufficient 

records with missing data with regard to one or more performance factor, and thus had to 

be excluded from the analysis. The remaining 43 projects were therefore chosen to make 

up the data population for this study and to compare with the data of the two control 

projects. This projects’ database included projects of varying, but somewhat uniformly 

distributed size. Seventeen projects analyzed for performance indicators were under $6M, 

16 were between $6M and $14M, and 10 were over $14M. 
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Water Treatment Facilities 

A. Miami-Dade County 

There are seven water treatment facilities in Miami-Dade. These facilities provide clean, 

potable water to the entire population throughout the county. The design capacity of the 

water treatment facilities is approximately 500 million gallons a day (mgd). Table 5-1 

summarizes these facilities’ capacities and locations.  

Table 5-1: Miami-Dade County WTP Locations 
 

Plant Name Design 

Capacity 

(mgd) 

Location 

Alexander Orr  217 Miami 

City of Homestead  16.7 Homestead 

City of N. Miami Winson Water Plant 9 North Miami 

Florida City  4 Florida City 

Hialeah-Preston  225 Hialeah 

Norwood Water Plant – N. Miami Beach 16 Miami Gardens 

South Miami-Dade WTP4  12 Miami 

 

B. Broward County 

There are 27 water treatment facilities in Broward County.  The design capacity of these 

facilities is 490 mgd.  Table 5-2 shows a summary of the water treatment facilities of 

Broward County. 
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Table 5-2: Broward County Water Treatment Plant (WTP) Locations 

 

Plant Name Design 

Capacity 

(mgd) 

Location 

Broward County 1A Water Treatment Plant  16 Lauderdale Lakes 

Broward County 2A Water Treatment Plant    

40 Pompano Beach 

City of Coral Springs  16 Coral Springs 

City of Dania Beach Water Treatment Plant  3 Dania Beach 

City of Hallandale Beach  10 Hallandale Beach 

City of Lauderhill  16 Lauderhill 

City of Margate Water Treatment Plant  18 Margate 

City of Tamarac Utilities West  20 Tamarac 

Cooper City Utilities  7 Cooper City 

Coral Springs Improvement District  7.1 Coral Springs 

Davie Water Treatment Plant System I  3.4 Davie 

Davie Water Treatment Plant System III  4 Hollywood 

Deerfield Beach East Water Plant 16.8 Deerfield Beach 

Deerfield Beach West Water Plant  18 Deerfield Beach 

Ferncrest Utilities  1 Fort Lauderdale 

Fiveash Water Plant  75 Fort Lauderdale 

Hillsboro Beach Water Plant  2 Pompano Beach 

Hollywood Water Treatment Plant  61 Hollywood 

Miramar West Water Plant  7.5 Miramar 

North Springs Improvement District  6.8 Coral Springs 

Park City Water Treatment Plant–Sunrise #2  6 Fort Lauderdale 

Pembroke Pines Water Treatment Plant #2  18 Pembroke Pines 

Plantation Central Water Treatment Plant  12 Plantation 

Plantation East Water Treatment Plant  12 Plantation 

Pompano Beach Water Treatment Plant  50 Pompano Beach 

Sawgrass Water Treatment Plant–Sunrise #3  18 Sunrise 

Southwest (S. Broward) Water Treatment 

Plant  

2 Davie 

Springtree Water Treatment Plant–Sunrise #1  24 Sunrise 
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C. Palm Beach County 

There are 11 water treatment facilities in Palm Beach County.  The design capacity of 

these facilities is 320 mgd.  Table 5-3 shows a summary of these water treatment 

facilities.  

Table 5-3: Palm Beach County WTP Locations 
 

Plant Name Design 

Capacity 

(mgd) 

Location 

Lake Worth Utilities Authority 17.4 Lake Worth 

Riviera Beach WTP 17.5 Riviera Beach 

Boynton Beach City of 19.24 Boynton Beach 

Seacoast Utilities 23  

Water Treatment Plant No. 2  14.5  

Water Treatment Plant No. 3 30  

Water Treatment Plant No. 8 30  

Water Treatment Plant No. 9 27  

Glades Road 70 Boca Raton 

Southern Regional Water Reclamation 

Facility (WPB) 

47 West Palm Beach 

The City of Delray Beach Water 

Treatment Plant 

26  

Delray Beach 

 

Wastewater Treatment Facilities 

A. Miami-Dade County 

There are four wastewater facilities in Miami-Dade County with a total wastewater 

design capacity of 556 mgd.  The City of Homestead wastewater treatment facility 

provides wastewater service to 10,100 residential and non-residential customers. The 

three Miami-Dade Water and Sewer Department (WASD) wastewater facilities provide 

direct sewer service to approximately 315,000 retail customers and 13 wholesale 
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customers. Table 5-4 shows a summary of the wastewater treatment facilities in Miami 

Dade County. 

