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INTRODUCTION

Accelerated bridge construction (ABC) is a solution for upgrading substandard bridges when
closure times are of critical importance. ABC provides several benefits, such as reduced
construction times and less exposure to construction activities for the traveling public and
roadway workers.

However, ABC has received a reputation for being more expensive than conventional
construction. This reputation is not always earned, and it is often found that ABC has good value
and can compete cost-wise with conventional bridge construction, especially when user costs are
taken into account. In addition to concerns with the cost of ABC projects, there is also hesitancy
to incorporate ABC due to questions regarding optimal project delivery methods, contracting and
procurement, and the determination of bid items that result in competitive bidding.

To address these concerns, this work documented past ABC projects with a particular focus on
the project delivery method that was used and the lessons learned from each project. The
research plan included a detailed review of literature related to how the decision is made to use
ABC on a project and how the delivery methods are selected. The research team also reviewed
research related to procuring and contracting ABC projects.

After the literature review was complete, several ABC projects were identified as candidates for
further investigation via detailed case studies to obtain case-specific information on the selection
of project delivery and procurement methods and the lessons learned from each project. The
ABC projects were identified by using the ABC-UTC database that can be found on the ABC-
UTC website (http://utcdb.fiu.edu/). To narrow the pool of projects, the research team focused on
ABC projects completed within the last five years. The research team conducted interviews with
agency staff and, when possible, the contractor to gather as much information about each project
as possible. Representatives from the following states were interviewed as part of this project:
Georgia, Indiana, Minnesota, and Tennessee.
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INFORMATION COLLECTION
Current Practices: ABC Decision Matrix

Using ABC has many advantages, such as reducing the exposure of the public and construction
workers to work zones, accelerating the construction process, and reducing environmental
impacts. However, ABC might not be the best choice for every project because not all projects
demand accelerated schedules and many can be completed using conventional construction
practices. As such, several decision guidelines and processes have been developed to ensure that
ABC is only used when warranted. This multiplicity of decision-making frameworks reflects the
different values and systems that are used in the various federal and state transportation agencies.

During the course of the research project, the research team looked into the means and methods
that are used to decide whether ABC will be used for a project. This involved reviewing
transportation agencies’ manuals, as well as examining the models that have been developed by
the Federal Highway Administration (FHWA). The means and methods for deciding whether
ABC will be used on a project will herein be referred to as the ABC decision matrix.

There are two types of ABC decision matrices: qualitative and quantitative. The qualitative
decision matrices ask yes/no questions to assist in the decision-making process, often through the
use of flowcharts. The quantitative decision matrices involve assigning a numerical score in
response to each question. At the end of the matrix, the total score is compared against a
numerical criterion. If the score is above the criterion number, the project is likely a good fit for
using ABC.

The FHWA has developed frameworks and guidelines that can be used for deciding whether to
use ABC for individual projects. These guidelines fall into the qualitative ABC decision matrix
category. An example of a flowchart that was developed by the FHWA is shown in Figure 1.



Start here

* Use Prefabrication

FHWA 2005
Figure 1. Example of FHWA decision matrix

The flowchart shown in Figure 1 is used to decide whether to use prefabricated bridge elements
and systems (PBES) on a project. The flowchart asks several questions about aspects of the
project that might warrant using ABC. The FHWA also developed a checklist of questions that
are answered yes, no, or maybe. After going through the checklist, if a majority of the answers
are yes, the project should use PBES. If a majority of the answers are no, PBES should not be



used on the project. The FHWA’s considerations for whether to use ABC can be divided into
three categories: rapid onsite construction, costs, and other factors. The costs are further divided
into traffic costs, contractor costs, and owner costs. The other factors that need to be considered
are safety issues, site issues, standardization issues, and environmental issues.

Many states, however, use a quantitative approach to decide which projects would most benefit
from ABC. One of the tools used for this approach is an analytical hierarchy process (AHP) tool.
AHP tools find the best alternative by using pair-wise comparison based on the decision-maker’s
goals, using various criteria and sub-criteria, on a scale from 1 to 9. One state that uses an AHP
tool is Oregon. Oregon’s AHP tool uses five main criteria: direct cost, indirect cost, schedule
constraints, site constraints, and customer service. Each of these five criteria have several sub-

criteria, which are shown in Figure 2.
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Oregon State University 2012
Figure 2. Oregon AHP criteria list

Some of the sub-criteria are public perception, construction costs, user delay, and resource
availability. The tool operates by having the user select the criteria to compare and results in a
cost-weighted analysis.



Another state that uses an AHP tool is Michigan, which calls its tool MiIABCD. MiABCD uses
six criteria: site and structure, cost, work zone mobility, technical feasibility and risk,
environmental considerations, and seasonal constraints and project schedule. The criteria can be
divided into anywhere from 26 to 36 sub-criteria.

Some states have adopted a two-step process for deciding whether ABC is appropriate for a
bridge replacement project. Three such states are Arizona, lowa, and Wisconsin. Wisconsin uses
a matrix and flowchart approach. The matrix is used to assign a rating to the project, which is
then put into the flowchart to determine whether ABC should be used and which specific
strategy should be used. The matrix has eight categories: disruptions, urgency, user cost and
delays, construction times, environment, cost, risk management, and other factors such as
economy of scale, weather limitations for conventional construction, and complexity. Each of the
categories has a pre-set weight. Disruptions on the bridge are 17% of the score, urgency is 8%,
user cost is 23%, construction time is 14%, environmental concerns are 5%, cost is 3%, risk
management (which includes the safety of the workers and the traveling public) is 18%, and the
last 12% is other issues. After the matrix has been filled out, the score falls into one of three
categories: scores between 0 and 20, scores from 21 to 49, and scores over 50. If the project is in
the first category, it is not considered for ABC unless it is a part of a program initiative. If the
project falls into the second category, then using ABC needs to both accelerate the schedule and
result in benefits that outweigh the additional costs. If the project is in the third category, it is
considered for ABC as long as the site conditions allow for ABC (WisDOT 2018).

The Arizona Department of Transportation (DOT) ABC decision matrix includes the categories
of railroad, construction impacts, project duration, environment, safety, economy of scale, and
risk management (ADOT n.d.). Each category is composed of one to eight decision-making
items. The highest weighted category is construction impacts (45 of 100 points), with the highest
weighted decision-making items being average daily traffic (ADT) (10 points) and “Is Phased
Construction with Widening an Option” (8 points). Project duration is the second highest
weighted category (22 points), with “Restricted Construction Time” (10 points) and “Impacts
Critical Path of the Project” (8 points) as the highest weighted decision-making items in the
category. Also highly weighted is the safety category (16 points), which is evenly split between
“Worker Concerns” and “Traveling Public Concerns.” The decision matrix is completed during
the scoping phase by the project team. Once the matrix is completed, the project team uses the
results in its ABC decision flowchart, which is shown in Figure 3. The results are documented in
a separate initial bridge study.
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As part of its two-step process, the lowa DOT typically assembles a project concept team that
consists of personnel from the district, the Bridges and Structures Bureau, and the Location and
Environment Bureau.

The first stage is where the project concept team assigns the project an ABC rating score. The
score is between 0 and 100 and is based on average annual daily traffic (AADT), out-of-distance
travel, user costs, and economy of scale. AADT, out-of-distance travel, and user costs are scored
on a scale from zero to five, and the scores are multiplied by ten. Economy of scale is scored on
a scale from zero to three, and the score is multiplied by a factor of five. If the ABC rating score
is 50 or greater, the site conditions and project delivery methods are examined to determine
whether they support ABC. There are two conditions that immediately generate scores of 50. The
first is if the out-of-distance travel is equal to or greater than 30 miles. The second is if the bridge



is on an Interstate. If the score for the bridge project is less than 50, it is slated for traditional
construction, unless the district requests further review.

If the site conditions and project delivery system support using ABC, then the project concept
team decides whether the project should be further evaluated for ABC. If the team decides not to
go forward with further review, then traditional construction is used. If the team decides to
conduct further review, then the project proceeds to the second stage, where AHP analysis takes
place. The AHP tool has five categories: direct costs, indirect costs, schedule constraints, site
constraints, and customer service. The direct costs include construction, maintenance of traffic,
design and construction detours, right of way acquisition, project design and development,
essential service maintenance, construction engineering, and inspection. The indirect costs
include user delay, freight mobility, revenue loss, and road user and construction personnel
exposure. The information that is accumulated from the AHP tool is then used to help the
concept team decide whether to proceed with creating an ABC concept for the project (lowa
DOT 2018). The director of the Project Delivery Division and the advisory team from the
Bridges and Structures Bureau approve any ABC candidates before a concept is developed for
the project.

Overview of Contracting Methods

On any project, a number of important decisions need to be made by the owner. These decisions
include the project delivery method, the procurement method, and the contract type. These can
be used in any combination and should be chosen based on the needs of the project and of the
owner.

The contract is the agreement between the various parties involved in a project. This agreement
outlines the requirements, obligations, and responsibilities of each party. The contract also deals
with risk allocation and payment procedures for the work done on the project. The different types
of contracts are lump sum, unit price, cost plus, and cost plus with a guaranteed maximum price
(GMP).

