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1. Background and Introduction 
The suitability of using accelerated bridge construction (ABC) techniques in bridge construction 
projects has potential interdependencies with several social and environmental factors related to 
communities affected by the bridge project in addition to economic, safety, and technical factors 
related to the design and construction of bridges. Decision-makers and bridge owners (e.g., 
Departments of Transportation- DOTs) demand assurance that the ABC techniques are thoughtfully 
implemented since many of the projects have limited budget, time constraints, and construction 
limitations. State DOTs across the country utilize different decision-making approaches, ranging 
from complex to simple processes, to determinate the suitability of ABC methods in bridge projects. 
Connecticut DOT (CTDOT) uses a middle-ground multi-criteria decision-making approach entitled 
“ABC Decision Matrix” based on a spreadsheet tool to aid decision makers in adopting ABC 
methods. The CTDOT ABC Decision Matrix is a relatively simple, yet effective, tool that considers 
the impacts of ABC on road users and environment and accounts for total project costs but offsets 
ABC costs with the costs that can be reduced or eliminated with ABC. However, there are some 
issues that affect the comprehensiveness, accuracy, and widespread use of the tool. The objective of 
this research is to extend the CTDOT ABC Decision Matrix to (1) consider the benefits of ABC on 
roadway safety and risk of accidents, (2) consider the impacts and contributions of ABC on social 
equity and environmental justice in communities especially underserved ones, (3) include 
quantitative measures for the evaluation of decision criteria where possible, and (4) leverage a 
systematic method for the determination of relative importance (weights) of criteria. A case study 
will be used to demonstrate the applicability of the improved tool. The improved ABC decision 
making tool will be more comprehensive, less subjective (more accurate), and more flexible to be 
used by state DOTs.  

2. Problem Statement 
The suitability of ABC techniques has potential interdependencies with several natural hazard, (e.g., 
floods), social, and environmental factors in urban areas in addition to economic, safety, and 
technical factors related to the design and construction of bridges (Jia et al., 2018). Decision-makers 
(e.g., state DOTs) need to assure that the ABC techniques are thoughtfully viewed since many of the 
projects include construction limitations and have only access to the limited budget and time 
(Chaphalkar et al., 2013). Flood related factors can contribute to bridge scour, the biggest cause of 
bridge failure in the United States and a major cause for increased construction and maintenance 
costs of bridges in the United States (FDOT, 2005; Wang et al., 2017). Construction of a bridge can 
potentially generate additional flood issues because of the alterations to natural streams and rivers 
including temporary flow diversions during construction. Reducing the construction time through 
ABC methods can potentially minimize the risk of flooding due to temporary flood diversions during 
the construction phase. 
Social equity in the context of urban infrastructure can be defined as equal resources and 
opportunities that infrastructure systems provide for urban communities. Incorporating social equity 
in infrastructure planning results in the elimination or reduction of disparate access to amenities and 
services among different community groups, including ethnic minorities, low-income groups, people 
with disabilities, and the elderly among the other groups (Dhakal et al. 2021). Environmental justice 
is the fair treatment and involvement of all people with regard to environmental policies and requires 
the same degree of protection from environmental and health hazards for everyone (EPA 2022). 
ABC has implications in social equity and environmental justice that can be incorporated into the 
decision-making process for evaluating the suitability of adopting ABC methods in bridge projects. 
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For example, social and demographic factors such as high crime rates and high population densities 
can cause interruptions to the bridge construction process, increasing the construction time. 
Adopting ABC method can help reducing the chance of those interruptions. More importantly, ABC 
can help faster revitalization of these urban neighborhoods (e.g., improving economic conditions in 
low-income neighborhood by addressing traffic issues that used to affect the businesses and property 
values). Finally, the reduced construction time due to adopting ABC techniques would result in more 
public consent because the everyday life of residents will be less affected by construction processes. 
Environmental issues such as high air temperatures and low air quality are potential threats for 
human health and can cause health issues for the workforce and increase construction time of 
projects. Using ABC methods can minimize these threats to the workforce. Moreover, ABC can 
contribute to accelerated revitalization of these urban neighborhoods (e.g., faster achievement of 
good air quality by addressing traffic issues in a densely populated urban area). To address the 
existing inequalities built into urban communities and create better communities for all, social equity 
and environmental justice should be incorporated into civil infrastructure planning (APA 2022), 
including the decision making about suitability of ABC projects. 