Table 5-4: Miami-Dade County Wastewater Treatment Plant (WWTP) Locations 
 

Plant Name Design 

Capacity 

(mgd) 

Location 

City of Homestead  6 Homestead 

WASD Central District WWTP 143 Virginia Key 

WASD North District WWTP 120 Miami 

WASD South District WWTP 287 Miami 

B. Broward County 

Broward County has 13 wastewater facilities, the total wastewater design capacity of 

which is 275 mgd. While Broward County does operate and provide sewer service to 

many areas, several municipalities operate their own facilities. Table 5-5 summarizes the 

wastewater treatment facilities and shows the location of each plant. 

Table 5-5: Broward County WWTP Locations 
 

Plant Name Design 

Capacit

y (mgd) 

Location 

Broward County N. Regional  84 Pompano Beach 

City of Margate East WWTP  5 Margate 

City of Margate West WWTP  5 Margate 

Cooper City Utilities  3.75 Cooper City 

Coral Springs Improvement District  8.33 Coral Springs 

Ferncrest Utilities, Inc.  0.6 Fort Lauderdale 

G.T. Lohmeyer Plant  55.7 Fort Lauderdale 

Hollywood Southern Regional WWTP  48.75 Hollywood 

Pembroke Pines WWTF  9.5 Pembroke Pines 

Plantation Regional WWTP  18.9 Plantation 

Sawgrass Regional WWTF–Sunrise #3  20 Sunrise 

South Broward (Southwest) WWTF  1 Davie 

Springtree Regional WWTF–Sunrise 

#1  

10 Sunrise 

Town of Davie WWTP  5 Davie 
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C. Palm Beach County 

 A total of 13 wastewater facilities operate in Palm Beach County, with a total wastewater 

design capacity of 171 mgd. Similar to Broward County, several municipalities operate 

their own facilities and provide sewer services to their areas. Table 5-6 shows the 

wastewater treatment facilities and their locations. 

Table 5-6: Palm Beach County WWTP Locations 
 

Plant Name Design 

Capacity 

(mgd) 

Location 

Boca Raton, City of - WWTP 17.5 Boca Raton 

Loxahatchee Env Control Dist WWTP 11 Jupiter 

South Central Regional WWTP 24 Delray Beach 

Seacoast Utilities PGAWWTP 12 Palm Beach Gardens 

East Central Regional WWTP 70 West Palm Beach 

Palm Beach County Southern Regional 

WWTP 

30 Boynton Beach 

Western Region WWTP 6.5 Belle Glade 

Scope of Data Collected 

Data for treatment plant projects were collected from water utilities in the three 

counties of South Florida; namely Palm Beach County, Broward County, and Miami 

Dade County. This study included a total of 43 projects selected from the total population 

of projects completed in the period of time spanning between years 2003 and 2015. The 

type of projects selected included construction projects inside water and wastewater 

facilities contracted and delivered using the traditional DBB delivery method. 

The projects completed between years 2003 and 2015 totaled 43 projects, 

hereafter referred to as the “dataset”, and were subsequently used for the analysis with 

control projects.  



88 

 

The researcher personally obtained the required data on the projects from 

different databases for the water utilities in South Florida. Statistical analysis was 

performed on the data in order to develop statistical measures, such as minima, maxima, 

averages, and standard deviations of grouped data. 

The performance of the construction projects in the dataset was compared to that 

of the two control projects delivered using the combined IPB and DBB approach. This 

was done through the comparison of KPIs identified earlier in Chapter 4, such as cost 

overrun %, time overrun %, total claims cost %, cost of field rework %, RFI response 

time per unit price, RFI per unit price and change order cost %, error and omissions CO 

cost %, and owner’s CO cost %. 

Figure 5-1 shows a graphical summary of the dataset categorized per award years, 

and notes the contract average amounts. For example, in 2008, seven projects were 

awarded, with a contract average base amount of $231M, an average contract base 

amount plus contingency of $262M, and an average actual amount paid to the contractors 

of $247M.  

 



89 

 

 

Figure 5-1: Number of projects and contract average value per award year. 

Data Sources 

Water utility construction projects data used in this research were obtained from 

several water and wastewater facilities in South Florida, including in-house documents 

and databases. The data from Broward County and Palm Beach County was in both hard 

copy and electronic formats.  

Miami Dade Water and Sewer Department (MDWASD) uses Proliance and 

SharePoint, which are intranet websites available for MDWASD’s personnel and 

approved users. Proliance and SharePoint include detailed and extensive construction 

projects data records. Construction projects started before 2006, however, were not 

available in Proliance or SharePoint.  

Proliance and SharePoint serve as the foundation of MDWASD’s project control 

tracking system (PCTS) operating on a single database. They include projects 
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information as well as search capabilities. Figures 5-2 and 5-3 are example output screens 

for typical Proliance and SharePoint searches, respectively.       
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Figure 5-2: Output from Proliance. 
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Figure 5-3: Output from Sharepoint.
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Project Performance Measures 

Overall and individual project performance of projects comprising the dataset 

were evaluated and compared to the performance of the control projects. This was done 

by comparing the project outcomes in several key areas that were determined in Chapter 

4 to constitute the KPIs of any construction project. Results of these comparisons are 

presented in the following sections.  

