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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 determine 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 the 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 hazards, 

(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 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 of 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 
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justice that can be incorporated into the decision-making process for evaluating the suitability of 

adopting ABC methods in bridge projects. 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 the ABC method can help reduce the chance 

of those interruptions. More importantly, ABC can help the revitalization of these urban 

neighborhoods (e.g., improving economic conditions in low-income neighborhoods 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 to 

human health and can cause health issues for the workforce and increase the construction time of 

projects. Workers exposed to high levels of air pollutants, such as particulate matter and ozone, 

are at increased risk of respiratory diseases, cardiovascular diseases, and other health issues (Ritz 

and Wilhelm, 2008; Shahsavani et al., 2019). In addition, working in high temperatures can lead 

to heat exhaustion, heatstroke, and other heat-related illnesses (Kjellstrom et al., 2019). The use 

of ABC techniques can help minimize these environmental risks to workers by reducing the 

amount of time they are exposed to these hazards. Prefabricated bridge elements and systems, for 

example, can be assembled off-site in controlled environments, reducing the need for on-site 

work and the associated exposure to air pollution and high air temperatures (PACO Steel and 

Engineering Corp., 2015). In addition, the use of ABC techniques can reduce traffic congestion 

and associated vehicle emissions during construction, improving air quality in the surrounding 

area (NCHRP, 2018). Therefore, using ABC methods can minimize these threats to the 

workforce. Moreover, ABC can contribute to the 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 the making 

about the suitability of ABC projects. 

The suitability of ABC techniques also has potential interdependencies with work zone safety, 

which is an important aspect of infrastructure construction projects. Work zone accidents and 

fatalities are a significant concern for state DOTs, as they not only endanger workers but also 

pose risks to motorists and pedestrians (Li et al., 2019). The use of ABC techniques can 

potentially minimize work zone risks by reducing the amount of time required for on-site 

construction and traffic disruption (Mallela and Rege, 2018). For instance, prefabricated bridge 

elements and systems can be assembled off-site and transported to the construction site, reducing 

the time workers spend in the work zone and the risks associated with heavy equipment and 

traffic (PACO Steel and Engineering Corp., 2015). State DOTs need to carefully evaluate the 

potential interdependencies of various factors related to ABC suitability and ensure that decision-

making processes consider these factors comprehensively. To summarize, ABC techniques have 

the potential to impact various factors related to bridge construction projects, including work 

zone safety, social equity, and environmental justice. Incorporating these factors into the 

decision-making process for evaluating the suitability of adopting ABC methods can increase 

public consent while meeting technical and economic considerations, improving the overall 

success of infrastructure projects. 

 



4 

 

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 the 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 the 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 the 

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 the decision process 

and increasing the accuracy of the results. Finally, the improved tool will develop a procedure to 

determine the 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) 
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Table 1. FHWA ABC Decision Making Matrix (FHWA, 2006) 

 
 

In December 2009, the Oregon Department of Transportation (ODOT) working with several 

other states (California, Iowa, Minnesota, Montana, Texas, Utah, and Washington) launched an 

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 screenshot from the ABC-AHP user interface. The final stage considers AHP 

calculations, which produce an output value used for the purposes of decision-making. For the 

first step, preliminary inputs are shown in Table 2.  
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Table 2. ABC-AHP Decision Tool Inputs (FHWA, 2012)

 
 

 
Figure 3. ABC-AHP Decision Tool (FHWA, 2012) 
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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 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 the ABC manual for California. The ABC Caltrans decision making guide consists 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 up. 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 is used in the preliminary stages of the design process. The first step 

is to have a series of pairwise comparisons among the criteria. After collecting the data, the 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 
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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 an ABC Decision flowchart and software 

launched by FWHA that addresses yes/no ABC to be considered in the construction approach, 

Figure 9. 

 
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 a framework consisting 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 Figure 11 is used to provide directions 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 extremely low ABC rating scores). In other words, the 

questionnaire and flowchart determine how well-suited a project may be for ABC.  In addition, 

questionnaires and flowcharts 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 
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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 determine the use of the ABC strategy. The primary stage of Iowa DOT decision 

preparation includes processes similar to the UDOT documents which contain 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 to assign 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 the time-consuming process of using the ABC-AHP Decision method for those 

candidates that have already shown high scores 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. The 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 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, and shoulders to maintain traffic 
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on the existing route or the detour route are defined in 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, alternative contracting methods which may help the ABC 

activities are also 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:  

“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 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 on 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 applies 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 examination 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.  

