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Chapter 1 Introduction

1.0 Background and Need

The United States (US) highway system is the largest ro@mebriesystem in the world. The
Michigan Department of Transportation (MDOT) is responsible for bwhNational Highway

System and the State Trunk-line System in the State of Michigaf 2010, these roadway
networks total approximately 9,722 route-miles, which equate to apptetym28,000 lane-

miles of roadway [1].

Hundreds of projects worth billions of dollars in tax monies areeVery year by the State
Transportation Agency (STA) to maintain and preserve this tapitastment. The projects’
scopes of work (SOW) include road resurfacing and construction, bredgdbilitation and

construction, capital preventive maintenance (CPM), intelligansportation system (ITS), and
others. The majority of these projects are successfully completedns of meeting their initial
scope of work, schedule, and cost and quality requirements. Howener,sojects end up in
litigation and dispute resolution, costing taxpayers a great ambuomdreey and the STA a great

amount of time and resources.

From 1999 to 2010, for which data were available, hundreds of claimsbkavefiled by the
STA'’s contractors, resulting in hundreds of millions of dollars imctlayout amounts. In the
Metro Detroit Region, which encompasses Wayne, Oakland, MacamdbSta Clair counties
(Figure 1.1), records show that more than $100 million dollars imslaave been filed with the

STA and paid out to contractors for claim resolution during this period (1999-2010).
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St Clair

Metro Region

SOUTHFIEL

{.? Payne DEJROIT
Region Office

A Transportation
Service Center | laylor

Figure 1.1 Location Map of Metro Region and its Transportation Service CENBLs)

In the face of economic slowdown and an increase in the cost agaditode of these
construction claims, research is needed to investigate thesfaftecting this increase in the
number and magnitudes of highway construction claims and to seek aswvtavimprove the
efficiency and effectiveness of highway project delivery bgucing the number and cost of

claims.

1.1 Problem Statement

Although measuring the performance of any construction projectrimstef success or failure

may appear simple, it is in fact a very complex process. Inrglen@oject success is most
commonly identified with performance related to cost and tiHmvever, attempting to define

or limit the list of factors that contribute to project sucaosesld be certain to generate lengthy

debate among project managers, researchers and practitioners.

Many factors contributing to project success have been identifipdevious research and have

subsequently been reported in the literature as shown in Table 1.1.
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Table 1.1 Groupings of Critical Success Factors (CSF) in karBtudies
Nguyen et al. Anton de Wit
Chua et al. [2] [3] [4] Avots I. [5]
Goals and Project-related
Project characteristics Comfort objectives factors
Performance | Human-related
Contractual arrangementy Competence monitoring factors
Process-related
Project participants Commitment Transformation| factors
Input-related
Interactive processes Communicationdg Communication factors

Output-related
Environment factors

Boundaries
Resources
Continuity

Chua et al. [2] identified sixty-seven project successt@dl factors for construction project
addressing budget performance, schedule performance, quality perterraad overall project
success according to the project objectives of budget, schedule, aityl gliddese factors were
grouped under four main projects aspects, namely, project chatacder contractual

arrangements, project participants, and interactive processes hiretarchical model for project
success. Chua utilized a questionnaire approach to facilitatecalégation in this study and

invited experts in the construction industry to participate in tineey. Chua also compared his

findings with findings of previous studies using neural network approach.

Nguyen et al [3] explored the success factors in large-soahstruction projects and their
underlying relationships by utilizing questionnaire and interview estgwith construction

professionals which resulted in formulation of four factor groupwmigieh were together called
critical COMs of success and were labeled as COMprehension peeite, COMmitment, and

COMmunication, respectively.
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Highlighted the distinction between project success and the suafctss project management
effort, bearing in mind that good project management can conttibarseds project success but
is unlikely to be able to prevent failure. Utilized project obyexgifor the project success and
based the success on the degree to which these objectives havadbggrhich tends to be
restricted to cost, time and quality/performance). Also addedtiieaneed to consider the
objectives of all stakeholders throughout the project life cycle andll levels in the

management hierarchy to properly attempt to measure project success.

Anton de Wit[4] highlighted the distinction between project success andubeess of the
project management effort by utilizing project objectives far project success and based the
success on the degree to which these objectives have been mettémdigtio be restricted to
cost, time and quality/performance). Wit also added that the toeeonsider the objectives of
all stakeholders throughout the project life cycle and at alldemghe management hierarchy to

properly attempt to measure project success.

Most of these studies have involved projects in the private and the pablars, in the US and
abroad, though infrequently in the highway construction domain. Consequeigtlynknown
whether the same success factors are applicable to highwaygtprojFurthermore, it is unclear
how the unique features of a highway project, in terms of its swiowerk and other important
variables, may affect the success or failure of the proje¢he context of the number and

magnitude of construction claims.
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1.2 Claim Overview

A claim can be defined as a demand for additional compensatios foatially submitted to an
authorized agent of the STA outside of the normal process for change approvals. driesimg)
a continued demand for payment is termed a “claim” if it has pemnously denied under the
STA's normal procedures for change approval.

Both the STA and the contractor share in the responsibility fomslaMany claims could be
avoided if reviews of the contract documents were more thorough, imgieparation of the
project and in bidding the project. According to the Construction Indusstytute (CII)[6]
problems occur most often when an STA rushes a project with incenglétadequate plans

through the letting process.

The CII also concluded in the same study that, in many instamceslue to public pressure,
states sometimes promise to get work under construction or to operaligytontraffic on some
predetermined date. This approach may cause claims as planpeaifccaion may not be
completed and error free. Similarly, “shelf projects,” those ptsjevith plans that were
developed several years earlier, can be especially dispute-prone heaffiggeatterns and other

field conditions may have changed.

The CIlI [7] also concluded that most states acknowledge that sr@ectaining known errors
are sometimes let for bid because the time frame does not fdtoerrors to be corrected.
Contractors may contribute to claims through ineffective projeahagement, scheduling

practices and substandard work.

The National Cooperative Highway Research Program (NCHRP)[8}gubiout that highway

construction is more dispute-prone than other types of constructionhaninpression that
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claims have increased are a reflection of economic conditionsethdt when new construction
activities decline. The NCHRP [8] also pointed out that as cbtigpeamong contractors
becomes intense and construction costs increase, contractors’ biais @osmaller margin for

absorbing unanticipated expenses, and some contractors may use claimstteemakefit.

1.3 Research Rationale

An initial review of existing critical success facto(€SF) on construction projects, as
summarized in Table 1.1, showed that the lists comprise séaetals under various categories
such as project procedure, external environment, human-relatedsfgmtoject-related factors,
and project management system. Only a few of these studiesatiampted to explore the
underlying relationships of these factors within the various caesgorLi et al. [9] also share
this view in their study of critical success factors for pugitvate-partnership projects and
argue that, “While many CSFs have been identified, their impcetegiative to one another has

received less attention.”

Most research studies assume that various success factordegrendent of each other and have
no interrelationships. This assumption can lead to incomplete conclusions deelyithiat some

success factors, even though they initially fall under diffecatégories, are actually related to
each other. There are very few studies where the intéoredhtps of critical success factors are

analyzed.

The Water Design-Build Council (WDBC) [10] concluded that commatical success factors
on public projects (Table 1.2) can be grouped together to include: btidgget,cost, quality,
satisfaction, expectation, functionality, schedule and administratidowever, none of these

factors (See Table 1.2) had any mention of claims as a factor of a proessac failure.

www.manaraa.com



Table1.2 Groupings of Common Criteria for CSFs in Earlieudies
Metrics Definitions
Budget The project is completed at or under therected cost
Cost The completed project’s unit cost, cost groavtt intensity
Time The project’s construction speed, deliveryespand schedule growth

The completed project meets or exceeds the accetgrdards of
Quality workmanship in all areas

The completed project meets or exceeds the usavisiened goals in all
Satisfaction areas

The completed project meets or exceeds all techpezéormance

Functionality specifications provided by the owners

Schedule The project is completed on or beforetmtracted finish time

Safety The project meets or exceeds the standasddaty or warranties in all areag
Administration The construction process does not unduly burdeonwrer’s project

burden management staff

Relative comparison of owner expectations fromgebgoncept as compareg
Expectation to the completed project

It is very important to study these interrelationships to deter and understand all of the

factors that affect a project’s success or failure, especiallyelatiés to claims.

More importantly, very few studies on critical success factave been conducted at State
Transportation Agencies and the research is very limited whammies to investigation of the
factors that affect claims on highway construction. In fact, EI-Ratyak[11] concluded that the
available studies addressed only the effect of a few factotseasutcess or failure of a highway
construction project and none of the available studies or researcliédeatclaim as a factor of
project success or failure on either general construction pgoggcon highway construction

projects.
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1.4 Research Objectives

The primary objectives of this study are to:

* Identify factors affecting claim and payout outcomes and theguency of occurrence

at the State Transportation Agency,

* Develop a methodology for studying factors affecting highway coctsdn claims based

on Michigan data,

* Examine the relationships among the different project variabldstermine how these
factors affect claim and payout outcomes, and based on the results of thidiresearc

* Recommend certain improvements for future research projects

All of these objectives are aimed at increasing the likelihoabject’'s success at the STA by
reducing, both, the frequency and the costs of claims. Theseiwkgeate consistent with the
stated goals of the STA to better serve the traveling publiewindeting the strategic goals and

immediate needs for improved project success and sustained economic benefits.

15 Research Approach

The approach of this study incorporated four phases that included:
e Survey of available literature;
e Methodology Development
e Data acquisition, organization, and analysis; and
e Interpretation of results, and discussion of subsequent conclusions and recornamgndat

A brief discussion of these phases is included in the following sections.
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151 Literature Survey

The first phase of the research involved a state-of-the art atdte-of-the practice review of
information related to project success factors, both at a gelegedland specifically as they
apply to the highway construction industry, as well as the faafttasting construction claims in

highway construction. This information is included in Chapter 2 of this dissertation

15.2 Methodology Development

Based on the literature review and the research objectivesttdotgy was developed to
outline the steps for obtaining and organizing the projects’ relelaatfor analysis. The details

of this phase are included in Chapter 4.

1.5.3 Data Acquisition, Organization, Methodology Devel opment

This phase included surveying, reviewing, and organizing data fronstruction claims
available through the Transportation Service Centers (TSCs)o Begion office, other region
offices, and the Central Office of the STA. It also included siimge reviewing, and organizing
data of all the successfully completed projects at the STiAesd projects were combined in a

master spreadsheet for analysis. This information is detailed in Chapter 3

154 Analysis Results, Discussion, Conclusion, and Recommendations

This phase involved the statistical data analysis, which is dedcm detail in Chapter 4. This
chapter also details the initial and the final analysisoperéd on the data to determine the
significant project factors affecting the success of liighway construction projects in the

context of claims. In Chapter 5, a detailed discussion of thetgasypresented based on this
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analysis. Chapter 6 presents a detailed discussion of the reseantusions and contributions,
and ends with suggestions and recommendations for improved claim managem areas of

opportunity for future research.
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Chapter 2 State-of-the-Art Literature Review

2.0 Initial State-of-the-Art Review

An initial state-of-the-art review was conducted to identify what isectlly known about project
critical success factors (CSFs) in the Unites States #mdac regarding, both, general
construction (building and heavy) and highway construction. Additional reviewre
conducted to determine whether any research specifically addreslaims in highway
construction projects. These literature reviews were conducteaptore available information

and to detail how the data were organized, analyzed and modeled by the researchers

Invariably, construction stakeholders (such as owners, financieess, suppliers, contractors,
subcontractors, and other vendors) have distinct interests and potearafgting in any given
construction project and; therefore, the perception of success smayaaly accordingly (Bryde
et al. [12]. In the case of transportation and highway constructiofegs, numerous
stakeholders from diverse socio-economic and cultural backgrounds tritel@@mcomplish the
project objectives. Therefore, it is important to ascertain lwifiactors each interest group
considers important to project success. Rubin and Seeling [13|ntirstiuced the concept of
project success factors in 1967 and Rockart [14] used the termirmloggl success factors for

the first time in 1982.

There has been a considerable increase in the number of stualied telCSFs for construction
projects during the last two decades. A few of the most cite#dswiar the literature include
Ashley et al. [15], Pinto et al. [16], Savindo et al. [17], Tiong efld], Songer et al. [19], Chan

et al.[20], Jefferies et al. [21], Cooke-Davies et al. [22], agdysn et al. [23]. It is apparent

www.manaraa.com



12

from the findings of the aforementioned studies and despite thg faigde volume of these
studies on the subject, there seems to be little agreementks JRis disagreement could be
due to the different backgrounds of the researchers in the indosttheir affiliation, as well as
possible problems with obtaining all available and pertinent datahenstudied projects.
Because each stakeholder may have different interests angtmersebout project success and
failure, researchers stress the need for more work in the(@heza et al) [20]. Due to the
varying nature and specific objectives of every construction projgatess factors are likely to
be different (Chua et al.) [24]. Furthermore, at micro and maeedsieparticipants may perceive
success differently and, hence, parties involved at micro antrea@ls may attribute different

success factors to the same project (Lim et al.) [25].

The Project Management Institute (PMI) pointed out that resdm®bd recommendations about
the success factors of different construction projects can be tersplied to highway and
transportation projects (PMI) [26] (such as meeting the projegiesaost, time, quality, risk,
procurement, communication, staffing, and integration requirements). vdowie Federal
Highway Administration (FHWA) [27] notes that there are elemamique to the success

factors of a highway and transportation projects, including:

1. Highway projects are funded with public monies. A higher |le¥etxpectation and
scrutiny is associated with these types of projects becau$e sburce of funding and

the vast number of stakeholders involved.

2. These types of projects usually affect great numbers of (gsstemers) by their success

or lack thereof.
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3. Success will mean saving a great amount of money, as tleegerarexpensive projects

and undertakings. Similarly, failures can mean significant losses for tleereasons.

4, The need to make sure that the causes for success are intptbraed the causes for

failure are avoided is mandated by the Federal Government and required by FHWA.

2.1 Construction Project Success Factors

The initial literature review revealed a number of critiedlributes for different types of
construction projects. It can be seen from the following summaryrtbst of these studies have
focused on specific success parameters and the critical sdacts's derived are applicable to a
particular industry or contract type. Some researchers &depted a questionnaire survey
approach forwarded to experts in the field and analyzed the sldtaderson et al. [28] for data
collection. Chua Dk et al. [24] employed mathematical tools Aikalytic Hierarchy Process
(AHP) and Neural Networks (NN) for data analysis and recomntienda Anderson et al. [28]
utilized statistical techniques such as factor analysis andvarndte regression for analysis and
conclusions. Chen and Ao [29] employed linear regression techniqudstéamine the
relationship between procurement duration and design-build successsportation projects.
The project success criteria included in the reviews ranged &mmventional factors like
schedule, cost, and quality to more recently adapted criterigpéikeeived performance and
client satisfaction as Toor et al. [30] has outlined in hseaech. Importantly, no one in the
reviewed literature noted that claims could be used as an imdmfaproject success or failure.

This factor is covered in the following chapters.
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2.2 Highway Project Success Factors

Research conducted by the Construction Industry Institute [31] idelrtif@ schedule reduction
could be achieved without increases in project cost provided ceeemiques are applied
during project development and especially during design [32]. Eadareh by O’Connor et al.
[33] found that poor specifications can cause construction reworkdalags. In fact, these
authors state that 22% of all constructability problems aatectlto ineffective communication
of engineering information, plans, and specifications, especialldequacies in project

specifications. Anderson et al. [28] confirmed the latter problem in a natev@lstudy.