Various parties may hold contracts with each other. The nature of the contracting is somewhat
dependent on the project delivery method. The owner may hold a contract with a designer, one or
more contractors, a construction manager, and/or a tenant for the project. A construction
manager may hold a contract with a contractor. The designer may hold a contract with
subconsultants. The lead contractor, or general contractor, may hold a contract with
subcontractors. All of these relationships and contracts have different purposes, but they all boil
down to responsibilities, risks, and payment. All parties should know about the other contracts
on the project, at least who holds them, so that they can be cognizant of the various relationships
to support project communication and the goals of each of the parties.



Lump Sum or Fixed Price Contract

One type of contract is the lump sum contract, also sometimes referred to as a fixed price
contract. A lump sum contract is characterized by one entity agreeing to complete a certain scope
of work for a specified sum of money. For instance, a contractor may agree to build a box culvert
for $1 million. The entity that specifies the lump sum or fixed price for the work is the majority
risk holder. In the box culvert example, there is some risk for the owner, but the primary risk
holder is the contractor because if the project ends up costing more than expected, it is the
contractor that must pay for the overrun. However, if the overrun is because of an owner-directed
change, then there may be a price adjustment through a change order to the lump sum of the
project.

Since the contractor is the biggest risk taker in this project, the contractor also stands to make the
most money. If the project can be delivered under the specified amount of $1 million, the
remaining funds are profit for the contractor. In this way, there is some risk to the owner that the
contractor could make more profit on the project than what is generally seen in the market,
which indicates that the owner may have overpaid for the results delivered. Of course, assuming
that a reputable contractor was hired through a competitive procurement process, this possibility
should not often arise.

Another risk to the owner is the possibility that the results of the project will not meet the
owner’s expectations. Again, however, this possibility should not arise if a reputable firm was
selected through a competitive procurement process.

Payment on lump sum contracts is often made in one of three ways. There may be one payment
at the completion of the work for the full specified amount. This is generally not the case unless
the project is small and short in duration. Another option is to schedule specified portions of the
lump sum to be paid upon completion of certain deliverables or at regularly scheduled intervals.
For example, a designer may be paid 40% of the lump sum after delivering the structural plan
sheets and another 15% upon delivery of other detail sheets. Alternatively, a portion of the lump
sum may be paid every six months. This is usually stipulated in the procurement process but is
invariably spelled out in the contract documents. An issue with this type of payment scheme is
that the definition of the percentage of work done can be subjective. Additionally, if a contractor
works ahead and accomplishes more than was anticipated in six months, the payment schedule
may not reflect the actual work completed.

The third payment option for lump sum contracts is based on a schedule of values, and typically
in conjunction with the critical path method cost-loaded schedule, which can be verified by the
owner and itemizes the respective costs for certain types of work. The contractor might develop a
schedule of values at the start of the project and each month compare the progress made to the
schedule of values.

For example, earthwork may be 8% of the project costs, foundations are 8%, structural steel
placement is 15%, and so forth. At the end of each month, the contractor would then estimate the
amount of work completed. For example, perhaps 45% of the earthwork is completed at the end



of the first month and 10% of the foundations have been placed. With concurrence about the
amount of work performed and approval from the construction manager, the owner would then
pay the contractor 45% of 8% of the contract sum for the earthwork plus 10% of 8% for the
foundations. In the second month, the contractor determines that all of the earthwork is
completed, 50% of the foundations are in place, and 5% of the structural steel is in place. Again
with concurrence and approval from the construction manager, the owner would pay the
contractor for the portions of work completed. However, in this month the owner would not pay
100% of 8% of the contract sum for the earthwork, since the contractor was already paid in the
first month for some of this work; instead, the owner would pay the difference. An issue with
this payment mechanism is, again, that determining the percentage of work completed can
sometimes be subjective.

The advantages of the lump sum contract for the owner are that the total price for the project is
known up front and the majority of the risk is on the entity doing the work. However, the
responsibility of major risks (such as unforeseen conditions, third party risks, etc.) are typically
spelled out in the contract terms regardless of the payment terms; as such, quantity risk or
overrun are the most likely risks for the contractor with lump sum contracts. The advantage for
the entity doing the work is the possibility of significant profit if the project is run efficiently.

Unit Price Contract

Another contract type is the unit price contract. This is the most frequently used contract type in
highway construction. With a unit price contract, an amount is usually specified for each unit
installed. There are usually multiple types of units on each project. For instance, a project might
include a price per cubic yard of concrete, a price per ton of steel, a price per square foot of
geofabric, etc. For a highway project, there is usually a price per ton of asphalt, a price per cubic
yard of concrete, a price per pound for reinforcing bars, etc. Within each unit, the contractor
embeds the overhead, profit, labor, equipment, material, and other costs. These embedded costs
may be different for each unit. For example, a contractor might include a higher profit margin on
some units than others, and more labor or equipment might be associated with the installation of
one type of unit compared to another.

With this type of contract, the risk to the owner lies in the final price of the project. The price
estimate tends to be reasonably accurate because the bids or proposals for projects that use this
type of contract usually include the price per unit, so assuming that the quantity take-offs of the
units (or the unit counts) are accurate for the project, the final cost is known. The risk is whether
the counts are accurate or can realistically be estimated.

A risk to the contractor for this type of contract is that the contractor may miscalculate the unit
prices. For example, if employee fringe benefits are omitted from the unit prices, the contractor
would have to cover those costs outside of the contract amount. Another risk to the contractor is
that the project may require fewer quantity take-offs for particular units than expected, resulting
in less profit.



The payment process for a unit price contract is simple. The number of units installed are
counted, usually every two weeks or once a month, and then that number is multiplied by the
price per unit. The resulting price is then paid to the contractor. For instance, if asphalt is $55 per
ton and 150 tons are placed in one month, the contractor is paid $8,250 that month for placing
the asphalt. One question that can arise regarding payment is when a unit should be considered
completed and the unit price paid. For instance, should the unit price be paid for reinforcing bars
for concrete when they are delivered, when they are tied, or after the concrete is placed so they
are in their final installed form on the project? However, this question can also be an issue for
any contract type.

Cost Plus Contract

Another type of contract is the cost plus contract. This type of contract is similar to a unit price
contract, but instead of embedding all of the costs associated with a unit into the unit price, the
contractor bills the owner for the actual cost of the material, labor, and equipment, along with a
separate fee that is specified and agreed to in advance. A single fee may apply to the entire
project, regardless of the material, equipment, etc. that the project requires.

The risk for the owner is that the contract may not specify a maximum dollar amount for the
project, so the owner could end up paying more than expected. Meanwhile, designers or
contractors need to ensure that they include all applicable costs and profits in the fee portion.
Payment is based on a count of the units and presentation of the receipts for the materials,
equipment, etc. to the owner, who then reimburses the contractor for the receipts and pays the
agreed-upon fee.

Cost Plus with Guaranteed Maximum Price Contract

One variation on the cost plus contract is cost plus with GMP. This is the same as a cost plus
contract, with the exception that the designer, contractor, or construction manager guarantees the
maximum price that the owner will pay for the work performed. With this stipulation, the owner
may pay less than expected, but, unless there are owner-directed changes, the owner will not pay
more than the guaranteed maximum. This alleviates some of the owner’s risk but puts more risk
on the contractor, who agrees to the GMP.

Time and Material Contract

A less commonly used contract type is the time and material contract. This type of contract is
typically limited to change orders because of the risks involved. Change orders are used to
address issues that come up during the course of a project’s execution, usually during
construction but sometimes during the design process too. The risk arises because the amount of
time or materials is variable and because typically a higher price, or premium, is placed on
materials that are not specified in the original contract; these materials may need to be rush
ordered so that the project’s completion schedule is not held up.
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A limited amount of research has been conducted comparing the different contract types, but a
study of water and wastewater projects involved some comparisons between lump sum contracts
and cost plus with GMP contracts. The study found that a higher proportion of projects with a
cost plus with GMP contract had a schedule growth of 0% or lower compared to projects with a
lump sum contract, regardless of the project delivery method. This indicates that a cost plus with
GMP contract offers a better chance to finish a project on time or early than a lump sum contract.
This same study also found that projects with a cost plus with GMP contract, regardless of the
project delivery method, had a lower mean cost growth and lower median cost growth for design
and construction than projects with a lump sum contract. A statistically significant difference
was also found between the contract types in terms of the proportion of projects that had no cost
growth or negative cost growth. Forty-two percent of the surveyed water and wastewater projects
that had cost plus GMP contracts came in at or below the contracted amount, while only 19% of
the surveyed projects with lump sum contracts experienced no cost growth or were delivered for
less than the contracted sum. Again, these findings are regardless of project delivery type.
However, it is not known whether these findings extend beyond water and wastewater projects.

Overview of Project Delivery Methods

Several project delivery methods are used for ABC. The methods used and referenced in this
study are design-bid-build (DBB), design-build (DB), and construction manager/general
contractor (CMGC).