3. Objectives and Research Approach  
The overall goal of this research is to improve the CTDOT ABC decision making tool to obtain an 
improved tool that is more comprehensive, less subjective, and more flexible to be used by other 
state DOTs. The specific objectives of this research are  
(1) Considering the benefits of ABC on roadway safety and incorporating risk of accidents as new 
quantitative criteria in the tool  
(2) Considering the contributions of ABC to social equity and environmental justice as new 
quantitative criteria in the tool  
(3) Developing quantitative measures for the evaluation of decision criteria where possible  
(4) Developing a systematic method for determining relative importance (weights) of criteria  
(5) Demonstrating the application of the improved tool in a case study. 

4. Description of Research Project Tasks 
The planned activities in this project are toward improving the CTDOT ABC decision making tool. 
The improved tool extends the benefits of ABC to improving roadway safety (reducing risk of 
accidents) and considers social equity and environmental justice in the decision-making process. 
Hence, it will be more comprehensive than the CTDOT and other existing ABC decision making 
tools. Moreover, the improved tool quantifies some of the qualitative evaluations in the existing 
CTDOT tool, reducing the subjective aspects of decision process and increasing the accuracy of the 
results. Finally, the improved tool will develop a procedure to determine relative weights of criteria, 
making the tool flexible to be used by other state DOTs. Once the improved tool is developed, its 
application will be demonstrated in a bridge construction project. 
The research tasks in this project are designed to address the overall goal and specific objectives of 
the project. Figure 1 shows the research tasks and their interrelationship as a flowchart. More details 
about each task are presented below.  
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Figure 1. Flowchart of the Proposed Methodology that Shows the Research Tasks and their 

Interrelationships 
 

Task 1 – Literature Review 
The project includes a literature review to identify the existing state of the knowledge and practice 
about 1) ABC decision making tools from different DOTs and 2) incorporating social equity and 
environmental justice in infrastructure planning.  

ABC Decision Making Tools Review 
FHWA ABC Decision Making Guidance 

ABC projects decision making tool is developed based on a Prefabricated Bridge Elements and 
System (PBES) by FHWA. In this method, a flowchart and matrix integrate a set of decision criteria 
to choose between conventional and ABC alternatives, Figure 2 and Table 1. After answering all the 
questions in the matrix, if many of the answers are yes, the project should use PBES. If not, PBES 
should not be applied.  
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Figure 2. FHWA ABC Decision Making Flowchart (FHWA 2006) 

 
Table 1. FHWA ABC Decision Making Matrix (FHWA 2006) 
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In December 2009, Oregon Department of Transportation (ODOT) working with several other states 
(California, Iowa, Minnesota, Montana, Texas, Utah and Washington) lunched a FHWA-sponsored 
AHP-based tool for identifying whether ABC should be applied to a specific project or not. This tool 
considered five main criteria: direct cost, indirect cost, schedule constraints, site constraints, and 
customer service. The Oregon State University ABC AHP decision tool was developed using 
Microsoft Visual Studio .NET. This method has a set of decision criteria Analytical Hierarchy 
Process (AHP) to plan if ABC is an economical and reasonable choice for the defined bridge or not. 
The AHP process involves three basic stages, a flowchart, matrix, and considerations section which 
may be used individually or in combination. Figure 3 shows a screen shot from the ABC-AHP user 
interface. The final stage considers AHP calculations, which produces an output value used for the 
purposes of decision-making. For the first step, preliminary inputs are shown in Table 2.  
 

Table 2. ABC-AHP Decision Tool Inputs (FHWA 2012)
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Figure 3. ABC-AHP Decision Tool (FHWA 2012) 

 
For the second step, each criterion is ranked pairwise comparison. Figure 4 shows an example 
displaying the use of ABC or conventional construction. 
 
 

 
Figure 4. ABC/Conventional Construction Ranking (FHWA 2012) 

 
After stage 2, the assessment process should move to the last step, which uses AHP theory to 
determine if ABC techniques should be used for the bridge construction projects or not. 
 