 

 
Figure 18. CDOT ABC Matrix 
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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 the 

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.  

 

 
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 several types of criteria to help the 

right decision making. This method introduces specific ABC alternatives through the decision 

flowchart.  



23 

 

 
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 the 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 seconds, more detailed computations are 

considered. The layout and orientation of the two stages of the decision-making process are 

displayed in Figures 23 and 24. 
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Figure 23. SDDOT ABC Decision Matrix 

 

After the criteria have been selected and entered into the evaluation tool, 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 the 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, the 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. 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 outcome of ABC rating tools is to generate a comparative rating for the ABC activities’ 

decision-making. Many different methodologies for ABC project decision-making have been 

used by state DOTs. Towards this, the FHWA had a qualitative decision-making tool like PBES 

where answering questions about specific project characteristics was the baseline of decision-

making process. Although this framework was a good starting point for ABC’s decision-making, 

it did not help with the economic impact of selecting ABC over traditional methods. Later, 

another approach was presented for ABC evaluation over traditional methods. This method 

incorporated some major factors extracted through observation. Then using the simple additive 

weighted method, it was weighted by experts. Examples of such methods 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) launched an 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 were 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, in many cases, 

the indirect cost has an interactive relationship with other factors.  
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3) They lack the consideration of factor dependence or risk overlapping scoring.  

4) The hierarchies of the ABC-AHP can only be in the range of 1 to 9 and 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.  

7) The potential ABC types and conventional construction were not considered to identify if 

more than one ABC technique is feasible and compared to the conventional construction 

method for each.  

Road Safety Review 

According to the Fatality Analysis Reporting System (FARS), more than 500 fatalities in motor 

vehicle traffic crashes 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 the 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, 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 the prioritization of roadway projects. In addition, the crash frequency and severity index are 

used in the prioritization of highway intersection projects (NCDOT, 2018). Many studies 

indicated that the zone crash rates are likely to increase up to 70 percent when there is a work 

zone in place. On the other hand, worker safety concerns at the site which limit conventional 

methods, e.g., working adjacent to power lines. In general, construction safety increases with 

reduced exposure time during 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 show that many crashes in 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.  
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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 a 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 on the site. Many researchers combined rainfall intensity with population density 

for risk analysis. Some other studies added more social indicators to their methodology, 

however, there is still a limited number of studies that explored the integration of temperature, 

NDVI, traffic load, and road accessibility with flood risk factors namely rainfall intensity. Table 

3 summarizes the common and different decision criteria used by state DOTs tools. Tables 4 and 

5 represent some of the recent MCDA flood-based studies that considered flooding risk 

integrated with social equity and environmental justice. ABC provides the contractor with more 

flexibility when environmental restrictions are 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 

Virginia * *  
   

 

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

equity and environmental justice 

Reference Indicators Environmental 

Criteria 

Social Equity 

Criteria 

Results 

Mondoro et 

al., 2018 

DEM, Land 

cover 

Potential for 

environmental 

pollution 

Potential for social 

inequities in access to 

flood protection 

measures, social 

vulnerability 

Developed a 

methodology for MCDA-

based flood risk 

management that 

considers social equity, 

environmental justice, 

and equipment durability 

due to cavitation for 

bridge adaptation under 

climate changes 

Karageorgou 

and Thaler, 

2019 

DEM, Land 

cover, Bridge 

network 

Impact on 

ecosystems 

Potential for the 

displacement of 

vulnerable populations, 

distribution of benefits 

Results of MCDA study 

used to inform the 

development of flood risk 

management plan 

 
1 Generally, in-water work is required  
2 If construction seasons control construction method   
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Reference Indicators Environmental 