Project Categories 

The study categorized the projects by their total base contract value. Even though 

KPIs were normalized by the total project value to eliminate any bias introduced by the 

project size, such categorization would still add some value by providing insight into 

whether certain KPIs have any particular trends in large or small projects. The cost 

categories selected are as follows (cost in millions of dollars):   

- Base contract value: $0M–$1M, 

- Base contract value: $1M–$2M, 

- Base contract value: $2M–$6M, 

- Base contract value: $6M–$10M, 

- Base contract value: $10M–$14M, 

- Base contract value: $14M–$22M, 

- Base contract value: $22M–$40M, and 

- Base contract value: $40M–$120M. 

Figure 5-4 provides a summary of the categories, showing the total number and 

percentage of overall projects falling into each category of the dataset. For example, the 
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figure shows that for the base contract amount category between $2M and $6M, there are 

eight projects, which constitute 18.6% of the 43 projects in the dataset. Figure 5-4 shows 

the distribution of projects. 

 

Figure 5-4: Number and percentage of projects for specified range of contract value. 

Figure 5-4 shows that nearly 23.2% of the projects in the dataset were under $2M, 

nearly 19% of the projects were between $2 M - $6 M, nearly 21% of the projects were 

between $6M to $10M, nearly 25% of the projects were between $10M - $22M, and 

nearly 11% of the projects were over $22M. The average base contract value in the 

dataset was $12.8M, and the maximum was $117.5 M. 

 Performance Evaluation with Regard to Cost 

Project cost is of major interest as it shows the resource usage in economic terms. 

Another important aspect is cost predictability, which predicts whether the final overall 

cost is in line with the base contract amount (Swan and Khalfan, 2007). Following 

contract award, the bid price becomes the benchmark for cost control purposes. 
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Contractors are required to submit a cash flow schedule or schedule of values that the 

water utilities will use to assess project performance by comparing actual costs to the 

original base contract amount. At project completion, the final cost is compared to the 

original bid price to assess the project delivery performance in terms of any sustained 

cost overruns.  

It is very common for water related projects to experience cost overruns. While 

the causes of the cost overrun can be numerous, there is always a need to revisit how the 

estimate was originally established and identify any errors. This study analyzed the cost 

performance of the dataset projects at contract completion. Cost overruns, also referred to 

as cost growth, in the two control projects were compared with those of the dataset 

delivered using traditional DBB. Cost overrun during construction delivery is an 

important cost performance indicator.  Equations 5-1, 5-2, and 5-3 were used to obtain 

the numerical values of the KPIs for cost performance evaluation.  

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 + 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡𝑠             (5-1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 ∆ =
∑ 𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − ∑ 𝐴𝑤𝑎𝑟𝑑 𝐶𝑜𝑠𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑠
              (5-2)                 

𝐶𝑜𝑠𝑡 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 % =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡−𝐴𝑤𝑎𝑟𝑑 𝑃𝑟𝑖𝑐𝑒

𝐴𝑤𝑎𝑟𝑑 𝑃𝑟𝑖𝑐𝑒
× 100                 (5-3) 

The cost overrun results are presented in Figure 5-5 as percentages of the base contract 

amount. The average cost overrun percentage on traditional DBB projects of the dataset 

was 7.8%. The average cost overrun on the control projects of the two case studies was at 

3.9%.  The cost performance of the control projects is almost half that of the dataset 

projects delivered using traditional DBB.  
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Figure 5-5 shows a wide range of the cost overrun percentage for projects in the 

dataset. It also shows that almost all projects tend to exceed the original contract price. Of 

all projects in the dataset, 22% have a cost overrun of 10% or more. This reflects the high 

variance of the projects, for which the average cost overrun was 6.85% and the standard 

deviation was 1.03%. The columns in Figure 5-5 marked in yellow represent the cost 

overrun of the two control projects, which are at 3.41% and 4.36%, respectively. The data 

in Figure 5-5 shows two clear outliers, one with a 39% cost overrun, and the other with a 

negative 8% cost overrun. Such data outliers deserve an elaboration to the underlying 

reasons for uncommon cost overrun. The project with 43% cost overrun was a water 

treatment plant upgrade in the City of Fort Lauderdale. This contract’s base amount cost 

was $1.75M and the actual cost was $2.43M. Total change orders were $678,975.27 of 

which 85% ($578,158) were owner requested changes. The owner requested change 

order was rehabilitation of underdrains and filter media replacement for two large water 

filters, which was not part of the scope of work of this contract. The second project with 

negative 8% cost overrun was a wastewater treatment plant upgrade in Palm Beach 

County. This contract’s base amount cost was $1.18M and the actual cost was $1.06M. 

The reduction in total cost was due to three change orders that were initiated by the 

owner for deleted work and resulted in a total credit of $114,699. 
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Figure 5-5: Distribution of projects with respect to the cost overrun percentage. 

Figure 5-6 shows the cost overrun percentages for both projects of the dataset and 

the control projects, categorized according to the base contract amount categories 

discussed earlier. In examining all the categories of the base contract amount in Figure 5-

6, the average cost overrun can be seen to fluctuate between 6 and 9% for all categories 

except the second ($1M - $2M). The wider range observed in the second category is a 

direct consequence of the 39% cost overrun outlier project discussed in Figure 5-5. 