Design-Bid-Build Project Delivery

Design-bid-build is the most widely used project delivery method for roadway and bridge
construction in the United States. In this method, the three phases are sequential and have
minimal to no overlap. In the design phase, detailed plans and specifications are prepared by
engineers either from within a construction company, as a third-party consultant, or by the
owner. About 5% to 10% percent of the project’s total cost is spent on this phase. Construction
companies then bid on the contract, and the project is usually awarded to the lowest responsible
bidder. The build (or construction) phase involves the majority of the project costs and is
completed by the construction company according to the contract. The benefits of a DBB
contract include the ease with which designs can be changed before construction begins, the fact
that the design is usually 100% complete before construction, the fixed cost of the contract, and
the known bid costs. The disadvantages of this method consist of shared responsibility for
delivery of the project, the sequential nature of the project usually producing longer schedules
for completion, and the fact that the total cost is unknown until the contract is officially signed.

Design-Build Project Delivery

The next most common project delivery system is design-build. An advantage of design-build is
that it combines the design and construction phases into a single contract. Design-build is used
because it often offers time and cost savings over the conventional design-bid-build method
(Orabi et al. 2016). It does this by allowing construction to begin before the plans are fully
developed. In addition, design-build offers a lower likelihood of a discrepancy between the plans
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from the design stage and the construction itself. The project is awarded using either the low bid
or best value method. The low bid method is the same as the method used in the design-bid-build
process, while the best value method considers other factors, such as the contractor’s
qualifications and experience, innovation, technical approach, quality control methods, and
project management. Design-build seems to outperform design-bid-build on almost every front,
but design-bid-build can be a better fit for some projects depending on the situation, and its use is
sometimes required by law (Orabi et al. 2016).

Construction Manager/General Contractor Project Delivery

The least common of the three studied delivery methods is construction manager/general
contractor. This delivery method allows the owner to include a construction manager, usually
chosen based on qualifications and experience, in the design process to give input on
constructability. During the design phase, the construction manager provides input regarding
scheduling, pricing, phasing, and any other subject that he or she believes will create a more
constructible project. When the project design phase reaches 60% to 90% completion, the owner
usually negotiates a guaranteed maximum price with the construction manager that is based on
the scope and schedule of the project. If that price is agreed upon, a contract is written and the
construction manager becomes the general contractor. This method is also called construction
manager at risk in some states (FHWA 2017).

Current Practices: Alternative Delivery Methods

Traditionally, state transportation agencies have used design-bid-build for all of their projects,
though some states have been moving towards using alternative delivery methods such as DB
and CMGC. Projects using these alternative delivery methods are often awarded based on the
contractor’s qualifications, which can lead to pushback from some contractors due to the
subjectivity of the selection process. Another obstacle to using alternative delivery methods is
that the project award process in some states is legislatively controlled.

Design-build projects can be procured by selecting a contractor based on low bid, best value, or
qualifications. Nationally, 44 states are able to use design-build to some degree for transportation
projects (DBIA 2019). However, only eight states are authorized to use qualifications-based
selection for the procurement of design-build projects as of 2019.

Design-build is used for several reasons. First, design-build requires only one contract to
administer construction, whereas design-bid-build and CMGC both require multiple contracts.
Design-build also allows for accelerated construction times because the design and construction
phases can overlap and allows for enhanced constructability because the designer only needs to
design for one contractor. It also results in fewer changes and claims and less litigation (DBIA
2015).
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CMGC can be procured using best value or qualifications-based selection. Twelve states were
authorized to use CMGC in 2010 (Gransberg and Shane 2010). Since that report was written,
California, Minnesota, and Tennessee, and have also authorized the use of CMGC.

The reasons to use CMGC vary: time constraints, a need for flexibility, a need for
preconstruction services, a desire for interaction during the design process, and possibly financial
constraints (Gransberg and Shane 2010). According to the Minnesota DOT (MnDOT), the
advantages of using CMGC are that it allows the agency to retain control of the design, it allows
the agency to independently select the best designer and the best contractor, and it can lead to the
faster completion of projects because longer lead times can be accommodated. CMGC also
allows for a more streamlined design and can help to foster innovation in the project
development stage (MnDOT n.d.).

The benefits of using alternative delivery methods are that they give agencies more control over
the cost of the project, accelerate the project schedule, and bring the opportunity for innovation
into the project. As a result of these benefits, alternative delivery methods are beginning to be
used more frequently, and agencies are receiving legislative approval to begin using them.

Decisions Regarding the Use of Alternative Delivery Methods

The decision regarding which project delivery method to use on a project can be critical. A study
by Bingham et al. (2018) found that the factors most influencing the choice of project delivery
method are the urgency of the project, cost of the project, and best method for risk allocation.

A recently completed study (Bypaneni and Tran 2018) identified eight risk factors that impact
the project delivery selection process:

Delays in railroad agreements

Project complexity

Uncertainty in geotechnical investigation

Delays in the right-of-way process

Unexpected encounters with utilities

Work-zone traffic control

Challenges in obtaining environmental documentation
Delays in delivery schedule

Many of the benefits to alternative delivery methods discussed in the previous section may
address some of these identified risks. With any construction project, common general goals
include the following:

e Completing the project on schedule, with minimized project delivery time
e Minimizing the cost of the project and completing the project on budget
e Meeting or exceeding quality expectations
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e Maximizing the life cycle performance of the project

To accomplish these goals, alternative delivery methods can be an attractive means to improve
project efficiency. MnDOT, for example, uses an alternative delivery scoping checklist to
identify projects early that may be candidates for alternative delivery methods. Since the vast
majority of agency projects still use DBB, a checklist approach such as this is beneficial for
identifying the unique projects that would benefit from alternative delivery methods. As an
example, the project features that MnDOT considers in its scoping checklist are shown below
(received via communication with MnDOT). Note that ABC, shown in bold, is identified as an
element to consider.

Total project cost estimate in excess of $20,000,000

Grading in excess of $5,000,000

Complex, costly, or otherwise substantial staging

Complex (e.g., curved steel), unusual, or major bridges

Work on historic bridges or other highly sensitive infrastructure

Highly complicated third-party risks (e.g., railroad, major utilities, Section 4(f) impacts)
Use of alternative pavements

Multiple viable options for interchange type, alignments, or other components (bridge versus
tunnel, stabilized embankment versus wall, etc.)

Highly constrained budgets and room for “scope variation”

Known acceleration needs (e.g., projects that are likely to be advanced in the future)
Major constructability concerns (e.g. access problems, options that may affect design)
Major construction schedule constraints

Significant traffic impacts and delay on major routes (Interstates, principal arterials, etc.)
Implementation of new technology (accelerated bridge construction, BIM, etc.)

A lack of final design staff

Existence of other, similar projects (that could potentially be packaged together)

Should an agency consider using an alternative delivery method (and if it is legislatively able to
do so), a decision-making process for delivery method selection is recommended. Decision
matrices have been developed by many agencies and often consider the following elements:

Delivery schedule

Project complexity

Design responsibilities

Cost

Risks

Experience with alternative delivery methods
Level of desired agency involvement
Contractor experience
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The decision-making processes used by four states and the role of risk assessment in selecting a
project delivery method are described in the following sections.

Minnesota Department of Transportation

MnDOT addresses the decision matrix elements described above in its project delivery selection
process by considering the opportunities and obstacles presented by different project delivery
methods. Figure 4 shows a sample table from MnDOT’s project delivery selection template for
the topic of Project Complexity and Innovation.

DESIGN-BID-BUILD

Opportunities Obstacles
T MnDOT can have more control of design of complex projects | T Innovations can add cost or time and restrain contractor’s
T MaDOT and consultant expertise can select innovation benefits
independently of contractor abilities Z No contractor input to optimize costs
Ul Opportunities for value engineering studies during design, O Limited flexibility for integrated design and construction
more time for design solutions solutions (limited to constructability)
0 Aids in consistency and maintainability ] Difficult to assess construction time and cost due to innovation

1 Full control in selection of design expertise
T Complex design can be resolved and competitively bid

DESIGN-BUILD
Opportunities Obstacles
1 Designer and contractor collaborate to optimize means and ] Requires desired solutions to complex designs to be well
methods and enhance innovation defined through technical requirements (difficult to do)
| Opportunity for innovation through draft RFP, best value and Tl Qualitative designs are difficult to define (example._ aesthetics)
ATC processes T Risk of time or cost constraints on designer inhibiting
1 Can use best-value procurement to select design-builder with innovation
best qualifications T Some desiga solutions might be too innovative or
] Constructability and VE inherent in process unacceptable
O Early team integration T Quality assurance for innovative processes are difficult to
T Sole point of responsibility define in RFP
CMGC
Opportunities Obstacles
_ Highly innovative process through 3 party collaboration  Process depends on designer/CM relationship
T Allows MnDOT the control of a designer/contractor process T No contractual relationship between designer/CM
for developing innovative solutions T Innovations can add cost or time

T Allows for an independent selection of the best qualified

designer and best qualified contractor _ . . A
T VE inherent in process and enhanced constructability _l Preconstruction services fees for contractor involvement
T Cost competitiveness — single source negotiated GMP

Z Scope additions can be difficult to manage

1 Risk of innovation can be better defined and minimized and
allocated
1 Can take to market for bidding as contingency

MnDOT 2015

Figure 4. MnDOT’s project delivery opportunity and obstacle checklist for project
complexity elements