California DOT ABC Decision Making Guidance   
Caltrans which manages more than 50,000 miles of California's highway and freeway lanes provides 
ABC manual for California. The ABC Caltrans decision making guidance is consist of a 
questionnaire and a flowchart, Figures 5 and 6. The questionnaire is a qualitative evaluation of how 
ABC techniques could lessen or eliminate the effects of construction on the whole project. The 
questionnaire should be completed by the PE and the Technical Liaison Engineer (TLE), the district 
project engineer, and the project development team. To get the rating, all questions should be scored 
and then summed. In the next step, through the flowchart it is determined whether an ABC 
alternative should be developed or not.  
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Figure 5. Caltrans ABC Decision Making Model 
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Figure 6. Caltrans ABC Decision Flowchart 

 
 

Oregon DOT ABC Decision Making Guidance 
A decision-making software tool for deciding whether to use ABC techniques was created based 
on the AHP process, which uses in early stages of the design process. The first step in is to have a 
series of pairwise comparisons among the criteria. After collecting the data, AHP method should 
be applied. Figure 7 shows the applied criteria direct cost, indirect cost, schedule constraints, site 
constraints, and customer service. Figure 8 introduces the mechanism of the ABC-AHP software. 
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Figure 7. Hierarchy of ABC Decision Making Criteria 

 

 
Figure 8. ABC-AHP Decision Tool, Microsoft .NET Framework 

 
Texas DOT ABC Decision Making Guidance   

Some DOTs have captured the framework of other states or FWHA and modified that to develop 
their specific practices and needs. TxDOT uses ABC Decision flowchart and software launched by 
FWHA that addresses yes/no ABC to be considered on construction approach, Figure 9. 
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Figure 9. TxDOT ABC Decision Flowchart 

 
Utah DOT ABC Decision Making Guidance 

Utah DOT as one of the first states in the US that applied ABC techniques as an alternative to 
conventional bridge construction developed framework consist of several decision measures such as 
ADT, detour time, evacuation route, economy of scale, applicability to standards, worker safety, 
environmental issues, railroad impacts, and weather limitations. These criteria are entered within 
given ranges. For example, if the average daily traffic is 17,000, the input for ADT is considered 4 
on a scale from 0 to 5. In the next step, individual inputs are weighted. The initial weighting factors, 
ultimate indicator, and cost considerations of the UDOT decision tool are displayed in Figure 10. 
This flowchart shown in Figures 11 is used to provide direction on the use of ABC for the project.  
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Figure 10. UDOT ABC Decision Making Matrix 
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Figure 11. UDOT ABC Decision Flowchart 

 
Washington DOT ABC Decision Making Guidance 

Washington DOT uses a two-step method: 1) a multi-criteria decision matrix to calculate an ABC 
rating score for each project, and 2) a flowchart for further evaluation of the suitability of ABC for 
all projects (even for those with very low ABC rating scores). In other words, the questionnaire and 
flowchart determine how well suited a project may be for ABC.  In addition, questionnaire and 
flowchart exist in both the decision matrix and the flowchart should be used together. To use the 
flowchart, the ABC score should be determined from the questionnaire. Ultimately, the flow chart 
will determine whether the ABC approach is recommended or not. Figures 12 and 13 are steps that 
may be used for each bridge project to determine whether it is recommended for ABC or not. 
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Figure 12. WisDOT ABC Decision Matrix 

 

 
Figure 13. WisDOT ABC Decision Flowchart 

 
Iowa DOT ABC Decision Making Guidance 

Iowa DOT presented a two-stage decision-making process for ABC technique implementation for 
an individual project. The method then sends candidates with a high potential for achievable use of 
the ABC process, and through a simpler and more thorough decision-making process helps 
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determine use of the ABC strategy. The primary stage of IowaDOT decision preparation includes 
processes similar to the UDOT documents which contains five principal inputs with defined 
weighting variables, as shown in Figure 14. The inputs work in this way, just like the inputs in the 
UDOT, and a given weight variable is used assigns relative importance to each input. At this point, 
the same mathematical operations are performed to obtain the ABC rating score.  
The second stage involves the ABC-AHP Decision method previously discussed. However, IDOT 
completes time-consuming process of using the ABC-AHP Decision method for those candidates 
that have already showed high score for ABC.  
 