Removal of this outlier data point would result in a much narrower range that is between 

0 and 6.05%. While the average was reasonable, the range between the minimum and 

maximum cost overrun for every category was quite substantial. For example, the $2M - 

$6M category, which comprises 8 projects from the dataset and in which the control 

projects fall, had a minimum of 0.83% and a maximum of 15.76% cost overrun. The 

minimum and maximum figures represent the lowest and highest cost overrun incurred 

by projects. The cost overrun percentage for the control projects are shown to be at 

4.36% and 3.41%—well below the 5.54% average for their category, and the 7.2% 

overall for the entire dataset. 
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If the distribution of cost overrun amounts is examined by bid amount category, it is seen 

that the average amount of cost overrun is the highest for an original bid amount greater 

than $1M. It can be noticed that for base amounts less than $1M, the average cost overrun 

is lower than for those bid amounts greater than $1Mwith the exception of $22M - $40M 

range.  Only three projects of the dataset belonged to the $22M - $40M range, of which 

the cost overrun percentage range was between 2.94% and 7.55%. The project with 

2.94% cost overrun is a project for Miami Dade Water and Sewer Department, which 

included approximately $2M of fuel costs, in the base amount, for testing new generators 

and for filling the fuel storage tanks with 200,000 gallons of fuel for emergency cases 

such as hurricanes. The amount of fuel used was less than what was in the contract 

documents and there was no need to fill the fuel storage tanks, which resulted in a cost 

reduction of $1.16M or 3.3% cost reduction, thus resulting in a lower cost overrun than 

would be expected.  

 

Figure 5-6: Cost overrun percentages for specified contract base amount range. 
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Figure 5-7 compares the cost overrun averages of all projects in the dataset to the cost 

overrun percentage of the control projects.  

  

Figure 5-7: Comparison of cost overrun average of all projects to time overrun of 

control projects. 
 

The cost overrun measures the difference between the award cost and the actual 

cost of the projects divided by the number of projects, as is demonstrated in Equation 5-2.  

For the traditional DBB projects the average cost overrun was calculated to be at 

$936,147 while the average cost overrun for the control projects was calculated to be at 

$157,407 as shown on Figure 5-8. The control projects show an average cost overrun that 

is 83.2% lower than the traditional DBB projects of the dataset. This is an indication that 

the actual expenditure of the control projects was very close to the award cost in 

comparison to that of the dataset projects.   
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Figure 5-8: Comparison of average cost overrun of all projects to control projects. 

Performance Evaluations with Regard to Time 

Since time can be a critical factor for many clients, project duration is often of 

prime interest. However, schedule overruns may be an even more important issue. Time 

overrun, also referred to as time growth, during construction delivery is an important 

KPI. Time performance measurement can be established on the basis of a relationship 

among a number of project time variables, such as original contract duration and actual 

contract duration. The performance measure adopted in this study is the time overrun 

percentage, which measures the deviation of a project’s actual duration from the original 

contract duration.  Equations 5-4 and 5-5 are used to determine numerical values of the 

KPIs for time performance evaluation. 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑖𝑚𝑒 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 ∆=
∑ 𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑖𝑚𝑒−∑ 𝐴𝑤𝑎𝑟𝑑 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑠
                (5-4) 

𝑇𝑖𝑚𝑒 𝑂𝑣𝑒𝑟𝑟𝑢𝑛 % =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
𝑥100                          (5-5) 

936,147

157,407

0

200,000

400,000

600,000

800,000

1,000,000

Average Cost Overrun

Average Cost Overrun all Projects Average Cost Overrun Control Projects



101 

 

where Actual Project Duration is calculated as the time span between the Notice to 

Proceed date and the date when all work has been completed. 

Figure 5-9 shows the time overrun as a percentage of the original project duration for 

both projects in the dataset and the control projects. The same figure shows a substantial 

range in the time overrun of completed projects and illustrates that most projects tend to 

exceed their original contract durations. Of all the projects in the dataset, 72.1% finished 

later than originally planned with 50% having a time overrun greater than 10%. Around 

9.3% of the projects finished sooner than originally planned. One of these projects was a 

Miami Dade Water and Sewer Department project with an engineer’s duration of 5.5 

years and base amount of $82M. This project included building four new clarifiers and 

was completed 153 days ahead of schedule. The engineer’s schedule on this project was 

over estimated and the contractor was able to sequence the construction activities in 

parallel and crashed activities by pouring large amounts of concrete at once.  Another 

$4.4M project with 2.5 years duration in Broward County was completed 39 days ahead 

of schedule.  The project’s scope of work entailed demolitions of existing ground storage 

tank and pump station; construction of a new 1.5 million gallon tank, service pumps, 

ammonia and hypochlorite system. This project had a -3.86% time overrun since the 

contractor was able to save time in building the tank using new construction techniques. 