Identifying the opportunities and obstacles that are unique to each project can provide a clear
choice of project delivery method. Often, the inherently short durations of ABC projects add a
degree of complexity to the project as a whole. As such, ABC projects tend to lend themselves
well to alternative delivery methods if those are available to an agency.
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To better compare the three main project delivery methods discussed in this report in terms of
MnDOT’s decision matrix, Table 1 summarizes the characteristics of each method.
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Table 1. Summary of opportunities and obstacles for three project delivery methods

Method

Opportunities

Obstacles

DBB

DOT, contractors, and consultants have a high level of
experience with the traditional system

Schedule is more predictable and more manageable
Short procurement period

Time to communicate/discuss design with stakeholders
MnDOT has complete control over the design
Competitive bidding provides low cost construction for
a fully defined scope of work

Increased certainty about cost estimates

Risk allocation is widely understood/used

Reduced chance of corruption and collusion

Requires time to perform a linear design-bid-
construction process

Design and construction schedules can be unrealistic
due to lack of industry input

No contractor input to optimize costs

Minimizes competitive innovation opportunities

Can reduce the level of constructability since the
contractor is not brought into the project until after the
design is complete

Cost reductions due to contractor innovation and
constructability are difficult to obtain

DOT accepts risks associated with project complexity
(the inability of designer to be all-knowing about
construction) and project unknowns

Low bid-related risks

Can require a high level of DOT staffing of technical
resources

No contractor input into the process
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Method

Opportunities

Obstacles

DB

Less DOT staff required due to the sole-source nature
of DB

Potential to accelerate schedule through parallel DB
process

Shifts schedule risk to DB team

Allows innovation in resource loading and scheduling
by DB team

Designer and contractor collaborate to optimize means
and methods and enhance innovation

Does not require much design to be completed before
awarding project to the designer-builder (between
~10% and 30% complete)

Performance specifications can allow for alternative
risk allocations to the designer-builder

Avoids low bid risk in procurement

Two-phase process can promote strong teaming to
obtain “best value”

Request for proposal development and procurement can
be extensive

Must have very clear definitions and requirements in
the RFP because it is the basis for the contract

If design is too far advanced, it will limit the
advantages of DB

Less DOT control over design

Unknowns and associated risks need to be carefully
allocated through a well-defined scope and contract
Limitation of availability of DOT staff with skills,
knowledge, and personality to manage DB projects
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Method

Opportunities

Obstacles

CMGC

More efficient procurement of long-lead items

Can provide a shorter procurement schedule than DB
Team involvement for schedule optimization
Contractor input for phasing, constructability, and
traffic control may reduce overall schedule
DOT-designer-contractor collaboration to reduce
project risk can result in low project costs

Cost is known earlier than for DBB

Contractor can have a better understanding of the
unknown conditions as design progresses

Innovative opportunities to allocate risks to different
parties (e.g., schedule, means and methods, phasing)
DOT can improve efficiency by having more project
managers on staff than specialized experts

Strong DOT management is required to control
schedule

Process depends on designer-construction manager
relationship

Scope additions can be difficult to manage

Cost competitiveness: GMP negotiated by a single
source

Three-party process can slow progression of design
Non-competitive negotiated GMP introduces price risk
Limited to risk capabilities of CMGC

Limitation of availability of MnDOT staff with skills,
knowledge, and personality to manage CMGC projects
DOT must learn how to negotiate GMP projects
Currently, a large pool of contractors with experience
in CMGC is not available, which reduces competition
and availability

Source: MnDOT 2015
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While this list is not exhaustive, it provides a good starting point to compare and contrast the
strengths and weaknesses of each delivery method.

When considering CMGC, for example, it is not as likely that the agency will receive an
extremely competitive bid, because the contractor is not competing against other contractors but
instead against an independent cost estimate. This means that, while the price may be fair, it is
not necessarily the low price that would result from using the DBB method. However, the
contractor will be experienced and have an incentive to avoid claims or significant disputes
because the contractor is involved in the project from the beginning. This risk assessment is
considered up front and allows the risk to shift more to the contractor than the agency.

Utah Department of Transportation

The Utah DOT (UDOT) is among the most experienced when it comes to using CMGC. As such,
the agency has developed a process for selecting CMGC for a given project. This process has
three phases: the concept phase, the design phase, and the construction phase. If CMGC is
selected during the concept phase, the project moves into the design phase, and a consultant and
CMGC are procured. During the concept phase, a risk analysis is conducted, and the results are
shown to an evaluation team that compares the project to the characteristics of the delivery
methods. It is also worth noting that if the project is federally funded, approval from the FHWA
is needed before moving forward with CMGC (Gransberg and Shane 2010).

UDOT has developed a document identifying essential elements, applicability, advantages,
risks/limitations, and procurement methods for each of the delivery methods that it uses: DBB,
CMGC, DB, and progressive DB. Table 2 compares the three methods examined in the present
study.
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Table 2. UDOT project delivery method decision matrix

needs to completely define
the scope

Project scope can be best
defined using prescriptive
specifications

Significant risks or third-
party issues that can be best
resolved or managed by the
agency

innovation in design or
construction

Projects having a high sense
of urgency that would benefit
from an expedited project
delivery

Well-defined project scope
Projects having manageable
public controversy, third-
party issues, or environmental
issues

Performance specifications

Delivery
Method DBB DB CMGC
Essential e Traditional delivery system | ¢ Combines design and e Construction contract is negotiable
Elements e  Owner contracts separately construction under a single e Selection criteria include
for design and construction contract qualifications, experience, strategic
services e Two-phase selection process approach, and price elements
e Bid based on complete using qualifications in the e Owner contracts separately for design
plans and specifications first phase and price plus and construction services
e Owner retains high level of technical componentsinthe | e  Owner engages a construction
control and risk second phase manager to act as a construction
e Traditionally a lump sum advisor during preconstruction and
contract general contractor during construction
Applicability e Projects where the owner e Projects that benefit from e Projects where owner requires greater

control of design

Projects with multiple phases and
contracts

Go slow to go fast

Concept-level-only scope

Complete or obtainable environmental
documents and permits for the entire
project

Established project footprint

Time or funding constraints*
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Delivery
Method

DBB

CMGC

Advantages

e Applicable to a wide range
or projects

e Well established and easily
understood

e Owner retains design
control

e Provides the lowest initial
price that responsible,
competitive bidders can
offer

e No legal barriers in
procurement and licensing

e Well-established legal
precedents

Streamlines and enhances
coordination through a single
point of responsibility for
design and construction
May reduce design and
construction duration
Allows accelerated delivery
by fast-tracking design and
construction in phased
packages

Earlier schedule and cost
certainty

Can reduce owner risks

Identifies and reduces/mitigates risk
Allows fast-tracking of early
procurement items and construction
phases prior to completed design
Transparent pricing

Owner issues addressed prior to price
development, with cost certainty
earlier in the process

Can send project out to DBB if a fair
price cannot be negotiated

Reduces errors, change orders, and
material overruns
Minimizes/eliminates need for
lengthy procurement

Owner retains control over design
Opportunity for shared savings
provides an incentive for construction
manager (CM) to control costs and
work within funding limits

Allows for innovation, quality, and constructability review during design*

Improves constructability*
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Delivery
Method

DBB

DB

CMGC

Risks/limitations

e Tends to yield base-level
quality

e Higher level of
inspections/testing by the
agency

e Initial low bid might not
result in ultimate lowest cost
or final base value

e Agency bears risk of design
adequacy

Potential to reduce
opportunities for smaller
construction firms

Less owner control over final
design

Higher procurement costs and
stipends for proposers
Traditional funding may not
support fast-tracking
construction or may require
accelerated cash flow
Considerable time needed for
RFP creation

Potential appearance of unfairness in
sole-source selection process
Potential for failure to agree on price
and may require extra time to send
project out for bid

Added CM fees during
preconstruction

Fair market price, not lowest price

Procurement
Methods

Qualified low bid
A+B bidding
Alternate bids
Additive alternates

Best value selection with
price component
Quialified low bid

Best value selection based solely on
qualifications

*Similarities between DB and CMGC

Source: UDOT 2018
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This table enables UDOT to compare the project delivery methods and discuss which delivery
method is best for a given project.

While it may appear that a best value approach puts an innovative bid and a low bid at odds,
many agencies have found that this is not the case. An interview with the UDOT revealed that
the agency has had many projects in which the low bid for DB was also associated with the
highest technical score. This is likely because the contractor had put in a great amount of
preparatory work to understand the project and had bid properly and efficiently, implementing
innovation where possible to save either time or money against conventional approaches. In
these cases, the bid process results in increased innovation, but the agency does not pay a
premium for it.