 
Figure 14. IDOT ABC Decision Matrix 

 
Minnesota ABC Decision Making Guidance 

The three-stage decision making guidance introduced by MnDOT. Stage 1, Figure 15, consists of a 
primary screening and rating based on a set of questions. Score for each of the criteria should be 
calculated, and then, normalized to a recommendation of Yes or No for further investigation. Bridges 
with a Yes should be considered for the stage 2. Through stage 2, more subjective issues are covered. 
Complex traffic control schemes, long detours, extended duration, or significant user impacts due to 
bridge construction, culverts, shoulders to maintain traffic on the existing route or the detour route 
are defined in the stage 2. This stage should be filled out and recorded by the District Project 
Manager, with assistance from the district bridge engineer, traffic engineer, resident engineer, and 
the bridge preliminary plans unit and regional bridge construction engineer. After a conclusion at 
stage 2, further consideration through stage 3, figure 16, is warranted. In this stage also alternative 
contracting methods which may help the ABC activities are discussed. After thoroughly reviewing 
the questions, the district project manager, in conjunction with other appropriate experts and the 
bridge office should make a final decision. Example responses may include:  
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“A suitable detour is available, and the traffic demands at this site do not warrant the use of ABC.” 
Or  
“Roadway user impacts and safety make ABC a viable alternative.” 
Or  
“Use of a lateral slide (or other ABC alternative) will be further investigated.” 
 

 
Figure 15. MnDOT Decision Making Tool, First Stage 
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Figure 16. MnDOT Decision Making Flowchart 

 
Colorado ABC Decision Making Guidance 

This is a two-phase approach for the ABC decision-making that combines both qualitative and 
quantitative decision making. The ABC Decision Flowchart applies the ABC rating score and then 
addresses Yes/No factors that are considered before making a final decision on the construction 
approach, Figure 17. Factors include project schedule, environmental concerns, total project cost, 
site conditions, and high-level indirect costs such as political capital, safety, or impacts to 
stakeholders. Together, the ABC Rating Procedure and ABC Decision Flowchart are used to make 
a final determination of the appropriate construction methods for each project. If ABC is applicable 
to the project the second step in the evaluation process is applying the AHP software.  
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Figure 17. CDOT Decision Matrix Workflow 
 

If the rating is between 0 and 20, the regional director should decide if ABC is needed or not. If the 
ABC rating is above 50, ABC should be used if it leads to a lower project cost. Finally, if it is 
between 20 and 50, further examine is needed by another set of questions. The ABC Matrix, 
Figure 18, provides suggestions for accelerated construction techniques that may be applied 
depending on the complexity of the project.  
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Figure 18. CDOT ABC Matrix 

 
Arizona ABC Decision Making Guidance 

ADOT uses a two-stage decision-making method, where a matrix questionnaire should be used as 
guidance in calculating the related scores. The ABC decision matrix rating score used in ADOT 
guideline shown in Figure 19, varies from 0 to 100 identifying the viability of an individual project 
in considering ABC. The higher the score, the better for ABC. Once the score is calculated, the ABC 
decision flowchart should be followed, Figure 20.  
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Figure 19. ADOT ABC Decision Matrix  
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Figure 20. ADOT ABC Decision Flowchart 

 
Wisconsin DOT ABC Decision Making Guidance 

A decision process introduced by WisDOT is a two-stage process, where a decision matrix, Figure 
21, should be sued to determine a total score, and then, the obtained score is used to follow the 
decision flowchart, Figure 22. The tool considers various types of criteria to help the right decision 
making. This method introduces specific ABC alternatives through the decision flowchart.  
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Figure 21.  WisDOT ABC Decision Matrix 
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Figure 22. WisDOT ABC Decision Flowchart 

 
South Dakota DOT ABC Decision Making Guidance 

The process of ABC decision tool for SDDOT consists of three existing tools developed by other 
agencies: 1) the ABC-AHP (Analytical Hierarchy Process) Decision Tool published by FHWA 
(FHWA 2012), 2) the ABC decision-making process used by UDOT (UDOT 2010), and 3) the ABC 
decision-making process used by Iowa DOT (Iowa DOT 2012). For SDDOT, the decision-making 
tool is a two-stage process. In the second stage more detailed computation are considered. The layout 
and orientation of the two stages of the decision-making process are displayed in Figure 23 and 24. 
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Figure 23. SDDOT ABC Decision Matrix 

 
After criteria have been selected and are entered into the evaluation tool, and then, the assigned score 
for each input is multiplied by each predetermined weighting factor to obtain the project adjusted 
score. The maximum adjusted scores are summed as are the project adjusted scores; and the total 
project adjusted score divided by the maximum adjusted score is the output indicator for the project 
being analyzed by the evaluation tool.  
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Figure 24. SDDOT ABC Decision Flowchart 