2.3 Factors Affecting Claims in Construction

Barry et al. [34] described the state of practice with mesjmeprocedures used throughout the
United States to resolve disputes and avoid construction claims. @mghasized the
importance of settling disputes at their inception, before thegnbedormal claims or lawsuits.
Rubin et al. [35] addressed the key aspects of prosecuting agndohef claims, from claims
presentation to formal dispute resolution. Complete with forms andkl®@iec plus case
histories, mini-cases, and more, this edition is a resource fa theslved in construction and

construction law and litigation.

Tyrrell et al. [36] provided a list of root causes of claims and extra costs andimg earthworks
sector of highway construction. The study was carried out foFdmesport and Road Research
Laboratory. Records for ten (10) contracts carried out between 19579%i1d have been
analyzed; these projects involved the construction of about 23 milesjof mnad at tender

prices totaling more than $20,000,000 and additional costs totaling $6,750,000.
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Tyrrell's analyses [36] show that extra costs arising fearthwork difficulties alone were not
necessarily greater than those resulting from other typedficuilies. Those extra costs from
ground-related and pavement construction work also a significant patabe&xtra costs. Main
areas that gave rise to the extra costs were planningeoinsgestigation, interpretation of site

investigation results, and overall project planning and management.

Netherton [37] divided the main causes of highway construction €lamo four (4) main

categories relevant to their contributions that include the following:

1. Contractor practices (such as scheduling, methods and means),

2. State Transportation Agency practices (such as quality of the plans aridapats),

3. Personal factors (such as the key staff involved on the project), and

4. Institutional factors (such as regulatory requirements).

Netherton [37] recommended utilization of a program to compilesstati data on highway
construction claims so that causes could be studied more systdimatiSuch data were not

available to him at the time of his study and are available for this rbsearc

Ellis [38] identified the root causes of highway construction daihrough a survey of state
transportation agencies and highway contractors and ranked thensem terms of their
importance and frequencies as the five most frequent reasonsalgs olehighway construction.

According to Ellis the top five (5) reasons for highway claims per the STAsai@lows:

1. Utility relocations

2. Differing site conditions (utility conflicts)
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3. Errors in plans and specifications

4. Weather

5. Permitting issues

Ellis [38] also identified the Contractors most frequent reaslmnsdelays in highway

construction as follows:

1. Utility relocations

2. Errors in plans and specifications

3. Differing site conditions (utility conflicts)

4. Weather

5. Owner requested changes

24 Review Summary

From the preceding reviews, it can be seen that extensigarceshas been done to identify,
analyze and model the factors affecting the success and fafldierent types of construction

projects in the US and abroad; however, the research has not addhessaccess factors of a
project from the perspective of claims. It is also evident tth@tresearch material is limited
when it comes to identifying the uniqueness of highway projectsiranthderstanding the

relationships among the different variables on the different tgypbghway construction (road,

bridge, maintenance, or a traffic and safety) projects.
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It is also evident from the review that no study looked into the factors thatfeantihe outcome
of a highway construction project in the context of claims as@icator of a project success or
failure. In addition, the research material becomes almostexistent when it comes to
utilizing the information obtained from actual claim documents ghvway projects to identify
the characteristics and causal factors of claims in highwastiction projects. Addressing this

gap is attempted in this research, as outlined in the following sections.
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Chapter 3 Data Acquisition and Organization

3.0 Overview

The primary objective of this research is to identify facédfscting claim and payout outcomes
and their frequency of occurrence at the State Transportationciige the context of claim
management. To do that, all of the projects with claims hiksdito be acquired and reviewed
for all of the specific factors. Additional projects that welesssified as successful in the context
of meeting the budgeted cost and implementation schedule, and evepteted without any
claim were also reviewed for the same factors. The libbtf sets of projects were combined

and all of the factors were collected, organized, and tabulated for a vdrsetslyses.

The STA keeps project records in a variety of media and locatidost of the project records
for the construction phase are kept in paper format at the TS€ wffiere the project is located
and actively managed. Some additional construction information isirkept electronic filing

system accessible to project managers. Specific informatgarding the initiation, planning,
and design phases of the projects are kept in the regional andl ofintes in both paper and
electronic format. All of the information about each projecth{valaims filed and those that
were successfully completed without claims) had to be obtainectwed] organized, and

analyzed for this research.

3.1 Data Acquisition and Sources of Information
This research required a great amount of specific project infammntnat was available at the

STA in different forms which included the following:
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1. General information on the project such as the control section, job nuarme the
project location and limits,

2. Detailed project design information such as the existing site toomsli scope of work,
and the material specified,

3. Detailed project construction requirements such the Maintenanciraffic (MOT)
requirement, special restrictions, utility coordination, and major pay items,

4. Detailed construction progress information such as the work psogmed schedule,
contractors working on the project, Number of subs, percent patiicipaof
Disadvantaged Business Enterprise (DBE), and number and values o&ctontr
modifications (CMs),

5. Detailed financial information such as the project’s budgeted amouatdasy contract
amount, changed amount, payment progress, and project engineer’s estimate,

6. Specific claim information such as the reason(s) for the claim, inftialiat of the claim,
and final amount,

7. Detailed bidding such as the date of the bidding, the number of dderbj and other
information as necessary,

All of the needed data were obtained from the STA and the personafyiahg information was

deleted to protect the identity of the individuals and entitielf. ofAthe projects that had any
claim filed were searched, retrieved, and analyzed. Theyedotalo hundred eleven (211)
projects in the entire state agency. Projects of each posgiel¢hat had no claim filed and did
not have a single contract modification (CM) were also sedraeb&rieved, and analyzed for the

same period (1999-2010). This aspect of the search was very dimanaing as the list of
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projects that the STA had let was very long (> 2000 projects)rengrojects that did not have

any contract modifications were very scarce (47 projects) asalladtm Figure 3.1

211 Projects with Filed Claims

>2500 Projects did not have a Claim Filed but had more than one Confract
Modification (>1 CM)

47 Successful
Project:

Figure 3.1 Breakdown of Analyzed Projects

It is relevant to note at this time that most of the projecteeaSTA had contract modifications
to account for any change in the cost, scope of work, schedule, or ajbgemeents that were
previously stipulated in the contract documents. Any change fromotiteact documents that
affected the cost, schedule, material, had to be captured by actantrdification for proper

project closeout per the federal requirements. These projettsatha contract modification but
did not file a claim (which constituted the majority of projecttha STA) were not included in
this research. The lists of projects that did not have any com@dification and did not have
any claim filed were searched from the list of the eneteo$ projects that were let in STA and
were analyzed in this dissertation. These projects tofaktyl seven (47). The two sets of
projects were combined together and totaled two hundred fifty eight (258)\we 81 the Figure

3.2.
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No. of Projects Analyzed

250 - 211
200 -

150 -

100 - 47

50 |—|
0
Total No. of Projects No Claim Claim Filed

Figure 3.2 Breakdown of Analyzed Projects

To accomplish the stated research objectives discussed in Chatpterrésearch methodology
explained illustrated in Figure 3.3 is utilized.

As shown in Figure 3.3 that a complete research of all the moyeth claims filed was
researched. This task was followed by a complete researdhtloé successful projects at the
STA that were completed successfully (without a single chamgbkei cost, schedule, or any
other requirements). The list of the two (2) sets of projeete wombined and analyzed. It is
important to note at this juncture that most of the projects aE1#e did not experience any
claim filed, but rather experienced a change in the cost, schedule, ocantractual factors that
were captured a contract modification. These projects were rotli@acin this research as the
purpose of this research was to identify the characteristiaheofprojects with claims and
compare them to a set of successful projects that did not experay change in the cost,

schedule, or other contractual requirements.
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These projects were separated into four (4) major catedmagesd on their scope of works and

included the following (The list does not include special and lesgiént projects such as office

building, car pool and rest area facility construction projects):
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1. Road projects include all of the projects that are located otmaakbportation systems
(NHS, State Trunk-line, or local agencies). The scope of waatlkded reconstruction or

major resurfacing,

2. Bridge projects include all of the projects that are located idgds on the transportation
system and the scope of the work can be total construction or rehabilitation,
3. Capital preventive maintenance (CPM) projects include all miesurfacing, white
topping, or crack and joint repair works located on the transportation system, and
4. Intelligent transportation system (ITS) projects involve work aiffier control devises,
instruments, signage, or pavement markings on the transportation system.
* Other types of projects such as research projects, facditgtruction, rest areas, car pool,
guard rails, and other less frequent projects were not included iresigarch because of the
shear small number of these projects and their unique scope of work.
3.1.1 Claim Letter
Every project that had a claim had a “Claim Decision Letterits file. The claim decision
letters were retrieved from all available sources within dhferent offices of the STA that
include the Transportation Service Centers (TSCs), Region Offices, andritral©ffice. Each
claim decision letter was reviewed and analyzed for the undgrhgasons of the claim, the
initial amount of the claim, and the final determination on thercldiat included the final
amount paid, if any. A spread sheet was created with claiaifisgaformation and the project
identification numbers such as the control section (CS) that shovsctten on the state map
and the project’s job number (JN). Once the CS and the J&l oi¢ained, a search into the
actual plan, proposal, and the complete design and construction filesimteated for each

project. The result of the research was tabulated in a master spredhikbiept

www.manaraa.com



24

3.1.2 Project Plan

Detailed information on each project was retrieved from the prpjaos, such as the scope of
work and project type (road resurfacing, road reconstruction, bnidgabilitation, bridge
construction, CPM, or ITS). Project limits and the location ohgaoject on the transportation
system such as on the National Highway System (NHS), Stat¥k-Tine, or Local Agency was
also obtained and tabulated. The information on the project desigwisalso identified and
tabulated in the Master Spreadsheet that included whether the pvagdesigned by the state
agency, the local agency, or by consultants. The applicable desigorestdiction standards on

the project, namely the 1996 or the 2003 Specification Books were also obtained artddabula

The 1996 Specification Book addressed requirements in the metric ereastirsystem on the
projects while the 2003 was revised to the english measurements and rextigiedncaterial and

guality requirements.

3.1.3 Project Proposal

Detailed information on the projects were also obtained from tbegirproposals and were
tabulated in the master spreadsheets such as the progress sclitbdine start and completion
dates, the length of construction duration in days and in constructisonseastipulation of
liuidated damages, utility coordination clause, maintenance ofct(®&fOT), unique special
provisions, and any other restrictions applicable to the project such as the need tat®oridh

other active projects within the project’s construction influence areAJPC

3.1.4 Project Financial Information
The financial information was searched and documented for eacbtprojerms of its source of

funding (federal, state, or local). Based on the type of funding projact the applicable
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requirements may differ. State projects can be funded entirglythe state or federal
government. Local agency projects can be supported by localterfstaling. Very rarely,

local agency projects are funded entirely by the federal gowmnBased on the funding of the
projects certain guidelines are required. Additional informatiotherdifference between the
engineer’s estimate during the design phase and the amount awbst responsible bidder

were also retrieved and tabulated in the same master spreadshieetsfioalysis.

3.1.5 Project Construction Files

Additional specific project information such as the identity of ghene contractor, number of
subcontractors, percent participation of the DBE, total number of &dghe total amounts for
were added. The increases and the decreases in the projet¥swens added and the

percentages of the net change were tabulated for each project.

3.2 Identification and Description of Major Categories

In the master spreadsheet, more than a hundred factors weréedesmid obtained for each
project entry. Organization and coding all of these entries instemspreadsheet and an initial
analysis resulted in reduction to seventy-four (74) factors tleme water grouped into the
following ten (10) major categories: Letting year, projeciation, contracting factors, scope of
work, major material, and restrictions in the contract, projectirastration, financial factors,
guality factors, and the basis of the claim filed. These caesgare listed in Table 3.1 with
brief descriptions. The ten (10) major categories considerddsimesearch as the independent

variables are further discussed in the following sections.
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Table3.1 Classifications of Major Categories of the IndepenioVariables
Category
Number | Major Categories [ Description
1 LETTING YEAR Year when the project was let.
Geographic and physical
2 LOCATION location of the project.
CONTRACTING Variety of contracting factors
3 FACTORS specific to each project.
4 SCOPE OF WORK | Scope of work on the project.
Primary material used on the
5 MATERIAL project.
Restrictions and special
RESTRICTIONS conditions specific to the
6 IN CONTRACT project.
PROJECT
7 ADMINISTRATION | Administration of the project.
FINANCIAL Financial factors specific to
8 FACTORS each project.
QUALITY Quality factors specific to each
9 FACTORS project.
Basis of the claim on the
10 CLAIM BASIS project.

3.2.1 Letting Year

The combined list of the projects (projects that had claimg &fed those that did not have any

claim filed and did not have any contract modification during thetnat®n implementation

phase) was separated into three (3) different groups based onaththeeroject was let for

construction. Projects that were let prior to the issuance &Qb28 Specification Book, during

the time when the 1996 Specification Book was in effect, were grouped “prior to 20Q@ptter

that were let after the issuance of the 2003 Specification Beo& grouped “after 2003.” And

the projects that were let during 2003, when the 2003 Specification Ba®HKinst introduced,

were grouped as “during 2003 grouping” to determine if this introduction inadféect on the

designers and/or the constructors as indicated in Table 3.2.
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Table 3.2 Groupings of Category No.1 “LETTING YEAR”

No. of Projects

Letting Year Classes Analyzed

Prior to 2003 Year of 1999 4
Year of 2000 5
Year of 2001 10
Year of 2002 6

During 2003 Year of 2003 17

Table 3.2 shows that the group named “prior to 2003” had all the projettwelea let from

1999 through year 2002. The group labeled as “during 2003” had only the pto@aigere let

in year 2003. The group called “after 2003” had the remaining psojeat were let in 2004

through April of 2010 up to the time of initiation of the analysis work in this research.

3.2.2 Project Location

It was evident from the initial survey of the claim inventosgdithat the Metro Detroit Region

had the greatest number of projects with claims filed in theeestate agency. It was also

evident from the inventory list of the claims and master spreatithat the Metro Region also

had the greatest number of claims filed and paid-out in the STé.capture any potential

differentiations and distinctive characteristics of the differprdject locations, they were

grouped based on their geographical and physical locations as shdahble 3.3 and explained

in the following sections.

www.manharaa.com



28

3.2.2.1 Geographical Location

Because of its transportation program size and its geograpbiedion in the State, the STA
divided the Metro Region into five (5) Transportation Service Cen(@SCs). This
decentralized approach allowed each TSC to closely managentprojects with full control of
its management and coordination. The rest of the State outsiddethe Region was also
divided into different regions with each region office having a egertamber of TSCs. For the
purpose of this research and based on the size of the program and the afuctdoms filed in
the state agency, it was decided to keep the rest of thelstaped into a separate area as

indicated in Table 3.3.

Table 3.3 Groupings of Category No.2 “PROJECT LOCATION”

Project Location Locations No. of Projects
Geographical Location Metro Region TSC 1 47
Metro Region TSC 2 64
Metro Region TSC 3 32
Metro Region TSC 4 35
Metro Region TSC 5 38
Rest of the State 42
National Highway System
Physical Location (NHS) 45
State Trunk Line System 138
Local Agency System 75

3.2.2.2 Physical Location

It is also shown in Table 3.3 that the transportation projects teirvthe STA can be grouped,
based on their physical location and jurisdictional responsibility,pragects that are located on
the national highway system (NHS), projects that are locateche@rState Trunk-line, and
projects that are located on a local agency route. Local iegenwlude all the local

governments that receive money from the State and/or the fedevarngent for the
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improvement and maintenance of their transportation system, stiocbsaslocated in cities and

counties.