Arizona Department of Transportation

The Arizona DOT (ADOT) has developed a scoring method to determine the project delivery
methods. This scoring method compares DBB, DB, and construction manager at risk (i.e.,
CMGC). The scoring sheet takes into account project-level, agency-level, policy/regulatory-
level, and special consideration criteria. In this process, the project team weights the project’s
goals in order to determine the appropriate delivery method for the specific project. The scoring
summary, shown in Table 3, does include suggested weights for the factors, but teams can
modify these weights.
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Table 3. ADOT project delivery method scoring summary

Weight of Weight of
Selection Factor Selection Factor Individual Goal
40% Project Level

Project complexity 20
Budget 20
Schedule 20
Risk 20
Scope 20
20% Agency Level
Staffing availability int/ext | 20
Experience int/ext 20

Agency goals/objectives 20
Agency control of project | 20
Third party coordination 20

20% Policy/Regulatory Level
Balanced procurement 30
Environmental regulations | 30
Tribal impacts 20
Stakeholder/community 20

20% Special Considerations
Total project delivery cost | 30
Staffing pressures 30
Modification opportunities | 20
Project life cycle costs 20

Source: ADOT n.d.
Colorado Department of Transportation

The Colorado DOT (CDOT) has a three-stage process for determining the project delivery
method for a project, as shown in Figure 5.

25



Project Delivery
Method Selection

v v v v

— - -
] List Project Reylew Ider_mfy Discuss
(o)) . Project Project . )
o] Attributes - Project Risks
b Goals Constraints
A 2
Assess Primary Evaluation Factors:
1) Project Complexity and Innovation
2) Delivery Schedule
3) Project Cost Considerations
4) Level of Design
N
[0}
g
I3} 5) Perform risk Does primary factors 5) Perform risk
assessment for all assessment indicate an assessment for
possible methods optimal method? optimal method
Pass/Fail assessment of
5 e ] e YES secondary rfna;:ttt?;zlfor optimal
m%s;szpirgprrlgtke? n 6) Staff Experience/Availability
9ing : 7) Level of Oversight & Control
8) Competition & Contractor Exp.
™
[}
)]
©
S
n
Perform evaluation Does optimal method
of secondary factors pass for all secondary
for all methods

factors?

YES

Delivery Method

Selected

CDOT 2019
Figure 5. CDOT project delivery selection process

CDOT emphasizes that “no single project delivery method is appropriate for every project. Each
project must be examined individually to determine how it aligns with the attributes of each
available delivery method.”
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To examine each project, typically three to seven people are asked to participate in the analysis
process. Participants are asked to complete the Project Delivery Description, Project Delivery
Goals, and Project Delivery Constraints worksheets prior to attending a workshop for the project,
which constitutes a majority of Stage 1.

The Project Delivery Description worksheet includes project attribute information such as the
project’s name, location, estimated budget, required delivery date, funding amount, features of
work, major milestones, stakeholders, obstacles, safety issues, and sustainability requirements.
The Project Delivery Goals worksheet allows the participants to specify the goals for the project.
General example goals are included on the worksheet, but participants are encouraged to think
beyond these. The Project Delivery Constraints worksheet allows for identification of general
constraints related to funding, financing, schedule, laws, and third-party agreements, along with
project-specific constraints. Again, a list of general project constraints is provided, but
participants are encouraged to think beyond these general constraints.

At the project workshop, participants complete Stage 1 by reconciling their lists from their
individually completed worksheets and discussing the project risks.

Other worksheets and forms that participants complete throughout subsequent stages of the
selection process include a Project Risk worksheet and a Project Delivery Selection Matrix and
Summary form. The Project Delivery Decision Selection Matrix and Summary form allows
participants to begin the second and third stages of the selection process by considering the
project delivery method to be used. In Stage 2, participants document the opportunities and
obstacles of each delivery method in terms of five primary selection factors. During Stage 3,
three secondary selection factors are reviewed by the workshop participants. The primary and
secondary factors from Stages 2 and 3 are each assigned a rating by participants. Table 4
summarizes these primary and secondary factors.

27



Table 4. CDOT project delivery selection matrix

Selection Factor

Delivery
Method

Consideration

Primary

Project Complexity
and Innovation

DBB

Allows agency to fully resolve complex design issues and qualitatively evaluate designs before
procurement of the general contractor. Innovation is provided by agency/consultant expertise
and through traditional agency-directed processes such as value engineering (VE) studies and
contractor bid alternatives.

DB

Incorporates designer-builder input into design process through best value selection and
contractor-proposed alternate technical concepts (ATCs), which are a cost-oriented approach to
providing complex and innovative designs. Requires that desired solutions to complex projects
be well defined through contract requirements.

CMGC

Allows independent selection of designer and contractor based on qualifications and other
factors to jointly address complex innovative designs through three-party collaboration
between agency, designer and contractor. Allows for a qualitative (non-price-oriented) design
but requires agreement on construction agreed price (CAP).

Delivery Schedule

DBB

Requires time to perform sequential design and procurement, but if design time is available has
the shortest procurement time after the design is complete.

DB

Ability to get project under construction before completing design. Parallel process of design
and construction can accelerate project delivery schedule; however, procurement time can be
lengthy due to the time necessary to develop an adequate RFP, evaluate proposals, and provide
for a fair, transparent selection process.

CMGC

Quickly gets contractor under contract and under construction to meet funding obligations
before completing design. Parallel process of development of contract requirements, design,
procurements, and construction can accelerate project schedule. However, schedule can be
slowed down by coordinating design-related issues between the CM and designer and by the
process of reaching a reasonable CAP.
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Selection Factor

Delivery
Method

Consideration

Level of Design

DBB

100% design by agency or contracted design team, with agency having complete control over
the design.

DB

Design advanced by agency to the level necessary to precisely define contract requirements
and properly allocate risk (typically 30% or less).

CMGC

Can use a lower level of design prior to procurement of the CMGC and then joint collaboration
of agency, designer, and CMGC in the further development of the design. Iterative nature of
design process risks extending the project schedule.

Project Cost
Considerations

DBB

Competitive bidding provides low-cost construction for a fully defined scope of work. Cost
accuracy limited until design is completed. More likelihood of cost change orders due to
contractor having no design responsibility.

DB

Designer-builder collaboration and ATCs can provide a cost-efficient response to project goals.
Costs are determined with design-build proposal early in design process. Allows a variable
scope bid to match a fixed budget. Poor risk allocation can result in high contingencies.

CMGC

Agency-designer-contractor collaboration to reduce risk pricing can provide a low-cost project;
however, non-competitive negotiated CAP introduces price risk. Good flexibility to design to a
budget.

Risk Assessment

DBB

Risk allocation for design-bid-build is best understood by the industry but requires that most
design-related risks and third-party risks be resolved prior to procurement to avoid costly
contractor contingency pricing, change orders, and potential claims.

DB

Provides opportunity to properly allocate risks to the party best able to manage them, but
requires risks allocated to designer-builder to be well defined to minimize contractor
contingency pricing of risks.

CMGC

Provides opportunity for agency, designer, and contractor to collectively identify and minimize
project risks and allocate risk to appropriate party. Has potential to minimize contractor
contingency pricing of risk but can lose the element of competition in pricing.
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Delivery

Selection Factor Method Consideration

Secondary

Staff Experience and | DBB Technical and management resources necessary to perform the design and plan development.
Availability Resource needs can be more spread out.

DB Technical and management resources and expertise necessary to develop the RFQ and RFP and
administer the procurement. Concurrent need for both design and construction resources to
oversee the implementation.

CMGC Strong, committed agency project management resources are important for success of the
CMGC process. Resource needs are similar to DBB, except agency must coordinate CM’s
input with the project designer and be prepared for CAP negotiations.

Level of Oversight DBB Full control over a linear design and construction process.

and Control DB Less control over the design (design desires must be written into the RFP contract
requirements). Generally less control over the construction process (designer-builder often has
quality assurance [QA] responsibilities).

CMGC Most control by agency over both the design and construction and over a collaborative agency-
designer-contractor project team.

Competition and DBB High level of competition, but general contractor (GC) selection is based solely on low price.

Contractor High level of marketplace experience.

Experience DB Allows for a balance of price and non-price factors in the selection process. Medium level of
marketplace experience.

CMGC Allows for the selection of the single most qualified contractor, but CAP can limit price

competition. Low level of marketplace experience.

Source: CDOT 2019
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For each delivery method, information is provided to aid participants in identifying the aspects of
the methods relevant to the different factors. Items specifically related to ABC concepts include
the opportunities to accelerate the project schedule under both DB and CMGC because of their
parallel processes. This feature of these methods is also noted as a design and construction risk
because of the potential pressure on the schedule. CMGC is also noted for being “valuable for
new non-standard types of designs where it is difficult for the agency to develop the technical
requirements that would be necessary for [DB] without industry input” (CDOT 2019).

The participants then rate each factor for each method, indicating the appropriateness of each
delivery method for the project. Instead of using a numerical rating, as seen in other states,
CDOT uses a graphical representation to indicate most to least appropriate, as shown in Figure 6.