 
Connecticut DOT ABC Decision Making Guidance 

Connecticut DOT (CTDOT) used a middle ground approach to develop a spreadsheet-based tool 
entitled “ABC Decision Matrix”, Figure 25, that uses the SAW method to calculate ABC rating 
scores for different projects. Adopting some aspects of the Utah method and building on the methods 
used by other states, the ABC Decision Matrix is a relatively simple and well-received tool based on 
the impacts of ABC on road users and environment that accounts for total project costs but offsets 
ABC costs with the costs that can be reduced or eliminated with ABC.  
The CTDOT ABC Decision Matrix is a spreadsheet tool that evaluates the suitability of adopting 
ABC techniques by calculating an ABC rating score between 0 to 100 for each bridge construction 
project. The tool uses the SAW method for calculating the ABC rating scores by considering ten 
criteria (i.e., average daily traffic, user impact reduction, bridge location, use of typical details, work 
zone geometry, site conditions, railroad impacts, cost analysis, environmental/water handling, and 
waterway limitations). Evaluation of each criterion is used based on a score of 0 to 5. If the calculated 
final ABC rating score is greater than 60, use of ABC techniques will be recommended. When the 
final ABC score is smaller than 50, conventional construction methods will be preferred. If the final 
score is found to be between 50-60, further evaluation will be recommended for considering ABC. 
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The CTDOT method uses a multi-criterion, yet simple-enough, process that makes it appropriate 
and applicable to different bridge construction projects.  
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Figure 25. CTDOT ABC Decision Tool 

 
ABC Decision Making Tools Conclusion  

The ultimate outcome from ABC rating tools is to generate a comparative rating for the ABC 
activities decision-making. Many different methodologies for ABC projects decision-making have 
been used by state DOTs. Towards this, the FHWA had a qualitative decision-making tool as PBES 
where answering to questions about specific project characteristics was the base line of decision-
making process. Although, this framework was a good starting point for the ABC decision-making, 
it did not help with the economic impact of selecting ABC over traditional methods. Later on, 
another approach presented for ABC evaluation over traditional methods. This method incorporated 
some major factors extracted through observation. Then using simple additive weighted method, it 
was weighted by experts. Example of such method are the ones used by WisDOT, MnDOT and 
ADOT. The third method is based on AHP introduced in December 2009. Oregon Department of 
Transportation (ODOT) working with several other states (California, Iowa, Minnesota, Montana, 
Texas, Utah and Washington) lunched a FHWA-sponsored AHP-based tool for identifying whether 
ABC should be applied to a specific project or not. From the brainstorming work of ABC decision-
making tools, it is determined that:  

1) Factors that used in decision-making were a combination of quantitative and qualitative data.  
2) The weight of factors in some methods is unchangeable. At the same time, for many cases, 

the indirect cost has an interactive relationship with other factors.  
3) They lack the consideration of factor dependence or risk overlapping scoring.  
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4) The hierarchies of the ABC-AHP can only be in the range of 1 to 9 and in some parts no 
real data can be inputted in this tool. This makes the tool inflexible.  

5) The grading of some models relies on decision makers to provide interpretation. Because 
the comparisons are performed by personal or subjective judgments, some degree of 
inconsistency may occur.  

6) The individual factors were pre-weighted within the tool and cannot be revised.  