It is important to note that there are three different and possigsight requirements during
the design and the construction implementation phases on projeds tled STA that are
dependent on the location and the funding types on these projects. TAh&n& the Federal
Highway Administration (FHWA) closely monitor all projects tlat located on NHS in the
design, construction and final closeout phases. Projects that atedlamn the local agency’s
route are closely managed by the local agency’s own staff oomsultants and require minimal
supervision from the STA and FHWA. Projects that are locatethe@rState Trunk-lines are
managed by the STA’s own staff or its consultants and alsoreeoumimal oversight from the

federal government.

3.2.3 Contracting Factors

Projects let through the bidding process at the STA are addedis¢he State’s web site on a
regular basis per a specific monthly schedule throughout thie fAza-qualified bidders can bid
on any state project according to the bidder's pre-approved sdfsiatifications and the

matching project’'s scope of work. Before the project is agdarid the lowest responsible
bidder, an exact match of the contractors’ approved qualificationshengrojects’ specific

requirements have to be confirmed.

For the purpose of this research, six (6) groupings were created. Thesenhex of bidders on
the project, the letting schedule, the number of the projects in the letting, theyidétite prime

contractor, the number of subcontractors working on the project, and the perceetraqdi
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achieved of the disadvantage business enterprise participation as displ&gbtei3.4; the

details are given in the following sections.

3.2.3.1 Number of Bidders

The number of bidders on each project may differ based on the tiniee ofear and the
availability of local contractors to perform the work taking inteaunt the project's scope of
work, construction timetable, as well as other specific req@nesnas stipulated in the contract
documents and the plan and proposal. The number of bidders on each prejeategarized
into fewer than five (<5) bidders and five or more bidders. The nyjoirithe projects let at the
STA had more than five bidders on them. The wining bid, based on the geqgaimtement, is
the lowest responsible bidder. The cost has to be the lowest amomgttioé the bidders and
the bidder has to be qualified to do the work stipulated in the bid epqemt. All bidding
contractors have to be already approved to bid and to do work on the §j€atpifor specific
project size, magnitude, and scope of work. Bidders who are not quédifaad work with the
STA are not considered in the bid evaluation. Contractors who are agpoode specific work
on STA projects can not bid on projects that they are outside ahemis of expertise and

gualifications.
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Table3.4 Groupings of Category No.3 “CONTRACTING FACTORS”

Contracting
Factors Classes No. of Projects
No. of Bidders Fewer than five (1-4) Bidders 121
Five or more Bidders 137
Letting
Schedule Winter Season 90
Spring Season 58
Summer Season 35
Fall Season 75
No. of
Projects in a
Letting Fewer than fifty (<50) Projects 78
Between fifty and hundred (50-100) project 87
More than hundred (>100) projects 93
Prime
Contractor
Identity Contractor A 29
Contractor B 34
Contractor C 35
Contractor D 37
Contractor E 42
Contractor F 36
Other Contractors (G) 45
No. of
Subcontractorg Fewer than ten (<10) subcontractors 87
Between ten and fifteen (10-15) subcontract 66
More than fifteen (>15) subcontractors 105
DBE
Participation Less than five percent (<5%) 95
Between five and fifteen percent (5-15 %) 111
More than fifteen percent (>15 %)
subcontractors 52

3.2.3.2 Letting Schedule

Each month and throughout the year, the STA let a certain number eftprjto construction

immediately or soon after the completion of the project’s demmghthe quality reviews. These
projects include all state and federally funded projects desibggethe state and the local
agencies. These projects were advertised on the state’s t@dbrsa minimum of three (3)

weeks and as long as six (6) weeks based on the size and coynpfekieé project. For the

period that the research data were generated, the projeotsnmaster spreadsheet were divided
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into four (4) seasons according to the month the project was lbelyTtA. Every month about
the same time, the STA agency let a certain number of pragjactse STA website for the
contracting community to bid on them. The initial analysis of tlastar spreadsheet revealed
that STA advertises most of its projects during the fall andewis¢ason to accommodate the
request of the contracting community. These four seasons apHoagsf Winter Season that
includes January, February, and March; Spring Season that includés Mayi and June;
Summer Season that includes July, August, and September; andekatinSthat includes

October, November, and December.

3.2.3.3 Number of Projectsin a Letting

The number of projects in a letting is not a fixed number but rathember that is based on the
availability of design projects ready to be advertised anduhiable funding. The number of
projects included in the master spreadsheet varied from assféftyg50) projects to as many
as one hundred twenty (120) projects in a specific letting. The mumbsach letting was
classified as fewer than fifty (<50), between fifty and one huh@®8-100), and more than one

hundred (>100) projects in a letting as indicated in Table 3.4.

3.2.3.4 Prime Contractor I dentification

Every project at the STA was awarded to the lowest responsildepee-qualified bidder
according to the STA'’s predetermined criteria and taking intoideragion the magnitude of the
project and matching the contractor’s qualifications and the project'sisi@@W. In the Metro

Region due to its location in the state and due to the magnitude girdjezts and their
complexity, the majority of the projects were awarded toedat group of local prime

contractors based on their qualifications and ability to work ine&rarsetting. These prime
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contractors were coded as Contractor A, B, C, D, E, F, and G (foothiee contractors) as

indicated in Table 3.4.

3.2.3.5 Number of Subcontractors

The number of subcontractors was different for most of the pr@eadisanged from zero (0) to
as many as fifty (50). The number also depended on the SOW, thaf #iweproject, and the
pre-qualifications of the prime contractor doing all or some path@fwork. This number is
determined by the prime contractor making the bid on the project to allow it to dutiteeneork
of the project with the required STA’s requirement that prime can sublet as msistygpercent
(60%) of the entire work but has to perform a minimum of forteet (40%) of the awarded
projects. Contractors based on their set of skills and experiiszeditthe services of
subcontractor to complement their work and qualifications. They dodtivang the bidding
process where they solicit the bids of other smaller contraitdys their subcontractors on the
project. The number of subcontractors was classified as feweffitlea(<5), between five and

fifteen (5-15), and more than fifteen (>15) subcontractors on a project as shovinheil3.Aa

3.2.3.6 DBE Participation

Based on the type of funding (local, state, or federal) and thecprsgope of work, a great
portion of the projects required some work to be performed by advistaged business
enterprise (DBE) subcontractor. The DBE requirements ranged Zero percent (0%) on
some state and locally funded projects to as high as fifteen péice) or more on some
federally funded projects. This required percent participationaisdated on federally funded
projects based on the type of work, location of qualified DBE contsaebthe area of the

project. The federal requirement do not apply to projects teagrdirely funded by state funds,
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but the STA sometimes include a required DBE patrticipation iftope of work can allow for
DBE participation available for the project within a certain gaphical area. DBE participation
requirements on the projects were classified as less thapdiecent (<5%) of the total project
value, between five and fifteen percent (5-15%), and more thannfifieecent (>15%) on a

project as shown in Table 3.4.

3.2.4 Scope of Work

As stated previously, projects that were let through the STbeadivided into at least four (4)
groupings based on the location of the project in the transportati@msysiad, bridge, NHS,
etc) and the relevant scope of work (reconstruction, rehabilitaieh, ITS, etc). Projects that
entail road work (reconstruction or major resurfacing) are grouped twatiprojects. Projects
that include rehabilitation or construction work on a bridge are groupédr bridge projects.
Projects that include minor resurfacing, white topping, or crack @ind fepairs on roads or
bridges are grouped under capital preventive maintenance projeciect$that involve work
on traffic control devices, instruments, or signage are grouped ur8egrbjects, which are all

presented in Table 3.5.
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Table 3.5 Groupings of Category No.4 “SCOPE OF WORK”

SCOPE OF WORK No. of Projects Classes
Road 95 Resurfacing
Reconstruction
Bridge 70 Rehabilitation

Reconstruction

Capital Preventive
Maintenance (CPM) 55 Minor Resurfacing

White Topping
Crack and Joint Repair

Intelligent Transportation
System (ITS) 38 Traffic Control Devices

Electronic Instruments
Sighage

3.25 Major Material

Certain road projects required the use of Hot Mix Asphalt (HM#y) fesurfacing and
reconstruction (Figure 3.4), while other road projects requiredusiee of Portland cement
concrete (PCC) products (Figure 3.5). This decision by the STaAllyss based on many
factors including life cycle cost analysis. Bridge projettgically use PCC products for
rehabilitation and may require the use of HMA to resurfaceviéaing layer of the deck. CPM
projects use HMA products for HMA surface repair and miesarfacing projects, and may
also use cement concrete for concrete joint repairs, white topgangréte layer on top of an
HMA layer), and concrete spall (chipping of concrete weasugace) repairs. ITS projects
typically use metal, electrical material and electronidrimsents. Details of the different

groupings of major material used are illustrated in Table 3.6.
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Table 3.6 Groupings of Category No.5 “MAJOR MATERIAL”

Major Material No. of Projects Classes
Hot Mix Asphalt (HMA) 77 Minor Resurfacing
Resurfacing
Reconstruction
Crack and Joint Repair
Concrete 89 White Topping
Resurfacing
Reconstruction
Joint Repair
Others 92 Traffic Control Devices
Electronic Instruments
Sighage

Figure 3.4 HMA Project (Source: MyConstructionPhotos)
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Figure 3.5 Concrete Project (Source: MDOT)

3.2.6 Restrictionsin Contract

Each project had a set of specific restrictions and requirenoérttee contractor during the
construction implementation phase of the project. These special oarditere based on the
uniqueness of each project as it relates to the scope of work, the project lobatmmstruction
schedule of implementation, and other components specific to eachtprdjeese special
restrictions may include requirements to coordinate, for the purpos®iatenance of traffic
(MOT) and mobility, with all known and active construction projectstietavithin the project’s
construction influence area (PCIA). Project’'s construction infleearea is the area that is
directly or directly become affected by the constructionvaigton the project. These traffic
restrictions are to allow traffic to get to their destinatibgsproviding alternate routes to the

ones under constructions.

Other restrictions required of the prime contractor by the 8 #e project may require, for the

purpose of maintenance of traffic and mobility, to either performtagign activities on the
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project under the condition of keeping the project partially openeadffact so that the road is
not closed during the project (Figure 3.6 and Figure 3.7) or compldteing the project to

traffic, if the activity are such that they may expose tlaeling public to danger or can

substantially reduce the project duration and cost (Figure 3.8).

Figure 3.6 Project Open to Traffic (Source: MyConstructionPhotos)
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Figure 3.7 Project Open to Traffic (Source: MDOT)

Figure 3.8 Project Closed to Traffic (Source: MDOT)
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Failure to comply with the restrictions stipulated in the contdimtuments, including the
completion of the project by a certain date, may expose the dontragenalties in the form of
payment of liquidated damages for every day that the contraet®rin violation. The lists of

possible restrictions in the contract are illustrated in Table 3.7.

Table 3.7 Groupings of Category No.6 “RESTRICTIONS IN CONTRAC

Restriction in Contract No. of Projects Classes
Coordination with other

Coordination 176 Projects
Open to Traffic During

Mobility 204 Construction

Liquidated Damages in

Financial 258 Contract
Final Completion Date
Schedule 258 Stipulated in Contract

3.2.7 Project Administration

For the purpose of this research, the projects were only examinmedy dbhe design and
construction phases. The planning, initiation and closeout phases of tre’'pidge cycle are
not discussed. Based on the funding source and the location of the projeettansportation

system, the administration of the project may differ as illustratedbieT3a8.

Table3.8 Groupings of Category No.7 “PROJECT ADMINISTRATION”

Project Administration No. of Projects Classes
Design Team 154 State Agency
65 Consultant
39 Local Agency
Construction Team 82 State Agency
150 Consultant
26 Local Agency
Specification Book 190 1996 Specification Book
68 2003 Specification Book

Projects that are located on the NHS are designed and admuhidteneg the design phase by

the STA or its consultants with the federal government’s activelvement. The STA or its
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approved consultants design projects that are located on the Siatelime and the federal
oversight is minimal. Similarly, the local agency or itsiglested consultant designs projects
that are located on the local agency routes with minimal d&deersight. The same is true for
the construction administration of the projects. STA personnel aleggjnated consultants
manage the projects that are located on the NHS and the Statk-lifes during the
construction phase. Projects that are located within the lgesicy's jurisdictions are also
managed during the construction implementation by the local ggewoevn staff or its

designated consultants.

3.2.8 Financial Factors

Project design engineers of the STA develop estimated comstracists for the entire project
prior to its advertisement. This estimate is used for budgetimpges and program planning.
In developing the estimate, the engineers use a set of sstblverage costs for each pay-item
in order to come up with the project’s entire estimated cost. ddis set, however, does not
capture the uniqueness of each special pay item on any giverttpboferather utilizes a

statewide average of most common pay items.

Projects’ bids sometimes come in lower than the engineeisagst, and sometimes they come
in higher than the estimates. Very rarely, they come in allmutséame as the engineer’s
estimates. The difference between the engineer’'s estioratéhe project and the lowest
responsible bid was analyzed in this study under three (3) diffsenarios for when the
difference is less than five (5 %) percent, between five emgbércent (5-10%), and more than

ten percent (10%). The details of the financial factors are shown in Table 3.9.

www.manaraa.com



42

Table 3.9 Groupings of Category No.8 “FINANCIAL FACTORS”

Financial Factors No. of Projects Classes
< 5% diff between Eng. Es}.
Engineer’s Estimate 132 and Lowest Bid
5-10% diff between Eng.
60 Est. and Lowest Bid
> 10% diff between Eng.
66 Est. and Lowest Bid

3.2.9 Quality Factors

During the construction of the project, changes in quantities, scope kf evasther conditions
that may affect the cost, schedule, material, or quality reqaimsmmay take place. This
research captured such changes by considering the number of comtdifatations (CMs) in a
single contract. Depending on the measurements and payment afaihged pay-item(s) an
increase or decrease of quantity and, or payment may be requirdds research, the numbers
of the CMs were examined if they were fewer than twenty (@@}, twenty to fifty (20-50)
CMs, and more than fifty (50) CMs as shown in Table 3.10. Thesesravege developed that
divided the list of projects into three subcategories with alraqaal numbers of projects in

each.

As stated previously, projects that were considered successfutatingn the scope of work,
initial cost and schedule, as well as the quality requiremedtsai have any CM and were
included in this research for analysis. Additionally, projects dichinot have a claim filed but
had contract modifications were not included in this researcmédysis and can be evaluated in

future researches.
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Table3.10  Groupings of Category No.9 “QUALITY FACTORS”
Quality Factors No. of Projects Classes

Number Of Contract < 20 Contract

Modifications 75 Modifications
20-50 Contract

96 Modifications

> 50 Contract

87 Modifications

3.2.10 Claim Basis

When a claim was filed for additional compensation, the reasorthdarlaim were identified
and analyzed. The stated reasons were then grouped into two ieatégontract documents
and field conditions) based on the source of the claim basis as shdwblen3.11. Contract
documents basis were due to conditions stipulated in the contract ddsusneh as unique
special provisions or a supplemental specification; scheduling rewnteas stipulated in the
progress clause and schedule; quality issues due to imposed quglitgmeents as stipulated in

the contract to meet certain measurements or tolerances; or errors imthaaitties.

Field condition grouping was based on conditions discovered on the jalusitg construction
implementation such as the discovery of a utility conflict oredifig site conditions than shown

in the plans and stipulated in the contract documents.