Rating Key
++ Most appropriate delivery method
+ Appropriate delivery method

- Least appropriate delivery method
X Fatal Flaw (discontinue evaluation of this method)

NA Factor not applicable or not relevant to the selection

CDOT 2019
Figure 6. CDOT project delivery method opportunity/obstacle rating key

Risk Assessment

While project complexity and timeline are often concepts an agency considers when choosing
among alternative delivery methods, another is assessing risk, which is a component of many of
the decision-making processes summarized above. Risk assessment is a part of every project,
regardless of delivery method, but is especially important when selecting alternative delivery
methods. To highlight the risks that have been identified by MnDOT, Figure 7 shows a sample of
the agency’s project delivery selection template, which includes many important scenarios to
consider. Again, note that some of these items also appear in the decision matrices of the other
states described above.
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Environmental Risks External Risks

] Delay in review of environmental documentation I 5takeholders request late changes
] Challenge in appropriate environmental documentation CInfluential stakeholders request additional needs to serve their
O Defined and non-defined hazardous waste own commercial purposes

O Environmental regulation changes —Local communities pose objections

] Eavironmental impact statement (EI3) required Community relations
T NEPA/404 Merger Process required

T Eavironmental analysiz on new alignments required

T Conformance with regulations/guidelines/ design criteria

Olnterzovernmental agreements and jurizdiction

Third-Party Risks Geotechnical and Hazmat Risks
O Unforezeen delays due to utility owner and third-party CUnexpected geotechnical izsues
O Eacounter unexpected utilities during construction U Surveys late and/or in error
O Cost sharing with utilities not as planned CHazardous waste site analysis incomplete or in error
O Utility integration with project not as planned CInadequate geotechnical investigations
O Third-party delays during construction O Adverse groundwater conditions
T Coordination with other projects Tl Other general geotechnical risks
 Coordination with other government agencies
Right-of- Way/ Real Estate Risks Design Risks
_ Railroad involvement  Dezign is incomplete/ Dezign exceptions
Z Objections to ROW appraizal take more time and/or money Z Scope definition is poor or incomplete
Z Excesszive relocation or demolition Z Project purpose and need are poorly defined
O Acquizition ROW problems Z Communication breakdown with project team
 Difficult or additional condemnation  Pressure to delivery project on an accelerated schedule
T Accelerating pace of development in project corridor T Constructability of design issues
T Additional ROW purchase due to alignment change T Project complexity - scope, schedule, objectives, cost, and
deliverables - are not clearly understood
Organizational Risks Construction Risks
 Inexperienced staff assigned  Pressure to delivery project on an accelerated schedule.
O Losing critical staff at crucial point of the project  Inaccurate contract time estimates
_ Functional units not available or overloaded _ Construction QC/QA issues
T No control over staff priorities T Unclear contract documents
Z Lack of coordination’ communication Z Problem with construction sequencing/staging/phazing
T Local MnDOT issues T Maintenance of Traffic/Work Zone Traffic Control

T Internal red tape causes delay getting approvals, decisions

T Too many projects/new priority project inserted into program

MnDOT 2015

Figure 7. General project risks to consider, per MnDOT’s selection process
Supplemental Agency Interview Information Related to Alternative Delivery Methods

During the information collection efforts associated with this project, which included both
interviews with agency representatives and a review of existing literature, the importance of
letting the project drive the choice of delivery method was a common theme. A well-suited
project delivery method is critical for projects that include complexities associated with, for
example, traffic phasing or significant public relations needs. A CDOT representative noted that
when CMGC is the method used, the contractor’s qualifications that are necessitated by the
project can be identified during the contractor selection process to ensure that the contractor has
the requisite amount of relevant experience prior to the work beginning. This type of contractor
preselection is not possible with traditional DBB projects and low bid procurement, though
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agencies are developing new methods to adapt to these needs via prequalified bidder
identification efforts that would allow agencies to disqualify contractors that do not have the
needed capabilities prior to bidding.

All of the agency representatives interviewed for this research project expressed that while they
may not receive the lowest possible bid on a project that uses CMGC, they feel that they get a
good value overall for the project. This is because of the savings due to the reduced number of
change orders, increased innovation during the design process, a shift of risk from the agency to
the contractor, and other factors. In other words, while the lowest bid may not always result from
CMGC, the value added due to the collaboration between the contractor and the agency allows
for other savings to be realized. When comparing the costs of different delivery methods for a
project, it is important to identify where the cost of the project is being measured. If the cost of
the project is measured on bid day, CMGC is typically costlier than traditional DBB. However, a
UDOT representative noted during the interview that if the cost is measured at project close-out,
the cost of CMGC is lower than or approximately equal to the cost of DBB. This close-out cost
takes into account the savings due to the reduced number of change orders for CMGC compared
to DBB delivery, which are associated with unforeseen conditions and utilities, right-of-way
delays, and other risks.

Not all projects can or should be completed using alternative delivery methods, including ABC
projects. Once particular ABC methods have been used by an agency and familiarity has been
achieved, the benefits of alternative delivery methods begin to taper off unless other project
complexities exist. Taking all variables into account during the project delivery selection process
is therefore critical to achieving efficient and cost-effective project delivery.
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CASE STUDIES
Methodology

Several ABC projects listed in the ABC-UTC database on the ABC-UTC website
(http://utcdb.fiu.edu/) were identified as candidates for case studies. The research team targeted
ABC projects that had been completed in the last five years (2013-2018).

The research team then reached out to relevant personnel who had been involved in the projects,
including agency staff and, when possible, the contractor, to discuss the bid items, contracting
methods used, and lessons learned about the design and construction of the bridges. The research
team ultimately conducted interviews with people in three states (Georgia, Indiana, and
Minnesota) that covered four projects.

The results of this information collection are included in this report, as well as in four standalone
case study summaries that can be found on the ABC-UTC website at the following hyperlinks:

Larpenteur Avenue — Minnesota ABC Case Study
Keller Lake, Minnesota, ABC Case Study

Indiana ABC Case Study

Atlanta, Georgia, Courtland Street ABC Case Study
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http://utcdb.fiu.edu/
https://abc-utc.fiu.edu/wp-content/uploads/sites/52/2019/09/Larpenteur_Minnesota_ABC_case_study_t2.pdf
https://abc-utc.fiu.edu/wp-content/uploads/sites/52/2019/09/Larpenteur_Minnesota_ABC_case_study_t2.pdf
https://abc-utc.fiu.edu/wp-content/uploads/sites/52/2019/09/Keller_Lake_ABC_case_study_t2.pdf
https://abc-utc.fiu.edu/wp-content/uploads/sites/52/2019/07/Indiana_ABC_case_study_t2.pdf
https://abc-utc.fiu.edu/wp-content/uploads/sites/52/2019/09/Atlanta_Georgia_ABC_case_study_t2.pdf

Case Study 1
Project Description

The Larpenteur Avenue bridge over 1-35E north of downtown St. Paul, Minnesota was replaced
as part of MnDOT’s I-35E MnPASS Express Lane project.

Map data © 2019 Google, https://www.qooqIe.com/maps/search/Larpenteur+A\/enue+bridqe+over+I-
35E/@44.9784196,-93.1075428,14z

Figure 8. Location of the Larpenteur Avenue bridge over 1-35E, north of downtown St.
Paul and 1-94 in Minnesota

The I-35E MnPASS project was designed to add capacity to 1-35E, and to reconstruct nine
bridges throughout the corridor, between Maryland Avenue on the south and Little Canada Road
on the north.
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Why ABC

Unlike most ABC projects, the Larpenteur Avenue bridge was not identified as an ABC project
by the DOT. Instead, it was proposed by the contractor during the bidding process.

The proposal of an ABC solution to the bridge replacement had the benefit of reduced closure
time for Larpenteur Avenue, perhaps giving the contractor an advantage on a project with a
heavy focus on maintenance of traffic. This serves as a great example of innovative solutions that
can come from the flexibility allowed in the proposal process.
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Figure 9. Construction of the Larpenteur Avenue bridge

Design and Estimating

The project delivery system was DB. This resulted in the design builder being responsible for the
design and estimating for the project, including the design of the slide-in mechanism.
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ABC Procurement

The project was procured using a best-value procurement for the selection. One of the criteria for
the technical proposal was the closure time for Larpenteur Avenue. As previously mentioned, the
ABC component that was proposed by the selected contractor provided reduced closure times,
thus making their proposal more attractive.

The winning bid involved closing Larpenteur Avenue for 47 days, while the estimate for
conventional construction was closer to 100 days. The slide-in technique required closing 1-35E
for two nights as the bridge was moved over the interstate.
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Figure 10. Nighttime work on the Larpenteur Avenue bridge over I-35E
Contracting

The contract did not have any incentives or disincentives. However, there were penalties for the
contractor if more days were needed than the contracted amount.
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In Minnesota, most projects are DBB, although, on occasion, the state will utilize alternative
contracting methods such as design-build or CMGC when deemed advantageous for the project.

Design-build was authorized by the Minnesota legislature in 2001 and was used for this project.
Another alternative delivery method, CMGC, was authorized by the legislature in 2012 on a test
basis. The legislation allowed MnDOT to have 10 CMGC projects total, while there can only be
four CMGC projects per calendar year.

ABC Construction

The contractor utilized steel pile bents to hold the new permanent superstructure in the temporary
position. Traffic was allowed to continue using the old Larpenteur Avenue bridge, while the
contractor constructed the steel pile bents and the new superstructure.

Since the new bridge was on the exact same alignment and location as the existing bridge, the
existing bridge had to be closed to build the new substructure. Demolition began on the old
superstructure and substructure. Once demolition was complete, the new substructure was
constructed.