Road Safety Review 
According to the Fatality Analysis Reporting System (FARS), more than 500 fatalities in motor 
vehicle traffic crashes were occurred in work zones in 2010. FHWA defined Safety as a significant 
reduction in traffic fatalities and serious injuries on all public roads (FHWA, 2012). Based on a 
review of literature, this criterion is often indirectly calculated, with functional deficiencies typically 
linked to traffic safety (clear deck width, vertical and horizontal clearance). In the NCDOT P5.0, the 
safety is identified by crash information for a given highway segment. Crash density (20%), crash 
severity (20%), critical crash rate (20%) and safety benefits (40%) are used in prioritization of 
roadway projects. In addition, the crash frequency and severity index are used in prioritization of 
highway intersection projects (NCDOT, 2018). Many studies indicated that the zone crash rates are 
likely to be increased up to 70 percent when there is a work zone in place. On the other hand, worker 
safety concerns at the site which limits conventional methods, e.g., working adjacent to power lines. 
In general, construction safety increases with reduced exposure time during the construction. 
Construction site safety will be increased due to the introduction of ABC methods (limit traffic 
interference to a period of two weeks or less). In addition, minimizing the need for future 
maintenance will reduce traffic flow, congestion and crashes. 
Safety also contributes to driver behavior at highway construction or maintenance zones. Statistics 
shows that many crashes at work zone areas occurred in lane closure areas where there were mixed 
drivers, workers and barriers. In Michigan, more than 40% of work zone crashes occurred in lane 
closure areas (Michigan State Police, 1999). several studies introduced Geometric rating (roadway 
width or horizontal clearance), Vertical clearances, Functional obsolescence, Inventory or operating 
rating, Crash density, Crash severity, and Critical crash rate typically utilized measures for safety 
(NCHRP Report 530 (Patidar et al., 2007), Indiana DOT (Sinha et al., 2009), North Carolina DOT 
(NCDOT, 2018)) 

Social Equity and Environmental Justice Review 
ABC activities are generally safer than conventional construction in terms of environmental issues 
because much of the construction can be done offsite. Quality can be mitigated because the 
construction is often completed in a more controlled situation. In this regard, ABC decision making 
needs new criteria to be added to the tool to incorporate the benefits of ABC in improving social 
equity and environmental justice in community groups affected by the bridge project. Examples of 
social and environmental data that can potentially be used for this purpose are as follows: 
Social data: Income, Population density, Elderly population density, Land use, and Crime rate.  
Environmental data: Air temperature, air quality, normalized difference vegetation index (NDVI), 
and tree canopy.  
Environmentally vulnerable areas, like urban areas where air and water quality and noise pollution 
are challenges, put limit on the amount of construction work that can be done on site, or the time 
work in a season. Offsite prefabrication and rapid onsite installation can be done with limited impact 
to the site. Many researchers combined rainfall intensity with population density for risk analysis. 
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Some other studies added more social indicators to their methodology, however, there is still limited 
number of studies that explored the integration of temperature, NDVI, traffic load, road accessibility 
with flood risk factors namely rainfall intensity. Table 3 summarizes the common and different 
decision criteria between used by state DOTs tools. Tables 4 and 5 represent some of the recent 
MCDA flood-based studies considered flooding risk integrated with social equity and environmental 
justice. ABC provides the contractor more flexibility when environmental restrictions is an issue. In 
terms of social factors, social and cultural heterogeneity changes in different urban communities and 
then, many various methodologies can be applied to assess social vulnerability at each scale and 
system. 
 
Table 3. Decision criteria of qualitative decision-making tools 

State DOT Air Quality Noise pollution Endangered species  Historical places  Natural 
recourse e.g., 
wetlands 

Weather e.g., 
humidity 

California  * * * * *  
FHWA * * * * *  
Washington   * *  * 
Oregon * * * * * * 
Connecticut     * Occasionally1 Occasionally2 

 
Table 4. MCDA flood-based studies considered flooding risk integrated with social equity 

and environmental justice 
Reference  Indicator 

DEM Slope Road network Bridge network Land cover 

Turner et al., 2003  *    

Chen et al., 2021 * *    

Mondoro et al., 2018 *   *  
 

Table 5. MCDA studies considered social equity 
Reference Land use Population 

density 
Gender  People 

age 
Employment 
rate 

Income 
rate 

Building 
type 

Building 
density 

Turner et al., 2003 * *       

Zou et al., 2013 * *       

Chen et al., 2021 * *       

Fernandez et al., 
2016 

 * * * * * * * 

Messener & 
Meyer, 2005 

 * * *     

 
1 Generally in-water work is required  
2 If construction seasons control construction method   
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Task 2 – Decision Criteria 

The existing CTDOT tool includes multiple decision criteria such as traffic condition, user impact 
reduction (time), site conditions, and cost. However, the decision criteria can be expanded to 
incorporate the contribution (i.e., benefits) of ABC to important problems such as roadway safety, 
social equity, and environmental justice. This agrees with the FHWA’s definition of ABC’s intrinsic 
benefits that include improvements in safety, social, and environmental impacts (FHWA, 2021). 
 