Table3.11 Groupings of Category No.10 “CLAIM BASIS”
Claim Basis No. of Projects Sub Class
Field Conditions 13 Utility Conflict
49 Differing Site Conditions
Contract Documents 18 Special Provision Issues
14 Scheduling Issues
87 Quality Issues
30 Quantity Issues

www.manaraa.com



44

Chapter 4 Statistical Methodology

4.0 Methodology Overview

The data described in chapter 3 provide a rich source of informhabean be utilized to study
the characteristics and causal factors of claims in highwagtaiction projects at the state
transportation agency, and to possibly improve on the effectivenessfanehey of projects’
delivery in its efforts in claim management. However, until gusit, these separate data sets
were not integrated and much of it was not utilized for this peesearch or analytical
purposes. As such, the initial task of this study was colledtimglata from the different sources

and presenting it in a single file that could be analyzed and studied.

To accomplish the stated research objectives discussed in Chapteresearch of all of the
claim letters in the metro region was initiated that wasvad by research and collection of all
of the projects that experienced claims in the rest of the STéimilar research was performed
to capture all of the successful projects at the STA that eempleted for the same period
(1999-2010). All of the projects were organized and the project’sfgpadormation were
entered for all of the seventy four specific factors for ysigl These entries were also coded
analysis per LIMDEP [39] requirements as detailed in the infttlewing sections and

illustrated in Figure 4.1.
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Collect claim settlement letters in the Metro

Collect all available claim settlement letters from

Collect all projects that were let at the STA but did
not experience a claim and did not have any

Organize all of the projech information and
tabulated the results in a different spreadsheet.

Perform the initial analysis on the data and
identified possible factors that may affect claim

Prepare the database for the analysis using
LIMDEP.

Develop models for claim & payout for

Outline research findings & contributions,

Figure 4.1 Flow Chart for Research Methodology

4.1 Initial Analysis

Initially, all of the claim settlement letters at thegimn office were retrieved, reviewed and
analyzed for specific information related to the project looatthe identity of the contractors
working on the project, the project’s control section (CS) and job nundby ¢onditions that

gave rise to the claim, the amount of the initial claim, thal fsettlement amount of the claim,
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and if the claim was fully or partially paid out. Then the &@ JN were utilized to locate the
plan and proposal for more specific information on the project.itgediditional resources were
utilized such as the financial obligation website, programminigsite bid letting information,
design information, and construction information from the different netraites at the STA.
These sources were used to provide the information needed for @mgystur project specific
variables that were identified for analysis that includedricial information, types of funding,
construction cost, construction implementation schedule and progress, tcamtdifications,
changes in the original scope of work, as well as other contrastdajuality requirements. All
of this information was organized for each project in a spreadskiete the information was
organized and tabulated, a variety of tests were performed to tevaheavariables such as
simple frequency and percentage analysis utilizing MicrosofteExas well as Logistic
Regression Analysis utilizing LIMDEP software [39]. When ithigal analysis demonstrated
that certain factors exhibited significant effects on thdihked of claims and payouts, the rest
of the projects located state wide were also retrievedewed, organized, and tabulated in the
same spreadsheet.

To compare the list of projects that experienced claims tb @ geojects that did not have any
claims and were considered successful in terms of meetirggtipe of work, cost, schedule (as
expressed by the fact that these projects were free ot@myact modification) a state-wide
search in each project type category was initiated thatl@higoing over the list of projects of
each letting at the STA to obtain the project CS and JN and tlidsteionine if a claim was filed
on this project or not. If a claim was not filed on this projesgsearch into the construction
filed to determine if a CM was entered on it or not. Thegqutsjthat had a CM were not

included in the list of the projects. The projects that were cdatpleuccessfully and did not
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have any CM were included in the list for analysis. Thesect&ssful” projects were identified,
retrieved, tabulated, and were added to the same spreadsheet (48)pradjscsoon as the list
was complete and all of the aforementioned projects were oeghaizd tabulated, analytical

tests were performed as detailed in the following sections.

4.2 Frequency and Percentage Analysis

All of the projects’ data in the different categories includedhe master spreadsheet were
analyzed for frequency for each of the categories and their sgbcas by utilizing the
Microsoft Excel Software. Bar charts were created uttjzhe same software for side-by-side
comparison and to identify any trends. Pie charts were alsoauskednbnstrate the percentages

of the different categories and to show simple proportional part-to-whole informati

4.3 Logistic Regression Analysis

Upon completion of the frequency analysis on the data set in thernspseadsheet, logistic
regression analysis employing LIMDEP [39] was performed. gidtec regression is a
mathematical modeling approach (sometimes called the logisidel or logit model) that is
used to examine the probability an event’s occurrence by fitlitg to a logit function curve
that takes on the shape of the letter S. It demonstradgsti function, with G, on the horizontal

axis andf (Cam) on the vertical axis. The S curve demonstrates when the hiligbaf a Claim

increases the probability of the No Claim decreases and/@isa. If the claim probability is 1 then the
probability of a no claim outcome is zero (0). The same cdhustated for a payout and a no payout
when a claim is filed. In other words, if the likelihood gfayout is increased then the likelihood of the

payout is decreased. And if the likelihood of the payout is 1 the likelihood of the no payout is zero

(0).
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According to Sanford and Weisburg [40] a binomial regression model is a tecimigheh the
response (often referred to as Y) is the result of a sefiBernoulli trials, or a series of one of
two possible disjoint outcomes (traditionally denoted "success" or 1, ahaéfar 0). Logistic
regression modeling technique has been utilized on studies in highway camstsuntlar to the
one that was performed by Ford [41]. In that research, Ford ndodbke effect of
constructability reviews on reducing highway construction projdutdide without increasing

cost.

Like any other model building technique, the goal of the logistiessgwn analysis is to find the
best fitting and most parsimonious, yet reasonable, model to deberibaationship between an
outcome and a set of independent (predictor or explanatory) vari@@es The logistic
regression does not have the requirements of the outcomes to be naistalyted, linearly
related, nor have equal variances within each group [42]. Cohen et atdA8luded that
logistic regression analysis extends the techniques of mulggiession analysis to research
situations in which the outcome variable is categorical, whilatinegression analysis is mainly

used for continuous variables.

UNESCO Institute of Statistics [44] identifies a variable sy measured characteristic or
attribute that differs for different subjects such as the vfperoject, material used, final cost,
and number of subcontractors working on the project. Variables caqualdative or
guantitative. A quantitative variable is measured on a numeric oritgtiaet scale for which
meaningful arithmetic operations make sense such as the dbst pfoject and the number of
contract modifications. Variables that are not quantitative are rkrasvqualitative variables,

and are called categorical variables. Categorical variatdgsbe coded similar to a quantitative
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variable by arbitrarily assigning numbers or values to categosiech as a project where no
claim is filed will be assigned the number zero (0) while agotoyith a claim filed is assigned a
value of number one (1). For the subsets of category 1 (claim, fgqapject with a claim paid
gets a value of number one (1) assigned to it, and a claim tisatieveed (not paid) will be
assigned the value of number zero (0). Additionally, in an expetjrttee independent variable
is the variable that is varied or manipulated by the researahé the dependent variable is the

response that is measured (Happner et al.) [45].

The logistic regression model uses the independent variables, whicbhecaategorical or
continuous to predict the probability of specific outcomes (dependergbhMgr For this
research, the logistic regression analysis was performed UBHIQEP [39] to test all of the
independent variables individually and collectively on the dependent \earalnl any of its
possible outcomes utilizing a variety of logistic regressionyaisasuch as the binary logistic

and multinomial logistic regression analysis as detailed in the followoimpss.

4.3.1 Binary Logistic Regression Analysis

Binary Logistic regression atels the relationship between indicator variable and the response
variables in a data set. Simple linear regression is usedyntairdxamine the relationship
between a single indicator variable and a single response earlilen there are several
indicator variables, similar to this research, multiple regoassare used. However, often the
response is not a numerical value. Instead, the response is simgéygaation of one of two
possible discrete outcomes (a binary response such as claimalaimpopayout vs. no payout)

is utilized.
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Logistic regression software (such as LIMDEP [39)es maximum likelihood estimates to model
parameters and can also generate diagnostic plots which candie identify data that are not
well-fitted (Agresti and Alan)46]. Binary logistic regression test was used in thisareseto
determine the specific project factors that affect the prgeiome in terms of whether a claim
is filed or not and, further, whether the claim is paid out or Adte analysis was used on the
entire independent project-specific factors one at a time (indiWgluand collectively
(simultaneously) to determine all the significant factors mhay affect each outcome (claim, no

claim, payout, and no payout).

4.3.2 Multinomial Logistic Regression Analysis

A multinomial logistic model is a regression model which gdirem the binary logistic
regression by allowing more than two discrete outcomes. It is a modd tisztd to examine the
probability (or likelihood) of the different possible outcomes of aegatically distributed
dependent variable, given a set of independent variables (whiclbenegntinuous, binary, or
multinomial). It is used when the dependent variable in questicatégorical and consists of
more than two categories. It is appropriate in cases wheressponse is not ordinal in nature
and there is no apparent order. This model assumes that datasergpeaific; that is, each
independent variable has a single value for each case. In thischetes test was performed on

the claim, no claim, payout, and no payout with keeping one of these options as theebase i

4.4  Modeling
To gain some insight into the factors that significantly adffde likelihood of a claim outcome, two
statistical models were developed for this research;mddel of the probability of the project having a

claim; 2) a model of the probability of a project with a cldiled being paid out. These models involve
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discrete and binary outcomes (having a claim filed or not,aamcfiled paid out or not). The
binary/multinomial logit formulation is an appropriate modelingtmodology for all of these cases. To
arrive at this formulation, a linear function of covariatest etermine the likelihood of projathaving

discrete outcome(i.e. having a claim) as:
Hin :ﬂixn+gin’ (41)

whereX, is a vector of measurable characteristics that deteroiteome (e.g., type of project, type of
major material used, any of the contracting factor, gfci¥, a vector of estimable coefficients, anpdis
an error term that accounts for unobserved factors influencingfingsoutcomes. McFadden [49] has
shown that ifs;, are assumed to be generalized extreme value distributedatitlirsl multinomial logit

model results,

P (i) exp[ X, ]

_ 2l 4.2
> exp[ B, X, ] (42

whereP,(i) is the probability that projecthas discrete outcomendl is the set of possible outcomes.

The general equation (4.2) can be simplified anthér expressed for each outcome by the

following equations:

@ Udiaim

P(Claim=1) = (4.3)
e Uclaim +e U no Gaim

or
@ U N0 Gaim

P(No Claim=1) = (4.4)
@ Utiaim 4 o, U no gaim
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The relationships can also be expressed in theviolly general algebraic equations (4.3) and

(4.4):
U claim = Boclaim * PiciaimX1 + BaciaimX2 + ... +BnclaimXn (4.5)
U no claim = Pono claim + BinoclaimX1 + B2no claimX2 + ... +BnnociaimXn (4.6)

Wherep;is are the estimated coefficients ang Xre the projects’ significant indicator variables.

Similarly, for the payout outcome, the equations take the form of the following equations

(4.5) and (4.6):

e U payout

P(Payout=1) = 4.7)
e U payout+ e U no payout

or

U payout= Bo Payoutt B1 PayoutX1 + B2 PayoutX2 t ... +PBn PayoutXn (4.8)

For the no payout outcome, the equation can béenrds shown in equations (4.7) and (4.8):

e U no payout

P(No Payout=1) = (4.9)
e U payout+ e U no payout

or

U No Payout: BO Payout+ Bl Payoutxl + BZ Payoutxz + ... +Bn Payoutxn (4-10)
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In order to start analyzing the different variabkslection of all the statistically significan(®
confidence) independent variables was performeddd this, a stepwise selection process was
used that included a forward selection and backwéndination. Forward selection was utilized
by starting with the constant-only model and addiagables one at a time in the order that they
were best by established criterion until the cuteffel was reached (until the step at which all
variables not in the model have significance higtem .05) The independent variable with
highest chi-square value that met the p valueraitevere selected. This process was repeated
until no further independent variable with a sigraht p value existed. Backward elimination
started with all variables and deleted one at &.tim the order they were farthest by the
established criterion. The two selections methmdside the same list of significant variables

and their results were tabulated.

Maximum likelihood estimation, MLE, is the methosed to calculate the logit Coefficients for
the parameter estimation and to determine the peeamthat maximize the probability of the
outcome. This method assured, from a statispcait of view, the application that would
maximize the probability that would yield good satal properties.
The test statistic used to test the hypothesisthea3 -test that could be written as:

To = Bi/ (SE B) (4.112)

Null hypothesis was rejected in favor of the alégenhypothesis when:

To>t/ 2,02 (4.12)

Variables that had ,>2.0 and P<.05 would be significant at 95 % sigaifice level were used

in this research.
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4.5 Elasticity Calculations
To assess the effect of the vector of estimatedficieats (Bi), @asticity Calculationswere

completed for each significant project indicatoctéet. Due to the fact that in this research the
project’s indicator variables take on the value® @nd 1, the measure of the sensitivity of the
indicator variables (elasticity calculation) is doiected by computing pseudo-elasticity. Pseudo-
elasticity is defined as the percentage changedrptobability of an outcome when an indicator

variable is changed from zero (0) to one (1).

The following equation is used to calculate pseeldsticity where [ is the set of alternate
outcomes with x in the function determining the outcome, and Ithe set of all possible

outcomes (Washington et al. [47].

[ edapx Iz ens )
X exp[A(ﬂiXi)}z exdB,x, )+ Y. exps,x,)

Vi, TR

~1|x100, (4.13)

Where |, is the set of alternate discrete outcomes Wijhin the function determining the
outcome, and is the set of all possible discrete outcomes. [$eudo-elasticity of a variable

with respect to a discrete outcome representsahzept change in the probability of outcoine

when the variable is changed from zero to one. sThupseudo-elasticity of 40% for a project

indicator variable means that when the value ofvliréable in the sub-set of observations where

X = 0 are changed from 0 to 1, the probability of diécome for these observations increased,

on average, by 40%. Washington et. al. [47] ha®raplete discussion of elasticities in the

context of statistical and economical models.
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The relative elasticity calculated and shown i tigisearch is demonstrated by the following
eqguations:
P (Claim/X=1)

Elasticity for a specific project indicator for litn outcome = (4.14)
P (Claim/X=0)

P (Payout/X=1)
Elasticity for a specific project indicator for ayput outcome = (4.15)
P (Payout/X=0)

The results are tabulated and discussed in theAfml Chapter (Chapter 5).
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Chapter 5 Results and Discussion

5.0 Analysis Summary

This study relied on logistic regression analygesxamine the relationships between the claim
outcomes and project specific factors. The datawaealyzed using computer programs such as
Microsoft (MS) Excel and LIMDEP [39]. The initiést utilized the frequency analysis built in
Microsoft Excel to determine the frequencies ofreaccurrence listed in the master spreadsheet
and to get a general idea about the breakdownd tieafactors to be analyzed. The logistic
regression analysis was utilized to examine theceféf all the specific project factors on the
dependent variable outcomes (filing or not filifgacclaim, paying or not paying out on the filed
claims). Using LIMDEP [39] and its logistic regsgsn analysis and modeling features, the
project factors covered in Chapter 4 were analymédd/idually for their likely effects on all
possible claim outcomes. It is important to mamtihat partial payment on claims was
considered as payment for the purpose of this aisalgs the additional breakdown was not
practical for this limited set of data that wasreutly available. The project factors were
examined simultaneously in a binary analysis tewheine the likelihood of a claim vs. no claim,
and a payout vs. no payout. The project factorsewaso examined simultaneously in a
multinomial logit analysis (MLA) to determine therobable effects and likelihood on any and

all of the possible claim outcomes.