The contractor used special wall forms, which allowed the casting of the walls faster than 

could be done by traditional methods. This reflects the high variance of the projects, for 

which the average time overrun was 22.2%, and the standard deviation was 34.99%.  The 

control projects had time-overrun percentages 0% and -0.71% and are shown in yellow in 
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Figure 5-9. Implemented IPD principles with DBB delivery method is shown to have a 

time performance superior to the traditional DBB delivery method. Figure 5-9 shows that 

the distribution of time overrun in the chosen categories is normal, and has a somewhat 

bell shape. 

 

Figure 5-9: Distribution of projects with respect to the time overrun percentage. 

To further analyze the time performance of the control projects, Figure 5-10 was used to 

show the variation of the average time overrun percentage in relation to the project base 

contract value categories defined earlier. For example, the $2.0M - $6.0M category has 

an average time overrun of 28.56%. The maximum time overrun percentage has 

substantially extreme values also, with an average of 122.2%. The control projects, which 

fall in the same category, had a time overrun percentage that is very close to the 

minimum overrun line for that particular category. A comparative analysis of cost and 

time overrun between the projects revealed interesting trends. The majority of the dataset 

projects experience time overrun and the overrun amounts vary and are dependent on the 

volume of contract. The distribution of time delays exhibits a wider range of variation. 
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This may be attributed to unforeseen conditions, error in the owner’s original contract 

time estimate, and/or management deficiencies.  

An interesting result was that longer contract duration and higher project cost are 

associated with a smaller time overrun. This finding seems rather surprising as longer 

contract duration and larger projects would typically be expected to have a greater time 

overrun due to the nature of complexity of these projects. It is possible that such 

unexpected finding was caused by correlation between the project duration and other 

variables, which could result in a greater time delay. It may be interesting to carry out 

further investigation of these trends, such as examining any existence of correlation 

between other variables.  

 

Figure 5-10: Time overrun percentages for specified contract base amount. 
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Figure 5-11: Comparison of time overrun average of all projects to time overrun of 

control projects. 
 

Another time performance measure is the average time overrun, which measures 

the difference between the scheduled time and the actual completion time of the projects, 

divided by the number of projects, as was shown in Equation 5-4. For the traditional 

DBB projects of the dataset, the average time overrun was calculated to be at 104.63 days 

while the average time overrun for the control projects was calculated to be negative 2.0 

days as shown in Figure 5-12.  
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Figure 5-12: Comparison of average time overrun of all projects to control projects. 
 

Table 5-7 shows the percentage of projects completed at different levels of time 

and cost overrun. For example, at 0% cost overrun (actual cost - base cost)/base cost, 

2.44% of the projects were completed within the bid price. At 0% time overrun (actual 

duration - bid duration)/bid duration, 34.15% of the projects were completed on time. No 

trends can be observed from this table and it can be concluded that there exists no 

relationship between the cost overrun and the time overrun for a specific overrun percent. 
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Table 5-7: Percentage of Projects at Different Levels of Time and Cost Overrun 
 

% Overrun % of Projects at 

Indicated % of Cost 

Overrun 

% of Projects at 

Indicated % of Time 

Overrun 

0% 2.44% 34.15% 

5% 34.15% 7.32% 

10% 39.02% 9.76% 

15% 17.07% 17.07% 

20% 4.88% 4.88% 

25% 0.00% 4.88% 

30% 0.00% 2.44% 

35% 0.00% 2.44% 

40% 2.44% 0.000% 

55% 0.00% 2.44% 

75% 0.00% 2.44% 

85% 0.00% 2.44% 

100% 0.00% 2.44% 

105% 0.00% 2.44% 

125% 0.00% 2.44% 

135% 0.00% 2.44% 

 

Figure 5-13 shows the number of projects completed at different levels of time 

and cost overrun. This graph is helpful to identify the projects with the same time and 

cost overrun at an indicated percentage.  For example, there are six projects that have 

approximately the same percent of time and cost overrun. Five of these projects had a 

percent overrun range between 5% and 10%, and one project fell in the 10% to 20% 

range. At 5% of both time and cost overrun, four projects, which is equivalent to 9.68% 

of the projects, experienced time and cost overruns. This figure is also significant to 

identify the projects with a certain successful limit of percent of both time and cost 

overrun. For example, if 5% time and cost overrun was considered a successful limit, 

then, seven projects (16.2% of all projects) were considered to have been successfully 

completed. 
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Figure 5-13: Comparison of percent time overrun to percent cost overrun per 

project. 
 

Performance Evaluation with Regard to Change Orders (CO)s 

Change orders (CO), commonly issued due to Request for Proposal (RFP), occur for 

many reasons on construction projects. These reasons share common characteristics and 

can be classified in common categories. In DBB projects, the causes of changes have 

been classified into five categories. According to the U.S. Army Corps of Engineers and 

the U.S. Navy (National Research Council 1986), the categories into which the primary 

causes for changes fall are: 

- Design deficiencies (errors and omissions), 

- Criteria changes, 

- Unforeseen conditions, 

- Owner requested changes, and 

- Other categories. 
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The number and percentage cost of COs obtained from the control projects were 

compared with the corresponding KPIs of the traditional DBB projects of the dataset. The 

control projects utilized CO Logs that were updated weekly by the researcher. A CO Log 

is shown in Appendix F. Equations 5-6, 5-7, and 5-8 were used to determine numerical 

values of the KPIs with regard to change orders.  

𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟 𝐶𝑜𝑠𝑡 % =
∑ 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
𝑥100     (5-6) 

Percent of changes that are owner requested: 

 𝑂𝑤𝑛𝑒𝑟′𝑠 𝐶𝑂 𝐶𝑜𝑠𝑡 % =
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑂𝑤𝑛𝑒𝑟′𝑠 𝐶𝑂

∑  𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠
𝑥100                 (5-7) 

Percent of changes that are due to design errors and omissions: 

𝐸𝑟𝑟𝑜𝑟𝑠 𝑎𝑛𝑑 𝑂𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐶𝑂 𝐶𝑜𝑠𝑡 % =
∑ 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐸𝑟𝑟𝑜𝑟𝑠 𝑎𝑛𝑑 𝑂𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐶𝑂

∑  𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠
𝑥100  (5-8) 

Figure 5-14 illustrates how the percent of total CO cost of projects varies in relation to 

the contract base amount categories. The average coefficient of variation was significant 

at 102%. In examining the categories of the base contract amount, the $2M - $6M range 

category had a minimum and maximum CO cost — as a percentage of the contract base 

amount — of 2.2% and 15.8%, respectively. The CO percentage costs for the control 

projects were, in comparison, at 3.6 and 8.1%. These values were respectively at the 

minimum and average percentage CO cost for the dataset projects in the same base 

contract value category. 

Figure 5-14 does not show a uniform trend of the percent of CO cost versus the 

contract base amount. This is due to the fact that COs are based on many variables that 

change with different projects. The most significant interactions of cost variables are the 

following: 
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1- Timing of the change order: Practically, the cost of change increases as the project 

moves toward completion (Chick, 1999); and 

2- Reason for the Change: As previously mentioned, there are several reasons for the 

owner to issue a change order.  

 Contractors may need to underbid projects to secure work in a competitive 

bidding environment. COs may be used to make up losses inherent in the bids.  The 

outlier project with 38.8% total CO cost was a water treatment plant upgrade in the City 

of Fort Lauderdale previously illustrated in the cost overrun in Figure 5-5. The cost 

overrun of this project was equal to the CO cost of $678,975.27. 

 

Figure 5-14: Total CO cost for specified contract base amount range. 

Table 5-8 lists some basic information about the overall average of the RFP 

percentage cost. 
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Table 5-8: Statistics of the CO Performance Measure 
 

Measure Average Standard 

Deviation 

Coeff. of 

Variation 

Minimum Maximum 

% Total CO 6.57% 6.75% 102.6% 0.0% 38.8% 

 

Rowland (1981) found that the amount of change orders increases with the 

increase in the contract size due to the complexity of larger projects. Rowland (1981) 

found that lack of effective communication channels in large projects, tend to increase the 

likelihood of a high number of change orders. In addition, the larger the gap between the 

low bid and the next low bid on a project, the greater the likelihood that a project will 

experience greater number of change orders. According to Rowland, when there is a low 

bid is significantly lower than the next low bid due to an error, the low bidder who has 

been awarded the project needs to take advantage of change orders to recover the losses.    

From another perspective, because the risks are higher in largest cost ranges, 

(above $22M), more care could be exercised during construction and planning phases, 

leading to a lower likelihood of cost overrun and time delays. Similarly, for the smallest 

cost ranges ($0M - $1M), because the projects are very simple in comparison to large 

complex projects, the CO cost percent tends to be lower.  

Figure 5-15 shows how the owner requested CO cost of projects as a percentage 

of the base contract amount varies in relation to the contract base amount categories. In 

examining the category ranges of the base contract amount, the $2M - $6M range had a 

minimum and maximum of 0.14% and 7.1% owner requested CO cost, respectively. The 

owner requested CO cost percentage for the control projects were at 4.5% and 1.9%, 

which are close to the average and the minimum percentages for the dataset projects in 
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the same base contract value category.  Figure 5-15 shows that the highest owner 

requested change orders were in $1M - $2M range with an average of 7.5%. The outlier 

project with 38.08% of owner requested CO cost was a water treatment plant upgrade in 

the City of Fort Lauderdale previously illustrated in the cost overrun in Figure 5-5 and 

Figure 5-14. Total change orders were $678,975.27 of which 85% ($578,158) were 

owner requested changes. As shown the average trend is not uniform across the contract 

base amount range due to the nature of variation of the conditions of each project. In 

water related projects, contracts that are less than $1 million are either simple 

rehabilitation projects, site preparation projects, or small pipeline projects.  In that $0M -

$1M range, projects are simple and straight forward such as coatings, making it limited 

for owners to implement additional scope of work. On the contrary, $1M - $2M range has 

the highest average percent of owner requested CO cost. The $1M - $2M range projects 

include rehabilitation and improvement projects to existing structures that are more 

complicated than the $0M - $1M range. In these types of projects, the onsite owner’s 

operations personnel who have the hands-on experience of working in these facilities and 

who were not involved in the design and planning phase of the project generate wish lists 

of changes that they would like to replace or add to the facilities. This rarely is the case in 

larger projects composed mostly of new structures and in which the owner’s wish list 

tends to be smaller and lean towards a smaller impact on the overall cost of the project.   
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Figure 5-15: Owner requested CO cost for specified contract base amount range. 
 