After the superstructure and substructure were completed, the superstructure was slid onto the
new substructure. During the slide effort, there were issues with the bridge moving laterally and
difficulty overcoming the friction of the slide system. These complications, among other factors,
resulted in the contractor needing to close 1-35E an additional night to complete the slide.

Key Takeaways
e For construction, it is recommended to have multiple contingency plans.

e Contractors might propose ABC if it makes their proposal more attractive.
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Case Study 2
Project Description

The second case study for MNnDOT was the replacement of two side-by-side bridges on
Minnesota Trunk Highway (TH) 36 over Keller Lake, in Maplewood, Minnesota, north of Saint
Paul.

7~ N

B Seme

\\\ 4
g .

St Paul

Map data © 2019 Google, https://www.google.com/maps/@45.0111804,-93.0685791,2014m/data=!3m1!1e3

Figure 11. Location of the Keller Lake bridges on TH 36, in Maplewood, Minnesota, north
of Saint Paul

MnDOT utilized ABC techniques. The project was used as a trial for MnDOT to test several
innovative technologies, including precast bridge elements and an inverted T-beam system. The
inverted T-beam technology had been identified for possible ABC by the former state bridge

39


https://www.google.com/maps/@45.0111804,-93.0685791,2014m/data=!3m1!1e3

engineer on a scanning tour and had been undergoing non-accelerated trial installations since
2005.

| nDOT
Figure 12. Completed Keller Lake bridge on TH 36 in Maplewood, Minnesota

Why ABC

The project was chosen for ABC because the construction season was limited for these bridges,
and TH 36 in this area is a high-volume route and re-alignment of the route for off-line bridge
construction was not an option. This was combined with the fact that MnDOT was planning to
replace two bridges in the area at the same time, leading to dense construction activity. In
addition, there was a bald eagle nest in the vicinity of the project that limited construction
activities between August 1 and January 15 to avoid unwanted impact to the nest.

ABC Procurement and Bidding

The project was procured using DBB. MnDOT detailed several precast elements as part of this
project, including precast substructures and an inverted-T superstructure. In using all precast
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elements, the precast pick weights and corresponding crane reach were investigated in an attempt
to balance the equipment needs to complete construction.

All precast elements were required to be cast in a Precast/Prestressed Concrete Institute-certified
(PCl-certified) plant because of the tight tolerances. After the job was completed, the contractors
also noted that they would have been reluctant to self-perform precasting due to increased risk
should MnDOT reject the product or impose penalties on the project with such a tight schedule.

Contracting

The contract that was awarded included disincentives of $7,500 per calendar day. The bridge
construction cost was approximately $2.1 million for 10,615 square feet, which translates to
roughly $195 per square foot. In comparison, conventional precast beam bridges with cast-in-
place (CIP) substructures in 2013 were averaging between $110 and $130 per square foot
without the time constraints. Typical bridge construction duration for three-span slab spans
without time constraints is between 3.5 and 5 months.

ABC Construction

Several innovative technologies were utilized in this trial project. The project utilized substantial
precast elements: precast piles, precast pile bent caps, precast stub abutments, and precast
inverted T-beams, which serve as a permanent form for a CIP deck with a single layer of
reinforcing steel.
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MnDOT

Figure 13. Keller Lake precast concrete bridge construction including inverted-T geometry
(top)

The inverted T-beam is a prestressed beam that fully forms the underside soffit and eliminates
the need for significant forming over water. Precast piles were utilized in this project because of
both aesthetics and the perception that pile driving noise would be minimized to avoid
disturbance of the nearby eagle nest.

This project was completed using staged construction. The prestressed concrete piles for the
abutments and piers were driven, followed by setting precast abutments and pier caps on
temporary brackets to establish the bearing seat grade. The piles extended into the precast
substructure through full-depth openings and were grouted with a conventional substructure
concrete mix with smaller aggregate.
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MnDOT

Figure 14. Precast abutment setting over piles with projecting, hooked, reinforcing steel
bars

After grouting the substructure units, the inverted T-beams were placed for the three-span bridge
using a crane. The beams were set on narrow elastomeric pads that extended the full length of the
substructure.
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MnDOT

Figure 15. Precast abutment set showing pile grout pockets with wingwalls that consisted of
a permanent sheetpile wall with a CIP facing and top coping

At the piers and abutments, dowels extended up into the coped areas of the flanges to tie the
superstructure to the substructure. These dowels were isolated from the superstructure by using
pipe insulation. The isolation of the dowels frees up local restraints to permit superstructure
thermal expansion, free of significant substructure restraint.

The abutment configuration was therefore a hybrid of the semi-integral abutments that MNnDOT
uses elsewhere, with integral abutment behavior acting when the dowels become engaged.
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The inverted T-beam system had been through five iterations of design and detailing changes,
with the first bridge trials starting in 2005. Each construction implementation resulted in various
degrees of deck cracking over time. It was believed that the cracking was due to a combination
of thermal restraint, creep and shrinkage restraint moment, and deck shrinkage restraint over the
large webs with longitudinal troughs of diaphragms.

In response, small details and deck reinforcing were changed in each bridge design, including
modifications to the precast shape to soften stress concentrations. After several studies and years
of mapping crack patterns, the major deck cracking factors were determined instead to be mix
design related, with substructure fixity detailing and reinforcement detailing contributing to a
lesser degree.

The Keller Lake bridge was not only the highest volume inverted T-beam bridge built at the
time, but it was also built in two stages with separate superstructures. This configuration afforded
the opportunity to introduce nonmetallic fibers as a means to control deck cracking alongside a
control superstructure with identical detailing. MnDOT included 7.5 pounds per cubic yard of
micro-macro fibers into the eastbound structure.

A year after opening to traffic, the westbound control deck was showing high levels of cracking,
which was treated by the addition of a 3/8-inch thick polymer wearing course. The eastbound
deck with fibers did not show cracking levels of any concern over three years of detailed crack-

mapping.

To date, it remains a good performer in terms of deck cracking levels. The success of fibers in
this inverted T-beam construction, where all prior T-beam bridges were resulting in deck
cracking, was responsible for MnDOT moving to include fiber requirements in all bridge deck
mixes starting in 2017,

Summary

This bridge replacement was accomplished rapidly with the westbound structure taking 29 days
to complete and the eastbound structure taking 36 days to complete. The overall response was
that the precast piers, piles, and deck panels worked well and helped to accelerate the schedule. It
is believed, however, that the precast stub abutments did not provide much value in accelerating
the schedule and were the heaviest elements to pick and set.

MnDOT is looking to expand the use of the inverted T-beam system in the future where
acceleration for a slab span-type superstructure would be beneficial. In all inverted T-beams, a
moderate dosage of fibers is recommended to mitigate deck cracking.
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Figure 20. Keller Lake Bridge view from trail under bridge

Key Takeaways

Contractors would prefer CIP elements over precast elements for heavy substructure
components. Precast stub abutments weren’t found to add much acceleration value.

e Precast substructure elements can lead to higher bids for the work, or fewer bids if it is a
limiting factor for contractors.

e Shifting risk to contractors during the bidding process tends to increase bid dollar amounts.

e The most successful component of the bridge was the inverted T-beam system in
combination with non-metallic fibers.

e Non-metallic fibers resulted in reduced deck cracking and are now used in most deck
placements statewide in Minnesota.
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Case Study 3
Project Description

This case study was an ABC project for twin bridges over State Road (SR) 121, carrying both
east and westbound 1-70 in Wayne County, Indiana.

.V‘D New Paris

© 2016 Google, https://www.in.gov/indot/images/170%20at%20SR%20121.png

Figure 21. Location of the 1-70 bridge over SR 121 in east central Indiana

The project was originally slated to be constructed using conventional means of project delivery,
and the Indiana DOT (INDOT) initially procured a designer for the conventional design.
However, once a field visit was conducted, it became apparent that this project was a candidate
for accelerated bridge construction.

The agency began developing plans for two types of ABC: slide-in and self-propelled modular
transport (SPMT). The plan for construction was to maintain traffic on the existing bridge while
the substructure was created for the replacement bridge. Once the substructure was completed,
traffic over the existing bridge was closed, and the contractor had eight days to move in the new
bridge superstructure and reopen the roadway to traffic. The project delivery system was design-
bid-build utilizing the A+B bid method.

51


https://www.in.gov/indot/images/I70%20at%20SR%20121.png

© 2019 American Structurepoint, https://www.structurepoint.com/engineering-and-infrastructure/project/walsh-i-
70-over-sr-121-slide-in-bridge

Bt

Figure 22. 1-70 over SR 121 in Wayne County, Indiana
Why ABC

The project was identified as an ABC candidate primarily because of the presence of an available
staging area next to the bridge site. The staging area allowed for either SPMT or slide-in
construction. In addition, INDOT designated the project as an ABC candidate in order to develop
experience with this type of construction within the agency.

Design and Cost Estimating

The schedule for the project was developed using the critical path method and discussions with
INDOT construction staff. The cost estimate for the project was developed using the ABC-UTC
webpage, which at the time of planning was up to date with bid tabs that allowed INDOT staff to
evaluate and compare projects that were relevant to the INDOT project. The risk that was
included in the estimate was included in the slide-in unit bid.