Other analyses were utilized such as the mixed kalysis and the nested multinomial logit

analysis, but they showed no significance, so&lalts were not included in this dissertation.
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5.1 Frequency Analysis

All of the organized data categories in the maspreadsheet (MS) were analyzed for

frequencies and percent breakdown utilizing thections readily available within MSFT Excel

software. As discussed in Chapter 3, the totalbemof projects that had claims filed was 211,

and the total number of projects that were sucadgsfompleted (i.e., met their original scope

of work, budgeted cost and duration, and were cetaglwithout any contract modifications or

claims) was 47.

Table5.1 Frequency Analysis and Percent Distributions ofjBcts Breakdown
Projects Breakdown No. of Projects (Frequency) Percent
Projects with claims filed 211 81.78%

Successful projects ( no
claims filed & no CM) a7 18.22%
Total projects 258 100.00%
Projects with claims paid
out 118 55.92%
Projects with claims not
paid 93 44.08%
Total projects 211 100.00%

Table 5.1 shows the frequency of claim outcomeslbthe projects that were included in the

master spreadsheet.

It shows that projects wigldl ftlaims exhibited the highest frequency

among all of the analyzed projects. They wereofodld by projects with claims paid out and by

those projects that had their claims denied fonpant

(See Figure 5.1). Projects that were successfoltypleted and without claims constituted about

20% of the total projects included on the list.
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No. of Projects in Each of the Claim Outcomes

250
200
150
100

50

No. of Projects

No Claim Claim Filed Claim Paid Claim Not Paid

Claim Outcome

Figure 5.1 Breakdown of Projects in Each of thar@l@utcomes

The claims that were paid constituted about 56%hefprojects that had claims filed, and the

projects whose claims were denied constituted adéUt as illustrated in Figure 5.2

Percent Distribution of Claim Payout Outcomes from Claim
Filed

55.92%

60.00% -
50.00% +
40.00% +
30.00% -
20.00% -
10.00% -~

0.00% -

Claim Paid Claim Not Paid

Figure 5.2 Percent Distribution of Claims PaidNst Paid

Table 5.2 shows the projects that were let in 20E)6 and 2008 exhibited the highest
frequencies in the analyzed list of projects, armgets on the list that were let in 1999, 2000,

and 2010 exhibited the least frequency.
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Table5.2 Frequency Analysis and Percent Distributions ofjBcts Letting Year

Letting
Year | Frequency | Percent
1999 4 1.55%
2000 5 1.94%
2001 10 3.88%
2002 6 2.33%
2003 17 6.59%
2004 17 6.59%
2005 44 17.05%
2006 55 21.32%
2007 18 6.98%
2008 46 17.83%
2009 30 11.63%
2010 6 2.33%

Table 5.2 shows that only six (6) projects werduded in this analysis for projects that were let
and constructed in 2010. This was due to thetfadtthis analysis started before the conclusion
of the 2010 construction season and only projéaswere either successfully completed or had
their claims settled were included in the list &mralysis. Records for projects that were let and
constructed prior to 1999 were not available fas @nalysis. Projects with available records

between 1999 and 2002 totaled only 25 projectfiestrated in Figure 5.3.

Project Distribution Based on Letting Year

55
44 46
40 - 30
17 17 18
20 + 10 6 6
ol L] [] [ ]
0 — [ M : |-

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Letting Year

Number of Projects
w
o

Figure 5.3 Breakdown of Projects Distribution Based_etting Year

Table 5.3 and Figure 5.4 show that the number ojepts with claims filed for 1999 through

2002 were fewer than ten (10) projects for eacthefyear analyzed. The number of projects
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with claims filed for 2003 and 2004 were fewer tiaenty projects for each year. The analysis

also show a significant increase in the numbeitaifrs filed with STA in 2005.

Table5.3 Breakdown Analysis of Projects in the Master List
No. of “Successful”
Total No. of projects No. of projects | projects ( no claim filed
Year in the master list with a claim filed & no CM)
1999 4 1 3
2000 5 1 4
2001 10 9 1
2002 6 3 3
2003 17 14 3
2004 17 16 1
2005 44 39 5
2006 55 48 7
2007 18 15 3
2008 46 34 12
2009 30 26 4
2010 6 5 1
Total 258 211 47

No. of projects 150

Breakdown of projects on the list

300

250

200

—e— Total No. of Projects
in the master list

e

100 -
50 -
0 =

T T T T T T 1

—m— No. of projects with a
claim filed

No. of projects with
no claim filed

1999 2002 2005 2008 Total

Year

Figure 5.4

Breakdown of Projects in the Master List
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Table 5.4 and Figure 5.5 show that starting wit@128 great number of the projects analyzed in
this research had claims filed. The percentageged from 50% to 94%. The overall

percentage of projects with claims in the list kedeabout 82%.

Table5.4 Number and Percent Distribution of Project with Diea

No. of projects inthe| No. of projects | Percent of projects with
Year master list with a claim filed a claim filed
1999 4 1 25%
2000 5 1 20%
2001 10 9 90%
2002 6 3 50%
2003 17 14 82%
2004 17 16 94%
2005 44 39 89%
2006 55 48 87%
2007 18 15 83%
2008 46 34 74%
2009 30 26 87%
2010 6 5 83%
Total 258 211 82%

Breakdown of Analyzed Projects
300
@ 250
_aoi 200 @ No. of pr.ojects in the
o master list
= 1507 m No. of projects with a
“6 .
o 100 claim filed
Zz 50 |:| [I I:I
0 _
) &y o) » A O >
) Q Q Q Q Q N
S I S R
Year

Figure 5.5 Projects with Claims vs. Total Projects

Table 5.5 and Figure 5.6 show that starting witl@®2@here is a noticeable decrease in the

percentage of projects that did not have a claied fi The percentage of projects in the list that
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In 2002, that

percentage was 50%. Starting with 2003, there avgeeat decrease in the percent of projects

that did not have claims filed. The overall petege of projects in the list that did not have a

claim filed was about 18%.

Table5.5 Number and Percent Distribution of Projects with@iaims
No. of
“Successful” Percent of successful
No. of projects in the| projects (no claim| projects (no filed claim
Year master list filed and no CM) and no CM)
1999 4 3 75%
2000 5 4 80%
2001 10 1 10%
2002 6 3 50%
2003 17 3 18%
2004 17 1 6%
2005 44 5 11%
2006 55 7 13%
2007 18 3 17%
2008 46 12 26%
2009 30 4 13%
2010 6 1 17%
Total 258 47 18%
Breakdown of Projects with no Claims Filed
300

i)

2 250

9 500 | @ No. of pr_ojects in the

o master list

5 150 . .

= m No. of projects with no

& 100 claim filed

E 50 1

Z 0 '_'_'__\'_' \'_'_\I_I_\I_I |_|_\ \I_I_\|_LT|1T=_F

) % O 2 QA ) >
S Q Q Q Q Q N
S M I R P
Year
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Table 5.6 shows the projects located in Metro Redi8C 2 exhibited the highest frequency,

followed by TSC 1, and the rest of the state. dutgj located in the Metro Region TSC 3

exhibited the lowest frequency in the list of azaly projects.

Table 5.6 Frequency Analysis and Percent Distributions ofjecbLocations
| Geographical Location No. of Projects (Frequency) Percent
Metro Region TSC 1 47 18.22%
Metro Region TSC 2 64 24.81%
Metro Region TSC 3 32 12.40%
Metro Region TSC 4 35 13.57%
Metro Region TSC 5 38 14.73%
Rest of State 42 16.28%
Total 258 100.00%
Physical Location Frequency Percent
National Highway System 45 17.44%
State Trunk-line 138 53.49%
Local Agency Route 75 29.07%
Total 258 100.00%

Projects that were located on the state Trunkdiystem also exhibited the highest frequency,

followed by local agency, and those projects latab® the National Highway System as

illustrated in Figure 5.7.
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No. of Projects at each Geographical Location
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Figure 5.7 Breakdown of Projects Based on Geogcaphbcations

Table 5.7 shows the projects that had five (5) orenbids had the higher frequency on the list
and was followed by those projects that had fewan tfive bids on them in the bidding stage.
Projects that were let during the winter and thié daason exhibited the highest frequency,
followed by projects that were let in the springldhe summer seasons as illustrated in Figure
5.8. Projects on the list that were let with mthran a hundred other projects were the most on
the list. Contractor G was awarded most of thgegts on the list, followed by contractor E,
while contractor A was awarded the least numbegarofects on the list. Projects that had more
than fifteen (15) subcontractors working on themmstituted the majority of the analyzed
projects, while projects that had a number of tefifteen subcontractors working on them were

the least on the list of projects as illustrate&igure 5.9.
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Table5.7 Frequency Analysis and Percent Distributions of {€acting Factors

Category Variables Frequency
Number of Bidders Fewer than 5 121
More than 5 137
Total 258
Letting Season Winter Season 90
Spring Season 58
Summer Season 35
Fall Season 75
Total 258
No. of Projects in a Letting Fewer than 50 in a letting 78
50 to 100 Projects in a Letting 87
More than 100 Projects in a Letting 93
Total 258
Prime Contractor Identification Contractor A 29
Contractor B 34
Contractor C 35
Contractor D 37
Contractor E 42
Contractor F 36
Other Contractors (G) 45
Total 258
No. of Subcontractors on the Project Fewer than 10 Subs on the Project 87
Between 10 & 15 Subs on the Project 66
More than 15 Subs on the Project 105
Total 258
Percent of DBE Participation on
Project Less than 5% DBE Participation 95
Between 5% and 15% DBE Participation 111
More than 15% DBE Participation 52
Total 258
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Distribution of Projects Letting Schedule
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Figure 5.8 Distribution of Projects Based on Lejtifeason
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Figure 5.9 Breakdown of Projects Based on No. &icBatractors
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Additionally, projects that had DBE participatiohten to fifteen (10-15) percent were the most

in the list of projects, and the projects that haate the fifteen (15) percent were the least on the

list of project as shown in Figure 5.10.

Distribution of DBE Participation
111

120
100
80
60
40
20

No. of Projects

DBE < 5% DBE btn 5% and 15% DBE >15%
DBE % Participation

Figure 5.10  Breakdown of Projects Based on DBEi¢ation

Table 5.8 and Figure 5.11 show the projects detegnas road projects, based on their scope of

work, exhibited the highest frequency and wereofe#d, in order of frequency, by bridge, CPM,

and ITS projects

Table5.8 Frequency Analysis and Percent Distribution of R Scope of Work

Scope of Work | Frequency | Percent
Road Project 95 36.829
Bridge Project 70 27.13%
CPM Project 55 21.329%

ITS Project 38 14.73%
Total 258 100.00%
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Projects Distribution Based on SOW
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Figure 5.11  Breakdown of Projects Based on Scop¥aks

Table 5.9 and Figure 5.12 show that projects caootad utilizing material other than concrete or

HMA were the most frequent among the analyzed ptsjdollowed by concrete and HMA.

Table 5.9 Frequency Analysis and Percent Distributions of ddadflaterials

Major Material
Used Frequency | Percent
HMA 77 29.84%
Concrete 89 34.50%
Others Material 92 35.669
Total 258 100.00%

Project Distribution Based on type of Major
Material Used

Number of Projects

HMA Concrete Others

Major Material Used

Figure 5.12 Breakdown of Major Material Used
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Table 5.10 shows that all of the projects on teeihcluded liquidated damage stipulation and
final completion date requirements in the contdmtuments. The table also shows that only a

small percentage of projects had constructabiityaws performed on them.

Table5.10  Frequency Analysis and Percent Distributions ofjBcoRestrictions

Contract Restriction Frequency Percent
Coordination w. other known projects in PCIA| 176 68.22%
Open to traffic during construction 204 79.07%

Final completion in contract 258 100.00%
Liquidated damages included in contract 258 100.00%
Constructability review performed 28 10.85%

Table 5.11 shows that most of the projects onitevere designed by the staff directly working

for the STA, followed by projects that were desjiiyy consultants, and the local agency staff

respectively.

Table5.11 Frequency Analysis and Percent Distributions ofjecb Administration

Project Design Frequency Percent

STA Design 154 59.69%
Consultant Design 65 25.19%

Local Agency Design 39 15.12%
Total 258 100.00%

Project Construction Administration Frequency Percent
STA Construction 82 31.78%
Consultant Construction 150 58.14%
Local Agency Construction 26 10.08%
Total 258 100.00%

Applicable Specification Book Frequency Percent
Specification Book 2003 190 73.64%
Specification Book 1996 68 26.36%
Total 258 100.00%

Figure 5.13 also shows that most of the constrogti@jects were managed during construction

by the utilization of consultants, followed by SBAd the local agencies.
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Figure 5.13  Breakdown of Projects Constructionikzition

Table 5.12 shows that most of the projects on igtehbad less than five (5) percent difference

between the engineers’ estimate of constructiontaedowest responsible bidders, followed by

more than ten (10) percent and between five and&etD) percent difference in the list of

projects that were analyzed.

Table5.12  Frequency Analysis and Percent Distributions ofdficial Factors

Financial Factors Frequency Percent
Less than 5% diff between Engineer's estimatg
Lowest Bid 132 51.16%
5-10 % diff between Engineer's estimate &
Lowest Bid 60 23.26%
More than 10% diff between Engineer's estimg
& Lowest Bid 66 25.58%

Figure 5.14 illustrates that projects with 5-10 #tetlences between engineer’s estimate and the

lowest bidder and projects where the estimategyeeater than 10% are about equal to those

projects on the list where the difference is l&ss1t5%.
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Percent Difference between Engineer's Estimate & Lowest
Responsible Bidders
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Figure 5.14  Breakdown of Differences between Edtsmand Lowest Bids

Table 5.13 and Figure 5.15 show that projects lilagt fewer than twenty (20) CMs each were
the least frequent on the master list, while prgjélcat each had between twenty to fifty (20-50)

contract modifications each were the most freqoerthe list followed by those projects that had

more than fifty (50) CMS.

Table5.13  Frequency Analysis and Percent Distributions of @ué#&actors

Quality Factors Frequency Percent
Fewer than 20 CMs 75 29.07%
Between 20 and 50 CMs 96 37.21%
More than 50 CMs 87 33.72%

Contract Modifications in a single Contract

120
100
80
60
40
20

No. of Projects

< 20 CMs 20-50 CMs > 50 CMs

Figure 5.15 Breakdown of the No. of Contract Matdifions in a Single Contract
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Table 5.14 shows projects that utilized the quarmtors in the plan as the basis of their claims

were the highest frequency in the list of projetdipwed by special provision issues. Projects

that utilized utility conflicts, scheduling issueand differing site conditions demonstrated the

least frequencies among all of the projects as showigures 5.16 and 5.17.

Table5.14  Frequency Analysis and Percent Distributions Cl&asis

Claim Basis Frequency Percent
Utility Conflict Basis for Claim 13 5.04%
Special Provision (S.P) Issues Basis for Claif 49 18.99%
Differing Site Conditions Basis for Claim 18 6.98%
Scheduling Issues Basis for Claim 14 5.43%
Quantity Errors Basis for Claim 87 33.72%
Quality Issues Basis for Claim 30 11.63%
Total Projects with Claims Filed 211 81.79%
Basis of Claims
@ 100 87
T 80
S 60 e
%‘ ‘2‘8 1 13 18 14 %0
S R ] 1 ’_‘
= 28 w5 o 2 2 2, 29
St 82 S22 & §g %3
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Figure 5.16  Breakdown of Claim Basis
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Claim Basis
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m Special Provision
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O Scheduling Issues
m Quantity Errors

@ Quiality Issues

Figure 5.17  Percent Distribution of Claim Basis

5.2 Logistic Regression Analysis

As discussed in the previous chapter, logisticasgjon models were developed in this research
to determine the various factors that can affegtarthe possible outcomes of claims. LIMDEP
Version 9 software is used for the analysis aiawes flexibility in terms of model specification
(Greene. 2002) [50]. The initial test was to exaaneach individual project variable on its own
merit to determine its significance and likely effeon the possible claim outcome. The
following test was to examine all of the differéattors simultaneously on a claim filing vs. no
filing and a claim payout vs. non-payment of aditdaim. The final analysis was performed to
simultaneously determine all of the significant jpob factors that affect all outcomes as the

following sections detail.