Figure 5-16 illustrates how the owner requested CO cost of projects as percentage 

of the total CO cost varies in relation to the actual expenditure cost.  Both control projects 

fell close to the minimum. Figure 5-16 shows that the average owner requested CO cost 

of projects as a percentage of the total CO cost does vary greatly among the contract 

actual expenditure cost range. Figure 5-16 is similar to Figure 5-15; however, the trends 

are sharper. Figure 5-16 also shows that the most frequent owner requested change orders 

were in $1M - $2M range with an average of 98.83%.  
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Figure 5-16: Owner requested CO cost for specified actual expenditure range. 

The researcher reviewed the COs of the dataset projects and assessed the COs 

related to errors and omissions. Omissions usually add value to a project. Instead of being 

included at the time of contract award, the building improvement that was omitted from 

the design documents is picked up by a change order. Design errors, on the other hand, 
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previously mentioned, the $1M - $2M range projects includes rehabilitation and 

improvement projects where the errors and omissions are limited since the design of such 

projects is simpler than most of the other contract ranges.  The narrow ranges of variation 

in the percent error and omission CO cost for projects in the $40M - $120M range, is 

because there were only two projects in that category, and both projects had close percent 

values.  

 

Figure 5-17: Error and omission CO cost for specified contract base amount range. 
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Figure 5-18: Error and omission CO cost for specified actual expenditure cost 

range. 
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number of RFPs versus time overrun. This is mostly due to the fact that RFPs are based 

on many variables that change with different projects such as: 

1- Time extensions granted when RFPs are owner requested; and 

2- Work stoppages, where it is not uncommon that the contractor has to stop the 

work when a change order is issued, thus increasing the time overrun.   

Since the cases stated above do not occur in every RFP, this would not have to result in 

an increase in the time overrun. On large projects, group leaders may pay special 

attention to prevent time overrun from exceeding larger rates.  

 

Figure 5-19: Time overrun for specified total number of RFPs. 
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ranges of total CO cost to contract base amount. This evaluation is shown in Figure 5-20. 

It can be seen from Figure 5-20 that in evaluating this KPI, the control projects had time 

overrun percentages of negative 0.89% and 0%, respectively. Both control projects thus 

have this KPI falling near or below the minimum average of the dataset projects in the 

same ranges.   

Similarly, Figure 5-21 illustrates how the time overrun percentage varies in 

relation to the specified percent range of total CO cost to actual paid amount. The time 

overrun percentage for the control projects again shows to be at or very near to the 

minimum averages of the dataset projects.  Projects with minimum percent range of total 

CO cost experienced the most time delay (an average of 53.15%). This can be attributed 

to small size projects with tight schedules where a small percent of CO can lead to higher 

levels of delay in the contract execution. Projects with the largest percent range of total 

CO cost experienced the least time delays due to their large projects’ size with long 

original projects durations. The zero time overrun value for projects with over 16% total 

CO cost was because there was only one project in that category, and that project did not 

experience any time delay. 
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Figure 5-20: Time overrun for specified percent range of total RFP cost to contract 

base amount. 

 

 

Figure 5-21: Time overrun to specified percent range of total CO cost to actual paid 

amount. 
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Figure 5-22 illustrates how the cost overrun percentage varies in relation to the 

specified percent range of total CO cost to contract base amount. The cost overrun 

percentages for both control projects were near the minimum calculated average for the 

dataset projects. The relationship between cost overrun and percent range of total CO cost 

to contract base amount, in Figure 5-22, shows a strong direct correlation, where an 

increasing cost overrun percentage value is directly related to an increased percent range 

of total CO cost of projects. A similar pattern is shown in Figure 5-23, in which cost 

overrun percentage increases with an increase in the percent range of total CO cost to 

actual paid amount. This trend is logical and expected given that cost overrun is mostly 

due to additional cost coming from COs. It can be observed from previous figures that the 

higher percentage of CO costs does not occur in large projects and these projects tend to 

have lower cost overrun percentages. Figure 5-23 also shows that the cost overrun 

percentage for the control projects was at or below the average minimums of the 

corresponding dataset categories.   
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Figure 5-22: Cost overrun to specified percent range of total CO cost to contract 

base amount. 
 

 

Figure 5-23: Cost overrun to specified percent range of total CO cost to actual paid 

amount. 
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The overall average number of RFPs for all the dataset projects was 24.8. Figure 

5-24 compares the overall average number of RFPs for all the dataset projects of the 

dataset to the number of RFPs of the control projects. The plot shows that the values of 

eight and 10 total number of RFPs recorded for the control projects fall well below the 

overall average number of RFPs in the dataset projects. 