Criteria 

Social Equity 

Criteria 

Results 

and costs across 

different communities 

Lam et al., 

2020 

DEM, Slope, 

Land cover, 

Bridge 

network 

Impact on 

vulnerable 

populations, such 

as low-income 

households and 

elderly residents 

N/A Identified flood risk 

reduction measures that 

balance environmental 

sustainability, economic 

viability, and equipment 

durability due to 

cavitation 

Rezaei et al., 

2020 

DEM, Slope, 

Land cover, 

Bridge 

network, 

Socioeconomic 

indicators 

Potential for 

environmental 

pollution, impact 

on ecosystems 

Potential for social 

inequities in access to 

flood protection 

measures, social 

vulnerability 

Identified flood 

management strategies 

that promote social 

equity, environmental 

sustainability, and 

equipment durability due 

to cavitation 

Chen et al., 

2021 

DEM, Slope, 

Bridge 

network 

Impact on 

ecosystems, 

potential for 

environmental 

pollution 

Potential for social 

inequities in access to 

flood protection 

measures, social 

vulnerability 

Developed a framework 

for evaluating flood risk 

management options that 

integrate environmental 

justice, social equity 

considerations, and 

equipment durability due 

to cavitation 

 

Table 5. MCDA studies considered social equity 

Reference Land use Population 

density 

Gender  People 

age 

Employment 

rate 

Income 

rate 

Building 

type 

Building 

density 

Messener & 

Meyer, 2005 

 

* * * 

    

Turner et al., 2003 * *       

Zou et al., 2013 * *       

Fernandez et al., 

2016 

 * * * * * * * 

Tanguay et al., 

2020 

* * * * * * 

  

 

Task 2 – Decision Criteria 

The existing CTDOT tool includes multiple decision criteria such as traffic conditions, 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 
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definition of ABC’s intrinsic benefits which 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 the risk of crashes in the corridor where 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 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 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 Ph.D. dissertation by Mokhtarimousavi (2020) at FIU. The road safety criteria in this project 

will be based on the findings of Mokhtarimousavi (2020) and the ABC-UTC project mentioned 

in this 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 aims to gather valuable 

information on Crash Data Types, Crash Cost Values, and Contributing Factors used by state 

DOTs. This information will be used to improve the ABC Decision Matrix tool to make it more 

comprehensive, less subjective, and more flexible to be used by different state DOTs. The survey 

seeks to identify the methodologies used by state DOTs to estimate crash cost values and identify 

contributing factors. Specifically, it will gather information on the specific crash data types 

collected by state DOTs, the injury scales used for crash severity, the crash cost values 

development methods, and the frequency of updating crash data records. The results of the 

survey will be used to inform the type of crash data used in the improved tool, thereby increasing 

the widespread use of the improved ABC tool by different state DOTs.  

Benefit-cost Analysis of ABC Implementation 

Roadway safety benefit-cost analysis plays a crucial role in enhancing traffic safety in 

transportation/bridge construction work zones. Timely completion of construction projects is 

crucial for all stakeholders, as delays can increase costs and cause inconvenience to the public. 

Traditional methodologies for planning and scheduling infrastructure projects can cause delays, 

but new techniques like ABC have been developed to reduce construction time. To assess the 

benefits of safety improvements resulting from ABC implementation, crash costs can be used to 

quantify the reduction in impacts of crashes. Within this study's scope, the computation process 

of Work Zone Road User Costs (WZ RUC) is based on the assessment of monetized components 

of crash costs resulting from work zone activities at bridge locations (Oyedele et al., 2019).  

Safety Benefits 

The safety benefits of the ABC method can be calculated by determining the cost savings 

resulting from reducing the construction duration and the associated crashes, compared to the 

additional expenses associated with implementing the ABC method. Crash costs allow for a 

standardized way to compare the benefits and costs of different highway safety improvement 

projects. This is because they provide a common metric that can be used to estimate the costs 



33 

 

associated with crashes, which can then be used to evaluate the potential benefits of safety 

improvement projects. This calculation is represented by Equation (1) and is used to demonstrate 

how the ABC method's safety benefits outweigh its surplus expenses (Oyedele et al., 2019; 

FHWA, 2019). 

 

 

𝑆𝑎𝑓𝑒𝑡𝑦 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 =
𝑋 ∗ 𝑎𝑛𝑛𝑢𝑎𝑙 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑟𝑎𝑠ℎ 𝑐𝑜𝑠𝑡 𝑓𝑜𝑟 𝑐𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝑚𝑒𝑡ℎ𝑜𝑑 𝑝𝑒𝑟 𝑏𝑟𝑖𝑑𝑔𝑒

 𝑐𝑜𝑠𝑡 𝑜𝑓 𝐴𝐵𝐶 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 − 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙
 

Eq. 