5.2.1 Individual Variable Analysison the Filing of a Claim
The following analysis performed on the data se$ veaexamine each individual and specific

project variable, on its own merit using LIMDEP tsedre, to determine its significance and
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likely effect on filing, not filing, payout, or nepayout of a claim. The results are tabulated and

organized based on the four (4) models that include

e Filing of a claim,

e Claim not filed,

e Payment of a filed a claim, and

e No payment of a filed claim.

The results of the analysis are organized witlofathe significant factors and the values of their
coefficient, standard error, T-Statistics, P-VaJuesd logit elasticity calculations. Brief

explanations of these values are explained asafsl(®@Vashington et al. (2003) [51] :

e Coefficient: A positive coefficient means the véla is more likely to result in the
outcome, while the negative coefficient means traatable examined is less likely to
result in the outcome. The positive coefficientamy factor suggests that an increase in
that factor gives a higher probability of an affative claim outcome and the negative
coefficient suggests that an increase in that fagitees a higher probability of a negative

outcome.

e Standard error is the standard deviation of theram the sample mean relative to the
true mean, or the difference between the estimadetlze true value and it measures the
precision with which an estimate from one samplpr@axmates the true population

value. The lower the value of the Standard etrembore fitting the model is.
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e T-Statistics is a measure of how extreme a stedisgstimate is and the hypothesized
value is reasonable when the t-statistic is closeero. The hypothesized value is not
large enough when the t-statistic is large positarel an indication that the hypothesized
value is too large is when the t-statistic is langgative. It is measured by dividing the

coefficient by the standard error values.

e P-Value is a measure of how much evidence we hgamst the null hypothesis and it is
also a measure of how likely we are to get a aersample result or a result “more
extreme,” assuming null hypothesis is true. Thelleméhe p-value, the more evidence
we have against the null hypothesis. If the P-vaddess than or equal to type 1 error rate

a then the null hypothesis is rejected [48]

e Logit elasticity is a measure of responsivenes®r# variable to changes in another
variable and is calculated by dividing a percerdnge of an independent variable over

the percent change of the dependent variable sufiing or paying for a claim.

The first model utilized LIMDEP [39] and its Multimial Logit Model (Discrete Choice),
Maximum Likelihood Estimate Function, and resulted list of factors that may individually

affect the likelihood of filing a claim on transpation projects (See Table 5.15).

As the results in Table 5.15 show only one (1)haf twelve (12) sub classes in the LETTING
YEAR Category (See also Table 3.2) showed any fstgmice in the filing of a claim outcome
and that was for projects let in 1999. The ressiiiswed that when the project was let in the
year 1999 using the 1996 Specification Book it wess likely that a claim would be filed

(coefficient of -1.925). This could be due in prtthe limited availability of records for year
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1999 and earlier and the limited utilization of quuter software to store project files at the STA.

The other years did not show any significancelierfiling of a claim by way of this analysis.

Considering the elasticities presented in Tabl® g results show that letting a project in 1999
using the 1996 Specification Book is less likelyrgésult in a claim being filed and utilization of
the 1996 Specification Book in 1999 results in a@rage decline 47% in the probability of filing

a claim.

Three (3) out of the six (6) sub classes in theggggahical location category showed significance
in the filing of a claim; they are Metro Region T3CMetro Region TSC 3, and Metro Region
TSC 4. Metro Region TSC 2, Metro Region TSCris the rest of the state did not show any
significance in the filing of claim by way of thanalysis and were not included in Table 5.15.
The coefficient values for TSC 1 and TSC 3 aretp@siand indicate that projects at these two
(2) locations were more likely to result in a filelhim. On the other hand, the coefficient value
of Metro TSC 4 was negative and indicated thatqmtgj at TSC 4 were less likely to result in
filed claims. This conclusion could be due to mawossible factors related to the type of
projects implemented at these different TSCs, tlope of work, location, or other factors. This

observation can be further studied in future redess and studies.

Considering the elasticities presented in Tablé i results show that a project located at
Metro Region TSC 1 is more likely to result in aiol being filed and an increase in this factor
results in an average 18% increase in the probalofi having a claim filed on it. A project

located at Metro Region TSC 3 is more likely touteg a claim being filed and an increase in

this factor results in an average increase 12%erptobability of filing a claim on it. A project
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located in Metro Region TSC 4 is less likely toulesn a claim being filed and an increase in

this factor results in an average decline 41% énpfobability of filing a claim on it.

Table5.15  Statistics and Elasticity Calculations of Individiactors on Claims

Claim Individual Variable Coefficient | Standard t- P-
Examined Values Error Statistics | Values | Elasticity
Project let in 1999 using old
(1996) Specification Book -1.925 0.48 -3.97 0.0001 -47%
Project located in Metro
Region TSC 1 1.352 0.62 2.18 0.0293 18%
Project located in Metro
Region TSC 3 0.749 0.44 1.71 0.0873 12%
Project located in Metro
Region TSC 4 -1.671 0.5 -3.32 0.0009 -41%
Project let during winter
season 0.89 0.37 2.39 0.0167 16%
> 100 projects in a letting 0.028 0.01 3.2 0.0014 2%
Prime Contractor D 1.992 1.03 1.93 0.0532 21%
Prime Contractor E 1.428 0.75 1.91 0.0559 18%
< 10 subs on project -2.163 0.37 -5.84 <.0001 -35%
10 to 15 subs on project 1.475 0.54 2.71 0.0067 21%
> 15 subs on project 1.423 0.41 3.45 0.0006 24%
< 5 % DBE Participation -1.433 0.34 -4.25 <.0001 -27%
5 to 15 % DBE Participatio] 1.324 0.33 3.95 0.0001 33%
Coordination required w.
other projects within PCIA 1.455 0.34 4.32 <.0001 35%
Open to Traffic Restriction
during construction activitie  1.472 0.35 4.21 <.0001 43%
Consultant utilized during
construction 0.641 0.33 1.97 0.0486 13%
< 20 Contract Modifications| -1.491 0.34 -4.39 <.0001 -26%
> 50 Contract Modifications 2.172 0.61 3.54 0.0004 28%

The results in Table 5.15 also show that five dusig sub-classes in the contracting factors
grouping showed a significant likelihood effect v filing of a claim. The rest of the project
contracting factors did not seem to have any siant effect on the likelihood of filing a claim

on the project by way of this analysis. The resalso show that only projects that were let in

the winter season showed any significant effeatlamm filing way of this analysis. The positive
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coefficient number shows that projects that weterethe winter season were more likely to
result in a filed claim. On the other hand, prtgebat were let in the spring, summer, or the fall
did not have any significant influence on the likebd of filing a claim by way of this analysis.
The elasticity results show that an increase imtimaber of projects let during the winter season

results in an average increase of 16% in the pibtyadf filing a claim.

The results in Table 5.15 also show that only mtsj¢hat were let with more than one hundred
(100) other projects in the same letting showed ttigy were more likely to result in claims but
that number was very close to zero (0). Projestsnith fewer than one hundred (100) other
projects in a letting did not show any significamtehe likelihood of a filed claim by way of this

analysis. In other words, the number of projents iletting did not have that much effect on

filing of claims on these projects by way of thisagysis.

The results show that only two (2) prime contrestd & E) from the list of all prime
contractors (See Table 5.15) working on the analymejects showed any significant effect on
filing claims. The rest of the contractors did shbw any significant effect in the likelihood of
filing claims. The results show that both primetactors D & E had positive coefficients in
this analysis which indicated that they were mdkely to file claims on STA projects. This
could be explained by the type of projects thes#raotors worked on, or indicate that these
contractors were not likely to relinquish the putrgd any claim. This observation needs to be
analyzed and studied in more depth to determinentitigating factors of these circumstances.
Looking at the elasticity calculations (See Tabl&5% show an increase in the involvement of

prime contractor D on transportation projects witthhie STA resulted in an average increase of
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21% in the probability of filing a claim, and arcnease of the involvement of prime contractor E

resulted in an average increase of 18% in the pibtyeof filing a claim.

The results in Table 5.15 show that number of sotvaotors on the project has a significant
impact in this analysis for the likelihood of fignor not filing of a claim for all of the analyzed
categories. For example, when the number of suksxinrs on the project was fewer than ten
(10) subcontractors, between ten and fifteen (10-45d more than fifteen (15) subcontractors
this analysis showed significant results on theliilood of filing a claim or not filing a claim. It

is important to note that when the number of subegtors on the project was fewer than ten
(<10), the project is less likely to have a claifed on it (as indicated by the negative value of
coefficient). When the number of subcontractorstioe project were more than ten (>10)
subcontractors, the coefficients were positive iaditated that the projects were more likely to
result in claims. The elasticity in Table 5.15 shamwincrease in the criteria that a project has
fewer than ten (< 10) subcontractors working oregults in an average decline of 35% in the
probability of filing a claim, between ten and é&én (10-15) subcontractors on a project results
in an average decrease of 21% in the probabilitfiliofy a claim on it, and a increase in the
number of subcontractors to more than fifteen (>dirbjhe project results in an average increase

of 24% in the probability of filing a claim.

The results also show that the percent of participaof DBE subcontractors on the project
seemed to have a significant impact on the likeldhof filing or not filing of a claim. When the

project had less than five percent (<5%) DBE pguditon the project was less likely to result in
a claim as illustrated by the negative value of ¢befficient value. To the contrary, when the

project had more than five percent (>15%) DBE pgoétion, the project was more likely to
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result in a claim as indicated by the positive Goeint value. The elasticity calculations in
same table show an increase in the criteria of tless five percent (<5%) DBE participation
results in an average decrease of 27% in the pildadf filing a claim, and an increase in of
the DBE participation to more than fifteen percerit5%) results in an average increase of 33%

in the probability of filing a claim on the project

The scope of work and whether the project was alRBadge, CPM, or ITS did not affect the
likelihood of a project having a claim filed by way this analysis. This may indicate that there
were not any intrinsic or inherited characterigtithese types of projects and may depend on the
complexity and the characteristics of each prapecits own merit. The major material used on
the project such as Hot Mix Asphalt (HMA), Concteate other material did not have any effect
on the likelihood of filing a claim by way of thanalysis. This could also indicate that there is
not any intrinsic or inherited characteristic i thse of any of these material types. The results
of analysis in Table 5.15 show that coordinatiogureements with other projects within the
Project’s Construction Influence Area (PCIA) and iManance of Traffic (MOT) on such
projects during the construction activities showelaim is more likely to be filed on these
projects. Liquidated damages and final completiates stipulated in the contract did affect
likelihood of a claim filing by way of this analygsi The elasticity results in Table 5.15 show an
increase in the need of the contractor to coordimath other active projects in the immediate
vicinity of the project results in an average irage of 35% in the probability of filing a claim on
the project, and an added requirement on the adotrao maintain traffic open in the
construction area during the construction actigitiesults in an average increase of 43% in the
probability of filing a claim on the same projecin other words, these requirements increase the

probability of claims filed on the project.

www.manaraa.com



81

The results in Table 5.15 show that the utilizatmha consultant during the construction
implementation phase had a significant effect a ltkelihood of a claim being filed on the
project. The elasticity result shows an increasthe utilization of a consultant to perform the
construction oversight on the STA project resultsan average increase of 13% in the
probability of filing a claim on the same projecthis observation can be further studied to
understand the underlying factors that may conteibio increased likelihood of claims on
projects that are managed by consultants. Thédtseaurable 5.15 also show that the number of
contract modifications (CM) during the constructiphase of the project seemed to have a
significant impact in this analysis for the filimg not filing of a claim. When the number of
CMs was fewer than twenty (20), it showed signiiicanpact in this analysis for not filing a
claim as the value of the coefficient was negatarel when the CMs was more than fifty (50) it
showed significant impact for filing of a claim #ee coefficient value was a positive humber.
When the number of CMs was in the range of twenty faty (20-50), the analysis showed no
significance in the filing or not filing of the ¢la. In other words, a project that had fewer than
twenty (<20) CMs was less likely to have a claitedj and when a project had more that fifty
(>50) CMs it was more likely to result in a claiffefl. The elasticity results in Table 5.15 show
that when the project has fewer than twenty (<2Bs@ results in an average decrease of 26%
in the probability of filing a claim. The results the same table show that an increase of the
number of CMs to more than fifty (>50) can incre#fse probability of a claim on a project by
about 28%. In other words, the change in the nurab€Ms from fewer than twenty (<20) to
more than fifty (>50) CMs can potentially incredale probability of a claim filed on the project
by more than fifty percent (50%). This emphastbesimportance of managing CMs on projects

during the design and the construction phases.
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5.2.2 Individual Variable Analysis on Payout Outcomes

The second analysis performed was to separatelyiagaeach project variable and to determine
its contribution to the likelihood of a claim payouTable 5.16 lists the factors that show a
significant likelihood of paying out a claim, whdihed. The analysis was performed using
LIMDEP program and the results are tabulated agdrored the results in Table 5.16 show that
a project located in Metro Region TSC 2 is lesslliko be paid out if a claim is filed; and an
increase in this project factor results show anraye decrease of 69% in the probability of
having the claim paid out at that location. Ajpob located on the NHS is less likely to be paid
out if a claim is filed. An increase in this projdactor results in an average decrease of 32% in
the probability of having the claim paid out. Aofact let during the spring season is less likely
to result in a payout and an increase in this faaeults in an average of decrease 62% in the

probability of having the claim paid out.

On the other hand, a project let during the faflsea is more likely to result in payout and an
increase in this factor results in an average afeiase 65% in the probability of having the claim
paid out. A project that was let with fewer thalityf(<50) other projects in the same letting is
less likely to result in payout, and an increasthis factor results in an average of decrease 51%
in the probability of having the claim paid outA project that was let with more than one
hundred (>100) other projects in the same lettmgniore likely to payout a claim, and an
increase in this factor results in a significardrease of about 238% in the probability of having

the claim paid out.
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Table5.16  Statistics and Elasticity Results of “PAYOUT” Outoes

Payout Individual Variable Standard t- P-
Examined Coefficient Error Statistics | Values | Elasticity
Project located on NHS -0.634 0.34 -1.89 0.0588 -32%
Project let during spring
season -1.486 0.39 -3.84 0.0001 -62%
Project let during fall seasorf  1.033 0.36 2.88 0.004 65%
< 50 projects in a letting -1.086 0.53 -2.05 0.0402 -51%
> 100 projects in a letting 1.747 0.51 3.45 0.0006 | 238%
Road Project -0.571 0.28 -2.04 0.0414 -27%
Bridge Project 0.642 0.28 2.28 0.0224 43%
Project designed by a local
agency 1.134 0.43 2.63 0.0086 68%
Consultant utilized during
construction 1.126 0.67 1.69 0.0912 113%
1996 Specification Book
utilized -0.98 0.29 -3.39 0.0007 -43%
2003 Specification Book
utilized 1.058 0.29 3.67 0.0002 82%
5-10% diff between Eng. Est
and lowest bidder. -0.526 0.32 -1.67 0.0958 -27%
Utility conflict used as the
basis for the claim -2.343 1.05 -2.23 0.0257 -83%
Differing Site Conditions -1.965 0.76 -2.57 0.0101 -76%
Special Provision is Ground
for the Claim 1.022 0.34 3.03 0.0025 65%
Scheduling Issues -1.126 0.67 -1.69 0.0912 -53%
Quantity Errors in the Plan i
Ground for the Claim 1.316 0.29 4.47 <.0001 102%

The results show that a road project is lessyikelresult in a claim payout and an increase in
“road project classification” results in an averatgerease of 27% in the probability of having
the claim paid out. However, a bridge project igrenlikely to result in a claim payout than
other types of projects and an increase in thissctasults in an average of increase 43% in the
probability of having the claim paid out. In othlveords, bridge projects are more likely to result
in a claim payout according to this analysis as pbsitive coefficient value indicates when
compared to other types of projects. The roadeptas less likely to result in a claim payout in

comparison to the other types of projects. Thaltesn Table 5.16 show that a project designed
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by the local agency is more likely to result inam payout, and an increase in this factor results
in an average of increase 68% in the probabilithafing the claim paid out. A project that
utilized a consultant during the construction inmpdatation phase is more likely to result in a
claim payout and an increase in the utilization @f consultant during construction
implementation results in a substantial incread®f113%) in the probability of having the

claim paid out.