 

 

Figure 5-24: Comparison of average number of RFPs of all projects to control 

projects. 
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from the control projects was compared to those of the dataset projects. The control 

projects utilized RFI Logs that were updated weekly by the researcher. An RFI Log is 

shown in Appendix G.  

RFI performance measures include two components: (1) number of RFIs, and (2) average 

RFI response time. Equations 5-9 and 5-10 are used for performance evaluations with 

regard to RFIs.  

𝑅𝐹𝐼 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑃𝑟𝑖𝑐𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝐹𝐼𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
      (5-9) 

𝐹𝐼 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑇𝑖𝑚𝑒 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑃𝑟𝑖𝑐𝑒 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐹𝐼 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑇𝑖𝑚𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
    (5-10) 

Figure 5-25 illustrates how the number of project RFIs varies in relation to the 

contract base amount. In examining the categories of the base contract amount, the $2M - 

$6M range had a minimum of 10 and a maximum of 55 RFIs. The numbers of RFIs for 

the two control projects were 10 and 25, respectively. In comparison, the numbers of 

RFIs of the control projects fall between the minimum and the average of the dataset 

projects in the same particular cost range.  

It can be noted that the $10M - $14M range experienced a greater number of RFIs 

than the other ranges, with an average of 159 RFIs. The relationship between contract 

base amount and total number of RFIs, in Figure 5-25, shows a strong direct correlation, 

where a contract base amount value is directly related to an increased number of RFIs. 

Contract base amount range of $10M - $14M includes an outlier value, which is difficult 

to explain due to lack of adequate data to determine the cause of the RFIs. 
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Figure 5-25: Total number of RFIs by specified contract base amount range. 
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Figure 5-26: Cost overrun by specified total number of RFIs range. 
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example, in the 20 to 40 range, the time overrun percentage for the control project was at 

negative 0.89%, compared to the 24.5% average value for dataset projects with a similar 

number of RFIs.   

 

 

Figure 5-27: Time overrun specified total number of RFIs range. 
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contract base amount, in Figure 5-28, shows a strong direct correlation, where a contract 

base amount value is directly related to a decreased RFI response time per unit price. On 

large projects, managers expect a large number of RFIs and may make special efforts to 

better process the RFIs to avoid conflicts and delays. 

 

Figure 5-28: RFI response time per unit price by specified base amount cost range. 
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correlation is that projects become more complex as they become larger, so better 

management skills exist and more attention is paid. Larger projects have higher unit 

prices, and therefore the ratio of RFI/unit price would decrease according to the formula 

 𝑅𝐹𝐼𝑠 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑃𝑟𝑖𝑐𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝐹𝐼𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
      (5-11) 

Even though more complex projects would be expected to have more RFIs, the ratio 

would decrease due to the greater actual project cost. 

 

Figure 5-29: RFI per unit price to specified base amount cost range. 
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Figure 5-30: Comparison of average RFI response time per unit price and average 

RFI per unit price of all projects to control projects. 
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Construction Claims 

Disputes often arise between subcontractors, contractors, and owners regarding 

the performance of the project. Expectations of owners, contractors, subcontractors, 

architects, engineers, or suppliers may not be realized, and disputes may arise at any time. 

Disputes frequently occur over the scope, timing and quality of actual work performed, 

and materials delivered. Project claims cost is an economic measure of such disputes. The 

cost of claims obtained from the control projects was compared with those obtained from 

the dataset projects. The researcher used a Construction Claims Log for the control 

projects. A Construction Claims Log is shown in Appendix I. 

Construction claims evaluation was measured based on cost of claims, which 

could be as a result of the following six components: 

1- Cost escalation, 

2- Time for completion and construction delays, 

3- Changes in project scope, 

4- Geotechnical and site-related problems, 

5- Weather and force majeure conditions, and 

6- Negligence in both design and construction. 

Equation 5-12 was used for the evaluation of the cost of claims KPI.  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑙𝑎𝑖𝑚𝑠 𝐶𝑜𝑠𝑡 % =
∑ 𝐷𝑖𝑟𝑒𝑐𝑡 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐶𝑙𝑎𝑖𝑚𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑜𝑠𝑡
𝑥100     (5-12) 

Figures 5-32 and 5-33 show how the cost of claims — as a total dollar amount and as a 

percentage of project base contract amounts, respectively — varies in relation to the 

contract base amount. In the $1M - $7M range category, the cost of claims for the control 
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projects were at $0.0, which is at the minimum of all the dataset projects in the same size 

category. 

The highest number of claims was in the $14M - $22M range. The next highest was the 

$10M - $14M range, and the third highest was the $22M - $40M range. The irregularity 

of the trends suggests that claims are not necessarily endemic to water related projects 

across the industry, but rather depend on the management of these projects. This finding 

indicates the significant impact that management and planning strategies can have on 

reducing or eliminating claims.   

 

Figure 5-32: Cost of claims to specified contract base amount cost range. 
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Figure 5-33: Comparison of percent of cost of claims to contract base amount cost 

range. 

 

Figure 5-34: Comparison of cost of claims to contract base amount of projects. 

Summary of Findings 

Cost: The control projects had lower total cost overrun during construction than 
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