Task 2.1 – Road Safety Criterion 
To incorporate the benefits of ABC in improving the work-zone safety for the traveling public, the 
tool should consider the reduction in risk of crashes in the corridor that the bridge will be constructed 
(or replaced). This will be addressed by adding a criterion based on crash cost analysis to calculate 
the contribution of safety to the benefit-cost ratio of ABC as compared to conventional methods. 
The proposed safety criterion will quantitatively evaluate the benefits of ABC methods in improving 
the work zone safety compared to the safety conditions when using conventional bridge construction 
methods. Benefits from ABC on roadway safety can be evaluated based on the past observations of 
crash density and severity (e.g., crash data from the National Highway Traffic Safety 
Administration- NHTSA) and future crash predictions (e.g., using statistical or machine learning 
methods). These methods have been investigated in a recent ABC-UTC project entitled “Work Zone 
Safety Analysis, Investigating Benefits from Accelerated Bridge Construction (ABC) on Roadway 
Safety [ABC-UTC-2016-C3-FIU03]” and a PhD dissertation by Mokhtarimousavi (2020) at FIU. 
The road safety criteria in this project will be based on the findings of Mokhtarimousavi (2020) and 
the mentioned ABC-UTC project. In addition, a limited survey will be conducted from some state 
DOTs to identify the existing crash data types at different state DOTs. The survey results will inform 
the type of crash data that will be used in the improved tool, increasing the widespread use of the 
improved ABC tool by different state DOTs. 
  

Task 2.2 – Social Equity and Environmental Justice Criteria 
 New criteria will be added to the tool to incorporate the benefits of ABC in improving social equity 
and environmental justice in community groups affected by the bridge project. Efforts will be made 
to develop social and environmental criteria that are based on available spatial data (GIS data layers) 
from national datasets, as much as possible, to increase the applicability of the tool to different 
geographic regions. Examples of social and environmental data that can potentially be used for this 
purpose are as follows: 
Social data: Income, Population density, Elderly population density, Land use, and Crime rate.  
Environmental data: Air temperature, air quality, normalized difference vegetation index (NDVI), 
and tree canopy.  
PI Ebrahimian has the experience of developing a multi-criteria decision support framework for 
prioritizing the existing bridges for accelerated bridge rehabilitations based on socio-environmental 
criteria integrated with technical (structural and traffic) criteria through a recent ABC-UTC project 
entitled “Integrated Flood and Socio-Environmental Risk Analysis for Prioritizing ABC Activities 
(ABC-UTC-2016-C4-FIU05)”. The findings of the mentioned project will be leveraged for 
developing criteria for the quantitative evaluation of potential ABC contributions to improving social 
equity and environmental justice. 
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Task 3 – Quantitative Measures for the Evaluation of Criteria 

Quantitative evaluation of criteria reduces the subjectivity in the decision-making process and 
creates more accurate results. While using quantitative evaluations is not possible for every decision 
criterion, efforts should be made to minimize the number of qualitative evaluations in the decision-
making process. To address this concern, two types of activities will be performed in this task: 
1) While the CTDOT ABC tool uses quantitative analyses for some criteria such as “Average Daily 
Traffic” and “Cost”, and “User Impact Reduction”, qualitative measures (scores of 0 to 5) are still 
used by the tool to calculate the final ABC rating scores. Quantitative measures will be developed 
for the evaluation of these criteria in the improved ABC tool. 
2) Qualitative evaluation of criteria in the CTDOT tool includes subjective aspects that affects the 
accuracy of the results. For example, the evaluation of “Bridge location” criterion is performed by 
categorizing the bridge locations in six groups with assigned scores as follows: Score 0: Rural bridge 
away from town center, score 1: Rural bridge near town center, score 2: Suburban bridge away from 
town center, score 3: Suburban bridge near major traffic generators, Score 4: Urban bridge near 
major traffic generators, and Score 5: Urban bridge near emergency services. Here, it is not clear 
what “near” and “away” mean. Defining a numerical range of distances instead of using “near” and 
“away” can reduce the subjectivity in evaluations and facilitate the decision-making process. Also, 
“Urban”, “Suburban”, and “Rural” land uses may not be adequate for evaluating the benefits of ABC 
regarding the bridge location. Considering different land uses in each area (e.g., land use classes 
such as high-density residential, commercial, or green spaces for urban areas and those such as 
residential and agricultural for rural areas) can improve the evaluations. Other example would be for 
the quantification of the “Environmental/ Water Handling Impacts” criterion. The CTDOT tool uses 
a subjective method based on evaluating “construction limitations” related to environmental and 
water handling issues for determining this criterion. Quantification of this criterion can be done by 
developing quantitative measures based on items such as Length/size of diversion pipes/channels, 
Number/size/type of required cofferdams, and Flood potential in the area based on factors such as 
precipitation, soil type, imperviousness, groundwater level, and proximity to coastlines. Similarly, 
quantitative evaluation of “construction limitations” regarding the “Site Conditions” criterion (e.g., 
utilities and ROW) could be performed by developing quantitative measures based on the number 
of buildings or area of properties that cannot be acquired (for ROW) and type/size of utilities and 
their distance to the bridge location (for utilities). 
  