A project that utilized the 1996 Specification Bowks less likely to result in a claim payout,
and an increase in the utilization of 1996 Speation Book results in an average decrease of
47% in the probability of having the claim paid .0Onh the other hand, a project that utilized the
2003 Specification Book was more likely to resuliai claim payout as compared to the projects
that utilized the 1996 Specification Book and awmréase in the utilization of the 2003
Specification Book results in an average increds#266 in the probability of having the claim
paid out. The results in Table 5.16 also show #@hptoject with less than ten percent (<10%) in
the difference between the engineer’s estimatetlamdowest responsible bid was less likely to
have a claim payout as demonstrated by the negetigHicient value, and an increase in the
classification of project that its engineer’s estimis within 5-10% from the lowest bid amount

results in an average decrease of 27% in the pilgipadd having the claim paid out on it.

A project that had filed a claim based on utilipnflict was less likely to payout the claim, and
increase in this factor results in an average @&f &Becrease in the probability of having the
claim paid out. A project that had filed a clamased on differing site conditions in the field
was also less likely to payout the claim, and araase in this factor results in an average

decrease of 76% in the probability of having therlpaid out. A project that had filed a claim
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based on scheduling issues was less likely to gaieuclaim, and increase in this factor results
in an average decrease of 53% in the probabilityaeing the claim paid out. A project that had
a filed claim on the basis of the problems with fpecial provision outside of the applicable
Specification Book was more likely to result in @ayput of a claim, and increase in this factor

results in an average increase of 65% in the pibtyadif paying out the claim.

Finally, a project that had a filed claim on thesisaof the problems with the quantities in the
project plans was more likely to result in a payola claim, and increase in quantity errors in
the plan results in a substantial increase of ab®2% in the probability of paying out the claim

as shown in the results of the analysis and tadxdilist Table 5.16.

5.3 Claim vs. No Claim Binary Analysis

A Multinomial Logit Model (Discrete Choice) usinghé Maximum Likelihood Estimate
Function resulted in a list of factors that mayijbi and simultaneously affect the likelihood of

filing or not filing of claim.

Table5.17 Statistics and Elasticity Calculations of “Clairs.\WNo Claim” Outcomes
Significant Project Standard P-
Claim Factors Coefficient Error Value | Elasticity
Project let during winter
season 1.14 0.47 0.0154 24%
> 15 subs on project 2.077 0.65 0.0014 48%
Significant Project Standard P-
No Claim Factors Coefficient Error Value | Elasticity
Project located in Metro
Region TSC 2 1.626 0.68 0.0163| -31%
< 50 projects in a letting 2.668 0.52 <.0001| -48%
< 20 Contract
Modifications 0.986 0.41 0.0167| -15%
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5.3.1 Claim Outcome

The results in Table 5.17 show that a project lgind) the winter season is more likely to result
in a filed claim as both the positive value of teefficient and positive value of the elasticity
calculation indicate, the latter resulting in areige increase of 24% in the probability of a
claim being filed. A construction project at thd /S that has more than fifteen (>15)

subcontractors working on it is more likely to havelaim filed on it, and an increase in number
of subcontractors working on a project to more thifieen (>15) results in an average of

increase 48% in the probability of a claim beirgdi

5.3.2 No Claim Outcome

A project located at Metro Region TSC 2 is morellkto result in a claim not filed (positive
coefficient value for the no-claim model), and aarease in the project located at Metro Region
TSC 2 results in an average decrease of 31% (asetjaive value of the elasticity indicates) in
the probability of a claim not being filed on iteopects. A project that was let with fewer than
fifty (<50) other projects in the same lettingeés$ likely to have a claim filed, and an increase i
this factor results in an average of decrease 48%d probability of a claim not being filed on
its projects. A project that had fewer than twefyls (<20 CM) during the construction
implementation phase is less likely to have a clfilied, and a decrease in number of CMs on a
project to less than fifteen (<20) results in aerage decrease of 15% in the probability of a

claim not being filed.

5.4 Payout vs. No Payout Binary Analysis

The fourth analysis performed was a Multinomial itogodel (Discrete Choice) using the

Maximum Likelihood Estimate Function and resulted a list of factors that jointly and
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simultaneously affect the likelihood of paying ootrpaying out a claim on transportation

projects as Table 5.18 and the following detail.

Table5.18  statistics and Elasticity Calculatior@f “Payout vs. No Payout” Outcomes

Significant Payout Standard t- P-
Factors Coefficient Error Statistics | Values | Elasticity
Project let during fall season 1.804 0.55 3.29 0.001 116%
Project let during winter seaso 2.013 0.54 3.75 0.0002 117%
50 to 100 projects in a letting 4.004 1 4.01 0.0001 151%
Coordination required w. other
projects within PCIA. 0.95 0.54 1.76 0.0783 105%
Project designed by the local
agency 2.986 0.77 3.86 0.0001 154%
Special provision is ground for
the claim 0.948 0.45 2.12 0.0341 94%
Significant No Payout Standard t- P-
Factors Coefficient Error Statistics | Values | Elasticity
Project located in Metro Regio
TSC 2 2.371 0.95 2.51 0.0122 -83%
< 10 subs on project 2.325 0.66 3.5 0.0005 -79%
5 to 15 % DBE participation 2.001 0.55 3.63 0.0003 -65%
1996 Specification Book
Utilized 1.968 0.46 4.31 <.0001 -70%
Utility conflict used as the basi
for the claim 3.974 1.13 3.51 0.0005 -96%

54.1 Payout Outcome

The results in Table 5.18 show that a project leing) the fall season is more likely to result in a
payout of a claim, and an increase in this factsults in an average increase of 116% in the
probability of a claim being paid out. A projeet during the winter season is also more likely
to result in a claim payout and an increase infegsor results in an average increase of 117% in
the probability of a claim being paid out. A prctjéet with fifty to one hundred (50-100) other
projects in the same letting is more likely to tegua paying out of its claim, and an increase in

this factor results in an average increase of 15a4%he probability of a claim being paid out.
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A project that required coordination with otheriaetprojects within the PCIA was more likely

to result in a payout of its claim, and an incregsthis factor results in an average increase of
105% in the probability of a claim being paid ouA project designed by a local agency was
more likely to result in a payout of the claim, aaudl increase this factor results in an average
increase of 154% in the probability of a claim lgepaid out. A project that utilized the Special

Provision (supplement to the applicable specifazatiook) as the ground for its claim was more
likely to result in a claim payout, and an increas¢his factor results in an average increase of

94% in the probability of a claim being paid out.

5.4.2 No Payout Outcome

As shown in Table 5.18 a project located at MetegiBn TSC 2 is more likely to result in
nonpayment of a claim, if filed. An increase instifiactor results in an average decrease of 83%
in the probability of a claim being paid on its jgais. A project that had fewer than ten (<10)
subcontractors working on it was more likely toulegn non-payment on its claim, if filed. An
increase in this factor results in an average @dser®f 79% in the probability of a claim being

paid out.

A project with five to fifteen percent (5-15%) DBtarticipation on the project is more likely to
result in a non-payment of its claim, and an inseei this factor results in an average decrease
of 65% in the probability of a claim being paid. pfoject that used utility conflict as the basis
for its claim was more likely to result in a nonyp@ent of its claim, and an increase in this factor

results in an average decrease of 96% in the pildigads a claim being paid out.
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5.5 Multinomial Logit Analysis

The fifth analysis utilized the Discrete Choice MbdMaximum Likelihood Estimates
“Multinomial Logit Analysis” (MNL) to examine alllte project’s specific factors that are more
likely to simultaneously affect any of the modeisthis study (claim, no claim, payout and no
payout). Table 5.19 lists all the project’'s speciactors that had shown significant likelihood

on all possible outcomes of a claim on the project.

Table5.19  MNL Statistics and Elasticity Calculations on Claimt€ames

Dependent
Variable Standard P-
Outcomes Significant Project Factors Coefficient Error Values | Elasticity
Project located in Metro Regior]
No Claim TSC 1 -2.358 0.93 0.0108 -87%
Project located on NHS 0.994 0.4 0.0136 47%
< 50 projects in a letting 1.259 0.51 0.0141 173%
< 10 subs on project 2.478 0.51 <.0001 684%
Project let during fall season -1.273 0.43 0.0034 -39%
Coordination required w. other
projects within PCIA. -0.843 0.39 0.0315 -24%
< 5% diff between Eng Est. and
No Payout Lowest Bid. 0.931 0.42 0.0255 21%
5-10% diff between Eng Est. an|
lowest bid. -0.999 0.45 0.0254 -42%
> 50 Contract Modifications -0.744 0.41 0.0708 -32%
Utility conflict as the basis for th
claim 2.672 1.16 0.0213 24%
Project located in Metro TSC 2|  -2.868 0.86 0.0009 -92%
50 to 100 projects in a letting 1.983 0.63 0.0017 493%
Payout Road Project -1.273 0.37 0.0007 -63%
Project designed by a local
agency 1.816 0.67 0.0066 318%
Quantity errors in plan ground fq
claim 1.273 0.36 0.0005 90%

5.5.1 Claim Outcome
A project located at Metro Region TSC 1 is morellkto have a claim filed on it (the negative

value for the coefficient is for the no claim mgdahd an increase in a project located at Metro
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Region TSC 1 results in an average increase of i@A¥e probability of a claim being filed on
its projects. A project located on the NHS is mideely not to have a claim filed on it, and an
increase in this factor results in an average dseref 47% of the probability of a claim being

filed on it.

A project that was let with fewer than fifty (<50)her projects in the same letting was more
likely not to have a claim on it, and an increasehis factor results in a substantial increase
(173%) in the probability of a claim not being @len it. In other words, a project that was let
with fewer than fifty (<50) other projects in thamse letting was less likely to have a claim on it,
and an increase in this factor results in a subiatatecrease (173%) in the probability of a claim

being filed on it.

A project that had fewer than ten (<10) subcontmactvorking on it is less likely not to have a
claim filed on it, and an increase in this factesults in an average increase of 684% in the

probability of a claim not going to be filed on it.

5.5.2 No Payout Outcome

The analysis and the results in Table 5.19 showalmoject that was let during the fall season
was less likely to result in a no payout (or makely to result in a payout) of its claim, if filed
and an increase in this factor results in an awenagrease of 39% in the probability of a claim
being paid out. A project that required coordioativith other active projects in the PCIA is
more likely to result in a payout of its claim, aad increase in the required coordination results

in an average increase of 24% of the likelihood payout on it.

A project in which the engineer’s estimate was inifive percent (5%) of the lowest bid is more

likely to result in a non-payment, and an increiasthis factor results in an average increase of
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21% in the likelihood of a non-payment on it. Aojact in which the engineer’'s estimate was
within five to ten percent (5-10%) of the lowestl lis more likely to result in a claim payment,
and an increase in this factor results in an aweragrease of 42% in the likelihood of a non-
payment on it. A project that had more than fi@tyls is less likely to result in a no payout of a
claim on it (or more likely to result in a payouttbe claim), and an increase in factor results in
an average of 32% increase in the likelihood ofynpent on it. A project that based its claim
on the presence of a utility conflict in the fieldas more likely to result in a non-payout of its
filed claim, and an increase in this factor resinitan average decrease of 24% in the likelihood

of payment.

5.5.3 Payout Outcome

The results in Table 5.19 also show that a prdgaeited at Metro Region TSC 2 is less likely to
payout on its filed claims, and an increase indacgsults in an average decrease of 92% in the
probability of a claim being paid out on its prdgec A project that was let with fifty to a
hundred (50-100) other projects in the same lettuag more likely to have a payout, and an
increase in this factor results in a substantielease (493%) in the probability of a claim being
paid. A claim on a road project is less likelyrasult in a payout, and an increase in this

category results in an average decrease of 63beihkielihood of a payout on it.

A project designed by the local agency is morelyike result in a pay out, and an increase this
factor results in a substantial increase (318%helikelihood of a claim payment. A project

that had based its claim on quantity errors ingla®s was also more likely to result in a payout
of its filed claim, and an increase in this factesults in an average increase of 90% in the

likelihood of a payment on it.
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5.6  Other Analysis
Other analyses were utilized such as the MixedtLAgalysis and the Nested Multinomial Logit

Analysis but showed no significance and the resutise not included in this dissertation.
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Chapter 6 Conclusions, Summary and Research Conbutions

6.0 Research Overview

This research aimed to determine the charactevisindd causal factors of claims in highway
construction projects and to define the uniqueuiest of highway projects in terms of scope of
work, type of project or the material used, certaomtractual restrictions, or any other unique
and important factors that may affect the succeskiture of a highway project at the state
transportation agency in the context of the nunaret magnitude of claims. A structure was
developed to analyze the effects of the differeahgportation project and identify the entire
common and unique feature of all of the projecesypt the STA, as well as to identify important
factors that impact the filing and paying out odiols made by the projects’ contractors. This
framework was tested on data for a sampling ofgutsjin the Metro Detroit Region and was
then applied to all of the projects that had clafitexd within the Metro region and the entire
state.

The research began with a comprehensive reviewasf work related to projects success or
failure on construction projects in general andhaghway construction projects in particular,
with focus on studies related to construction ckainAn assessment was conducted of the data
currently collected and maintained by the statasjpartation agency in the different filing
systems and locations as it relates to claim résolland management. This included project
design and proposal files, claim settlement letjersject construction files, and other important
sources of information on each project availabtenfrthe different filing systems at the STA.
All of data obtained from the STA was organizedhutated, and analyzed to create a database
that was subsequently used to assess the intenslaips of the common and unique project

factors that may contribute to filing of claimsyp& out, or not paying out on these claims.
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6.1 Conclusion

One of the early tasks of this research was to @@mhether the project specific data available
at the state transportation agency could be usadetttify the characteristics and the causal
factors of claims within the STA. This study, ndheless, is the first of its kind because of the
new application of project specific data model @aim outcome determination. Different
frequency and regression models were developedtarrdine the likely significant effect of the
project factors on claims and payout. There wagonis consistency in all of the models and the
results of the different analysis are presentdtierfollowing order:

e Factors that can possibly prevent claims from béled from the outset,

Factors that possibly affect the claim to be filed,

Factors that can possibly prevent a claim from dp@iaid out,

Factors that possibly affect a claim being paid ddied, and finally

Factors that possibly have no effect on the filbnghe payment of a claim.

6.1.1 Factorsthat are Likely to Affect the No Filing of Claims

The previous analysis consistently showed that certain factayssignificantly prevent the filing of a
claim. These factors are grouped together in Table 6.1hwhaiudes a project that is located on the
national highway system, under the jurisdiction of Metro Re@iS& 4, let with fewer than fifty other

projects in the same letting, and had fewer than ten (10) subcontractkisgnaor it.