Input provided by INDOT’s Traffic Section stated that closures on Fridays should be avoided
due to the high traffic volumes during the afternoon peak. The Traffic Section also recommended
avoiding closures during the summer months.

ABC Procurement

In Indiana, most projects are DBB and are procured using low-bid procurement, although some
projects are DB.
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The design consultant for the project was procured via an RFQ. The contractor was procured
using A+B bidding. A+B bidding is a cost-plus-time bidding procedure.

The A component of the bid is similar to low-bid, representing the unit prices for the contract.
The B component is the number of days that the contractor expects the work to take. The A
component is then added to the B component to generate the contractor’s final bid. The bidder
with the lowest final bid (both components) is awarded the contract, for the amount specified in
the A component of the bid.

In this case, the A component included the typical low-bid unit prices used for state construction
projects, such as concrete per cubic yard and reinforcing steel bar per pound. The B component
included an estimation of the cost to road users of construction on the roadway. The A+B
bidding method was used to allow for closure time to be considered, instead of only the low-bid
procurement amount.

INDOT took the unusual step of developing two plan sets for this project, one for slide-in bridge
construction and the other for SPMT. INDOT requested the two plan sets to gauge contractors’
interest in both types of ABC. Contractors had to select one option in their bid. Bids were only
received for the slide-in plan set. The SPMT option was not bid due to the high cost of the
equipment, along with contractor concerns of constructability due to the small stroke of the
SPMT equipment.

Contracting

The contract included incentives and disincentives based on the cost to road users of
construction. The road user costs used to develop the incentives and disincentives were
developed and adjusted by INDOT construction staff.

The incentives were capped at $170,000 for both the eastbound and westbound lanes of the
bridge, and the incentives on SR 121 were capped at an additional $50,000. The contract also
provided incentives to encourage the contractor to avoid construction on Fridays. The
disincentives kicked in if the closures for the new bridge exceeded the eight days specified in the
contract.

ABC Construction

The project was constructed using the slide-in technique, with both replacement bridges
constructed next to the original bridges. The original bridges were then demolished, and the new
superstructures were slid into place. During construction, a tolerance system was used by the
contractor to ensure the final bridge location would be correct. During the slide-in, the tolerances
were found to be too strict. A more relaxed tolerance system was needed to facilitate the slide-in.
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Key Takeaways

e With a slide-in bridge, the most focus is typically placed on the slide itself. For this project,
the slide went well, but in hindsight, the design of the substructure could have been of greater
focus. During this process, the initial substructure design was not feasible; thus, the design
work had to be repeated. A cost-effective solution to the substructure design was difficult to
find.

e A mock-up was performed to ensure all equipment worked and that personnel were trained
prior to the official slide. This ensured there were no surprises during the slide, and worked
well for the contractor.

e The slide-in engineering that had to be done by the contractor was subcontracted out and was
stamped by the engineer only after the engineer of record (EOR) for the bridge approved the
plans.

e Interms of the bidding, the sliding component of the project was less expensive than
expected.
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Case Study 4
Project Description

This ABC project was to reconstruct the 110-year-old Courtland Street Bridge from Martin
Luther King, Jr. Drive to Gilmer Street in downtown Atlanta, Georgia. The project was in close
vicinity to Georgia State University and the Georgia State capitol building.
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Figure 23. Location of the Courtland Street Bridge between MLK, Jr. Drive and Gilmer
Street in downtown Atlanta, Georgia

The project delivery system for this bridge reconstruction in downtown Atlanta was DB. This
Courtland Street ABC project followed the Georgia State Route (SR) 299 bridge replacement
over 1-24, which was a weekend closure that involved replacing two bridges. Many of the
lessons learned from the SR 299 over 1-24 project were directly applied to the Courtland Street
Bridge project, helping to make this project such a success.

Previous Lessons Learned

The preceding SR 299 bridge over 1-24 project was near the border of Tennessee and Georgia; as
such, the project resulted in detour routes that were burdensome to the traveling public. The
Georgia DOT (GDOT) constructed the new bridge north of the existing one.
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Once construction of the replacement bridge was completed, the old bridge was demolished in
phases. As this demolition occurred, traffic was moved onto the lanes that were not directly
underneath the bridge work. Once the first bridge section was completed, traffic was moved to
the other side of the road underneath the newly constructed bridge segment. After traffic was
moved, the second section of the old bridge was demolished and replaced.

Although the project was ultimately successful and did not have any traffic accidents, the project
had a closure time of 81 hours, instead of the planned 56 hours. The lessons learned from this
project were documented, and, thus, available for the Courtland Street bridge replacement
project. Lessons learned on the SR 299 project included the following:

e Providing the contractor with information that accurately conveys the condition of the
existing bridge facilitate safer and faster demolition

e Coordination and communication between the DB team and the DOT is critical to project
success

e Dedicated DOT staff should be on-site for the entirety of the project

e Consider the ABC timeframe based on the complexity of the project

e Overestimate the closure times prior to and during the ABC period for public outreach efforts
to ensure realistic expectations for all parties

e Design can be improved when the engineer of record and the contractor work closely
together

Why ABC

The project was originally programmed to be a conventional DBB construction project.
However, as planning progressed, it became clear in the constructability review phase that
because the bridge was located in a highly complex urban environment, and the bridge was in the
middle of a major university, it was not feasible to have a two-year closure. As such, the decision
was made to switch the project to design-build delivery and to incorporate ABC methods.

ABC Procurement

The project was procured using GDOT’s Innovative Delivery office, using a best value
procurement method. The best value was divided fifty-fifty between technical value and cost.

Contracting

The contract was awarded based on a best value selection. The contract did not include any
incentives for completing the bridge early, because it was already a part of the bid to get the
bridge open early. Disincentives and penalties were in place in case the project went over the
amount of time that was bid. The contract made it the responsibility of the design-builder to
communicate with the stakeholders.
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ABC Construction

Construction on the bridge began with the substructure, as the new bridge foundation was
constructed beneath the existing bridge prior to any closures. The existing bridge was then
closed, and the contractor began to deconstruct the superstructure, with deconstruction occurring
along longitudinal halves of the bridge. Once half of the bridge was removed, the contractor
replaced it using precast concrete beams, steel diaphragms, and high early strength concrete.

Copyright ©2018 Georgia Department of Transportation. All rights reserved. Used with permission.
https://mailchi.mp/88allbc823ca/courtland-street-bridge-replacement-newsletter-may-issue

Figure 24. Staged deconstruction of the existing bridge in downtown Atlanta

After the first half of the bridge was constructed, the other half of the bridge was demolished and
replaced using the same techniques. The bridge was originally scheduled to be closed for two
years; however, through ABC and DB, the closure time was reduced to 180 days.

During the course of construction, the bridge office made a dedicated reviewer available for the
project. The project was ultimately successful in part due to the increased collaboration that
existed between the design-builder and the DOT.

The DB team and DOT also rolled out an effective and far-reaching public information plan that
included flyers, public outreach meetings, a website dedicated to the project, as well as hiring
students from Georgia State University to assist in updating students on construction progress
and critical closure times.
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Key Takeaways

e The bridge office made a dedicated reviewer available to answer questions for the project.
e Documenting and utilizing lessons learned on each project allows for continuous
improvement and makes construction much smoother.

Summary of Case Study Findings and Recommendations

ABC projects are effective at accelerating the construction of bridge projects and minimizing the
closure time experienced by the traveling public. ABC can be successfully implemented using
any of the three delivery methods detailed in the previous chapter: DB, DBB, and CMGC. Key
takeaways from the case studies that have broad applicability include the following:

e Communication and collaboration between the contractor (regardless of project delivery
method) and the DOT will result in a better project outcome.

e When flexibility is allowed in the bids (i.e., presenting multiple construction method options
or using alternative delivery methods), innovation is often incorporated into the project and
results in savings to the DOT, either in terms of financial savings or time savings for the
traveling public.

e After completion of a project, discussions regarding lessons learned and successful project
components are beneficial from the agency’s perspective because these can be applied to
future projects.

e Effectively communicating with the public during ABC projects is important and can be
done by either the agency or the contractor.
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CONCLUSIONS

ABC projects are used to reduce bridge closure time and to increase the safety of both
construction workers and the traveling public. ABC is useful for testing new technologies and
fostering innovation in new projects. With this in mind, ABC projects need to be bid in such a
manner that the contractor is focused on closing the roadway for the least amount of time.

Using A+B bidding or alternative delivery methods can often allow for streamlined bidding and
project timelines while also often introducing incentives to the contractor for efficient, limited
closure periods. However, ABC can be successful with several delivery systems, including
traditional DBB. Each individual project has unique challenges and site attributes that may make
it well suited for particular bidding, contracting, or project delivery methods.

While many agencies and contractors were interviewed as a part of this project, more
information could still be garnered through additional case studies that may be useful for state
agencies. Many ABC projects differ greatly from location to location due to site-specific
challenges. As such, capturing broadly applicable patterns in ABC projects with respect to
bidding, contracting, and project delivery methods can be challenging. It is important to keep
these limitations in mind when applying the findings and recommendations that were presented
in the previous chapter.
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