Task 4 – Relative Weights of Criteria 
The CTDOT tool uses a predetermined set of weight factors to consider the relative importance of 
different criteria for decision makers, limiting the applicability of the tool to CTDOT projects. Even 
within CTDOT, the predetermined weights may not be appropriate for all projects, depending on the 
specific problems at different locations. Also, the preferences of CTDOT decision makers may 
change over time, requiring a flexible method for adjusting the wights of criteria in the ABC decision 
making tool. Developing a systematic, yet adequately simple, procedure for determining relative 
weights of criteria can result in extending the applicability of the tool to other states. To address this 
need, two different systematic procedures for determining the relative weights of criteria based on 
1) hierarchical SAW method, and 2) Analytic Hierarchy Method (AHP) will be developed. The latter 
will be more rigorous compared to the first method but provides more accurate results. PI 
Ebrahimian has the experience of performing both methods in other infrastructure problems (e.g., 
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Ebrahimian et al. 2015, Ebrahimian and Rahimi 2022). It should be noted that the improved tool will 
still consider the option of using predetermined sets of weight factors. 
 

Task 5 – Improved ABC Decision Making Tool 
The CTDOT spreadsheet tool will be improved by incorporating the output of Tasks 2 (2.1 and 2.2.), 
3, and 4 to the tool. 
  

Task 6 – Case Study  
The improved ABC decision making tool will be applied to a case study to demonstrate the 
applicability of the improved tool. Examples about the application of existing CTDOT ABC tool in 
two projects in Towns of Waterford and Killingly, Connecticut (resulting in “go-for” and “no-go 
for” ABC, respectively) were presented by Fields and Culmo (2021) through an ABC-UTC webinar. 
One of these projects, in consultation with advisory panel members, will be selected as the case 
study in this project. In addition to demonstrating the applicability of the improved tool, using this 
case study will provide the opportunity of comparing the results from the original and improved 
ABC tools.   

5. Expected Results 
The main output of this research would be an improved spreadsheet-based multi-criteria decision 
support tool to determine the suitability of bridge projects for adopting ABC techniques. In addition 
to technical criteria, the tool will consider the benefits of ABC in improving roadway safety as well 
as social equity and environmental justice in adjacent areas of bridge locations. The proposed tool 
would be more comprehensive and less subjective than the existing ABC decision making tools and 
flexible to be used by other state DOTs. Another output is a case study where the application of the 
developed tool will be demonstrated in a bridge construction project. Details of the development of 
the improved tool and the case study will be presented in a technical report. 
The proposed research will provide an improved tool that will be applicable in determining the 
suitability of adopting ABC techniques in bridge construction projects, including the replacement of 
bridge deck, superstructure, and the entire bridge. The construction method will consequently 
contribute to bridge specifications. The proposed tool will be flexible with determining the weights 
of different criteria, allowing the widespread use of the tool by different state DOTs. 
 

6. Schedule 

Progress of tasks in this project is shown in the table below. 
 
 
Table 6. Activities and timelines over the project’s period  
Item % Completed 

Percentage of Completion of this project to Date  40% 
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Activity Description Month 
1 2 3 4 5 6 7 8 9 10 11 12 

Task 1 Literature review             
Task 2.1 Road safety criterion             

Task 2.2 Social equity and environmental justice 
criteria             

Task 3 Quantitative measures for the evaluation of 
criteria             

Task 4 Relative weights of criteria             
Task 5 Improved ABC decision making tool             
Task 6 Case study             
Task 7 Reporting             
   Work Performed 
   Work To Be Performed 
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