Table 6.1 Factors that are likely to Affect the No Filing @flaims

Category No. Category Name Independent Variable Examined
2 PROJECT LOCATION Project located in Metro Region TSC 4
3 PROJECT LOCATION Project located on NHS
CONTRACTING
3 FACTORS Projects in a letting < 50
CONTRACTING
3 FACTORS <10 subcontractor on a project
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6.1.2 Factorsthat are Likely to Affect the Filing of a Claim

The analysis showed that certain factors signitigaaifect the likelihood of filing claims such

as a project that is located on a local agencyerautder the jurisdiction of Metro Region TSC 1

or TSC 3, was managed by a consultant during thetaaction implementation phase, was let in

fall or winter season along with more than a huddd€0) other projects in the same letting, had

prime contractor D or E along with more than tef)($ubcontractors, and required certain

coordination clauses as shown in Table 6.2.

Table6.2

Factors that are likely to Affect Filing of Claims

Category No.

Category Name

Independent Variable Examined

==

=]

2]

2 PROJECT LOCATION Project located in Metro Region TSC

2 PROJECT LOCATION | Project located in Metro Region TSC

2 PROJECT LOCATION Project located on a local agency rouf
CONTRACTING

3 FACTORS Project let during fall season
CONTRACTING

3 FACTORS Project let during winter season
CONTRACTING

3 FACTORS 100 projects in a letting
CONTRACTING

3 FACTORS Prime Contractor D
CONTRACTING

3 FACTORS Prime Contractor E
CONTRACTING Number of subcontractors between 10

3 FACTORS 15 subcontractors on project
CONTRACTING Number of subcontractors greater thg

3 FACTORS 15 subcontractors on project

RESTRICTIONS IN Coordination required w. other project
6 CONTRACT within PCIA
RESTRICTIONS IN Open to Traffic restriction during

6 CONTRACT construction activities

7 PROJECT LOCATION | Consultant utilized during constructior

9 QUALITY FACTORS Contract Modifications > 50
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6.1.3 Factorsthat are Likely to Affect the No Payment of a Filed Claim

The analysis has shown that certain factors mactfhe non-payment of a claim such as a road

project, located on the NHS and under the jurigmlicof the Metro Region TSC 2, had a utility

conflict, and its engineer’s estimate was withivefpercent (5%) of the lowest and responsible

bid amount as shown in Table 6.3.

Table6.3

Factors that are likely to Affect the No PaymemiGlaims

Category No.

Category Name

Independent Variable Examined

A4

n

2 PROJECT LOCATION | Project located in Metro Region TSC
2 PROJECT LOCATION Project located on NHS
4 SCOPE OF WORK Road Project

The difference between the Engineer
8 FINANCIAL FACTORS estimate and the Lowest Bid < 5%
10 CLAIM BASIS Utility conflict as the basis for the clain

6.1.4 Factorsthat are Likely to Affect the Payout on Claims

The analysis has also shown that certain factong aff@ct the payment of a claim such as a

project that was designed by a local agency, I¢henfall or the winter season along with more

than a hundred (100) other projects in the santieadethad a problem with a special provision,

and included certain restrictions in the contragirdy the construction implementation phase as

shown in Table 6.4.
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[2)

=

Table 6.4 Factors that are likely to Affect Payout on Claims
Category No. Category Name Independent Variable Examined
2 PROJECT LOCATION Project let during fall season
2 PROJECT LOCATION Project let during winter season
CONTRACTING Number of projects in a letting more than
3 FACTORS 100 projects
RESTRICTIONS IN Coordination required w. other project
6 CONTRACT within PCIA
PROJECT
7 ADMINISTRATION Project designed by a local agency
10 CLAIM BASIS Special Provision is ground for the claim
Quantity Errors in the plan is ground fd
10 CLAIM BASIS the claim

6.1.5 Factorsthat are Likely to have No Effect on Claims

The analysis has shown that certain factors mayae¢ any effect on the filing or payment of

claims such as the number of bidders on the projeet utilization of any major construction

material, and performed by any other approved pdordractor on the list with the exception of

prime contractors D & E as shown in Table 6.5.

Table 6.5 Factors that are likely to have No Effect on Claims
Category No. Category Name Independent Variable Examined
CONTRACTING
3 FACTORS Number of bidders on a project
CONTRACTING
3 FACTORS Certain Contractors
5 MAJOR MATERIAL Hot Mix Asphalt
5 MAJOR MATERIAL Cement Concrete
5 MAJOR MATERIAL Other Construction Material
6.2 Summary

From the results tabulated in this dissertatiomas consistently obvious that certain factors may

significantly affect the different claim outcomeSIgim/No Claim; Payout/No Payout). These
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factors are grouped together in the following tabde each possible outcome (estimated

coefficient values >1.4 and elasticity calculati@ues >20%) so as to highlight the contribution

of this research as shown in Table 6.6:

Table 6.6 Summary of Significant Factors with High Relativedcities

Factorsthat are likely to Affect Filing of Claims

Prime Contractor D

Prime Contractor E

10 to 15 subs on project

> 15 subs on project

Coordination required w. other projects within PCIA

Open to Traffic Restriction during construction
activities

Project located in Metro Region TSC 1

> 50 Contract Modifications

Factorsthat arelikely to Affect the no Filing of Claims

< 10 subs on project

< 5 % DBE Participation

< 20 Contract Modifications

Project located in Metro Region TSC 2

< 50 projects in a letting

Factorsthat arelikely to Affect the Payout on Claims

50 to 100 projects in a letting

Project designed by a local agency

Factorsthat arelikely to Affect the no Payment on Claims

Project located in Metro TSC 2

Factorsthat are likely to Have no Affect on Filing and/or
Payout of Claims

Number of bidders on a project

Certain Contractors

Hot Mix Asphalt

Cement Concrete

Other Construction Material
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6.3 Recommendations for Claims Management

After the completion of this research and the asig)yit is evident that outstanding efforts are
being undertaken by the STA in meeting the expectst needs, and requests of the traveling
public, tax payers and the contracting communiti€kis is in addition to all the challenges in
balancing and satisfying the varied interests & #itakeholders on public projects as the
literature review revealed. Recent implementatadncertain improvements to the claim
tracking system at the STA have already shown soobential benefits that need to be assessed
in future research to determine its effectivenasd possible continued improvement. This
research accomplished a scientific analysis ofiBpawroject factors that may affect the filing
and payout of construction claims at the Michiga@TD The results may not be applicable to
other state transportation agencies but surehagipgoach and the methodology can be utilized
in any state and jurisdiction. Recommendationthia study are made to mitigate the risk of

claims on transportation projects at the STA bynhginting the results in the following sections.

6.2.1 Project Location

The research showed that Metro Region TSC 1 and 3&@ more prone to having claims
being filed on their projects, and Metro Region T&@nd TSC 4 are less prone to having claims
filed on their projects. Metro Region TSC 2 iscaimore prone to denying claims when filed.
The rest of the TSCs and the state did not showsgnyficance for any of the potential claim
outcomes. The research also showed that projectgeld on the National Highway System
(NHS) are less likely to have claims filed and paid. This conclusion can benefit the STA in
investigating the different factors that are impésned on the NHS projects and can be
implemented on state and local agency projectsaamide different TSC locations to reduce the

likelihood of claims on their projects.
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6.2.2 Contracting Factors

The research showed that most of the projects eatSthA are let in the fall and the winter
seasons and these projects were more prone toghalams filed and required payouts.
Projects that are let with more than one hundrldrgtrojects in the same letting were also more
likely to have claims on them and are more likayrésult in claim payout. Additionally, the
research also showed that certain contractors aee mrone to filing claims than other

contractors.

6.2.3 Scope of the Work

The research showed a road project is less likehggult in a claim and a payout of a claim, and
a bridge project is more prone to having claimedfiand paid. Possible mitigation to these
differing levels of risk is to separate the two d@gpof projects and let them separately. This
approach will have an added benefit in terms oftiing the number of subcontractors on the
project, which is known to contribute to the susces$ the project, and to allow construction

engineers to work in their respective areas of gigee It is also that it is less common to have
construction staff or contractors who can do bggies of projects (roads and bridges) with the

same level of competency and expertise.

6.2.4 Major Material

The research showed that the material used onrtfjech whether HMA, concrete, or other
material, does not increase or decrease the lg@tilof filing a claim in the context of this

research. This is also a beneficial conclusiorthis STA, contracting community, and the
material suppliers. The STA can continue choosiregmaterial on its projects based on the life

cycle analysis that is currently utilized for coster and HMA.
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6.2.5 Restrictionsin the Contract

The research has shown that a project, which regj@oordination with other active projects in
the construction influence area, is more likelyhaave a claim filed and paid out. Limiting the
number of projects in a letting and limiting th@ge of work on the projects can reduce the need
for contractors to work on the projects under opraffic conditions. This is important as the
analysis showed that these restrictions can iner¢fas likelihood of filing and paying out

claims.

6.2.6 Project Administration

The analysis showed that a project designed bylated agency is more likely to result in a
payout on a filed claim, and a project locatedlm NHS is less likely to have a claim filed and
paid out. The research also has shown that utjizhe services of consultants during the

construction phase can increase the likelihoocaging out the claims.

6.2.7 Financial Factors
The analysis showed that when a project enginestimate was within five percent (5%) of the

lowest, responsible and awarded bid was less liketgsult in a claim payout.

6.2.8 Quality Factors
The research showed that a project with more tifigncbntract modifications (>50 CM) is more

likely to result in a claim and a payout.

6.2.9 ClaimBass
The results from this research showed that a chainich is based on quantity errors in the plan,

is more likely to result in a payout; similarlyckim that is based on deficiencies or ambiguities
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in the special provision was more likely to resala payout, as well. The research also showed

that special provision is a basis for a claim aagquit.

6.2.10 Lessons Learned

It is very important to document the lessons ledraiethe end of each project, especially in the
areas of cost control and claim management, arghaoe this knowledge with the rest of the
construction staff at the same TSC and at othersT®ithin the STA. This event should be

coordinated so that the maximum benefit can bénatalt is very important to share the lessons

with the design staff in order to prevent potentiaims on future similar projects.

6.2.11 I ntegrating Design and Construction
Bringing the lessons back from construction to giess a step in the right direction, but taking
this a step further would be a great stride towandginuous improvement. This integration can

be done at different levels.

1. The first level is at the project engineer (PE)elev Facilitating open communication
between the design PE and the construction PE gltine design phase of the project,
and maintaining a line of communication betweergieand construction PEs regarding
any encountered issues or difficulties in the fidlating construction implementation can
possibly address some of the factors that may ibomér to filing and paying out of

claims.

2. The second level of integration is to encouragedisign PE to visit the construction
sites on a regular basis and to attend the conistnugrogress meetings. This will allow

the designers to become more familiar with any omg issues in the field and will
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allow the design engineers to become better desigme future and similar projects by

taking all of the learned lessons back with therthéodesign table.

. The third level of integration is to get the inpabhd active involvement of the
construction staff during the design phase of ttegept. This integration will produce
better design that is more reflective of the candg in the field and that will incorporate

the best fixes to the problems.

Future Research

. The results of all of the analysis that were dethiin Chapter 5 indicated that certain
transportation services centers (TSCs) were mayeepto having claims filed and paid
than other TSCs in the Metro Region and in theo&#te state. Future research can seek

to further understand the underlying causes oftlobservations.

. The results also showed that both prime contraddo& E, had more claims filed than
the rest of the contracting community working oatettransportation projects. This
could be explained by the type of projects (roadlde) these contractors were working
on, or that these contractors were more focusedobvnelinquishing the pursuit of any
claim. This observation, nevertheless, needs tanadyzed further and studied in more

depth to determine the mitigating factors of theiseumstances.

. The results also showed that the utilization ofaastiltant during the construction
implementation phase showed significant effect o likelihood of a claim being filed
on the project. This observation could be reldatethe complexity of the project and

needs to be studied further to understand the lymadlgfactors.
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4. Due to the fact that a limited number (258) of pot¢ were available for this research, it
is recommended that the STA perform similar redeancabout ten (10) years on all
available claims to determine if there has been simft in the number of claims

submitted as well as the factors contributing s dfaim filing.

5. A similar research can also be undertaken to lobd all of the projects that have had
substantial increases in their construction casthe context of contract modifications to
determine the mitigating factors for this phenomendhis research can also capture the
significant factors that influence the increasedte@and the ever increased number of
contract modifications on construction projectshisTis essential as there are a great
number of projects at the STA that experience atgrerease in the cost and contract

modifications but did not have any filed claim.

6. Additionally, as the STA is transforming into inporating alternative contracting
methods (Design-Build, Design-Build-Finance, andstBéalue Contracting) it will be
worth the investment in a research project to complae outcomes of the projects that
are let using the traditional method (Lowest Respuma Bid) with the projects that are
let using the alternative contracting methods rmtef the number and magnitude of the

construction claims and their final costs.

To facilitate future research, it will be worth thevestment to incorporate the following

recommendations:

1. Do away with paper correspondences for the benefita secured electronic

correspondence for all aspects of project planrdegign, and construction management,
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Install software that will allow for a complete egiration of all aspects of the project life

cycle (initiation, planning, design, constructiamd closeout),

Incorporate, as a mandatory step in the projeetdifcle, a step that will allow for the
documentation of all of the lessons learned througleach step of the project life cycle

in the project electronic file,

. A separate research can be undertaken to studynthezlining causal and characteristics
of projects that exhibits a large number of contrawdification and address this

phenomena. And finally,

. A research is needed on possible steps that caakiee and implemented to prevent

claims in lieu of merely managing claims.
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The US highway system is the largest road netwgdtesn in the world. MDOT
administers about 9,722 route-miles, (28,000 lareshof roadway networks in Michigan.
Every year, hundreds of projects worth millionsdailars are let by the State Transportation
Agency (STA).

Majority of these projects are successfully congdetvithin the original scope of work,
budget, schedule, and without litigation. Howeveome projects end up in litigation and
disputes costing tax payers a great amount of mandythe STA a great amount of resources.
The number and cost of these construction claingssldeen substantially increasing in recent
years.

Research on this topic has been limited to-dateer&fore, a research on this subject is
needed to investigate all of the factors affectimghway construction claims to improve

efficiency and effectiveness of highway projectily.
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The data available at the STA provide a rich soofdaformation that can be utilized to
study the characteristics and causal factors amelan highway construction projects at the
STA. However, until this point, these separate dsts were not integrated and much of it was
not utilized for this type of research or analytigarposes.

A research of all of the projects that experienckiims was initiated that was followed
by research and collection of all of the projebtst twere categorized as successful projects at the
STA. All of the projects were organized and anetiaising logistic regression modeling.
LIMDEP software was utilized to determine the fastthat are more likely to affect the filling
of construction claims and their likely payouts.heTresults were tabulated for all of the
significant factors based on the values of thetimiated Coefficient, Standard Error, T-Statistic,
P-Value, and Logit Relative Elasticity Calculations

The analysis showed that certain projects factarsreore likely to affect the filling of a
claim, and that certain factors are more likelatiect the payout on the claims. The results also
indicated that certain project factors do not séefnave any significant affect on the likelihood
of filing of a claim or the payouts of these claims

This research is the first of its kind as it catezgs the projects specific factors according
to their likely affect on the filing of constructioclaims and the payout of these filed claims
based on Michigan data. This methodology can Istede and applied in other state
transportation agencies to mitigate the risks afstmction claims on highway transportation

projects.
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