(1) 

 

where X is the number of days reduced in the work zone duration. 

The economic and societal costs of vehicle crashes vary depending on several factors such as the 

extent of damage, injuries, response, and long-term effects. As a result, it is difficult to determine 

the exact costs of each crash as they occur, and future crashes may not have the same costs even 

if they occur at the same location. Additionally, inconsistent injury scales used in state crash 

reports can cause issues when estimating crash costs. There are several methods for estimating 

crash costs and injuries, each with its advantages and disadvantages. Economists use injury 

scales from crash reports to estimate crash cost values because the severity of a crash has a 

significant impact on the resulting costs. By using injury scales, economists can assign a value to 

each type of injury and estimate the total cost of the crash based on the number and severity of 

injuries sustained. This provides a standardized method for estimating crash costs across several 

types of crashes and allows for a more accurate cost-benefit analysis of safety improvement 

projects. Most law enforcement agencies use the KABCO scale to classify "suspected" injuries 

based on visual assessments and verbal complaints of pain. In contrast, medical professionals use 

the MAIS scale to classify severity based on a medical diagnosis of expected lethality. However, 

most highway safety practitioners do not have access to individual medical records and instead 

rely on crash data classified by KABCO severity level. To help with this, FHWA has developed 

a guide that outlines a five-step process for developing KABCO crash costs.  

 

Table 6. Crash unit cost1 values in the FHWA Safety BCA Guide and Tool (FHWA, 2016) 

Severity2 Comprehensive Crash Unit 

Cost (2016 dollars) 

K $11,295,400 

A $655,000 

B $198,500 

C $125,600 

O $11,900 

 

Crash Severity 

The calculation of crash costs typically relies on the severity of the crash, which is determined by 

injury scales. In other words, the costs associated with a crash are determined by the severity of 

the injuries sustained by those involved in the crash. The KABCO scale is commonly used in 

police crash reports to classify the severity of both the crash and resulting injuries. However, 

 
1 Cost values per crash/injury 
2 Crash severity 
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differences can arise when reviewing how each state defines the severity attributes of KABCO. 

KABCO is defined as following definitions by FHWA: 

 

Fatal Injury (K): stands for any injury that leads to the victim's death within a period of 

30 days (about 4 and a half weeks) following the crash. 

Incapacitating Injury (A): refers to a severe injury other than a fatality. This can 

include injuries such as broken bones, severed limbs, and other injuries that typically 

require hospitalization and transportation to a medical facility. 

Non-incapacitating Evident Injury (B): refers to minor injuries or non-disabling 

injuries that are apparent at the crash scene. Examples of such injuries include 

lacerations, scrapes, bruises, and other similar injuries. 

Possible Injury (C): refers to any injury that is reported or claimed but is not classified 

as a fatal, incapacitating, or non-incapacitating injury. 

No Injury/PDO1 (O): s indicates a person has sustained bodily harm because of the 

motor vehicle crash, but the injury's severity is unknown. 

 State DOTs Practices for Crash Unit Cost 

We developed a questionnaire, which is listed in Appendix A, to gather information on the crash 

unit costs that state DOTs use in safety analyses. We invited state DOTs to participate in the 

survey and based on their responses, we can update and apply the crash unit cost to the improved 

ABC decision-making tool. By updating the crash unit cost into the improved ABC decision-

making tool, we can provide state DOTs with a more accurate estimate of the economic benefits 

of implementing ABC practices. 

Task 2.2 – Social Equity and Environmental Justice Criteria 

Social Equality and Environmental Justice Index (SEEJ)  

This research introduced and developed the Social Equality and Environmental Justice (SEEJ) 

index to incorporate the benefits of ABC in improving social equity and environmental justice in 

community groups affected by bridge construction projects. The SEEJ index encompasses two 

social equality indicators, namely household median income, and population density. 

Furthermore, the SEEJ index integrates an environmental justice measure in the form of the 

apparent (feel-like) temperature (Heat Index or Wind Chill Index). Efforts have been made to 

develop social and environmental criteria based on readily available national datasets to increase 

the tool's applicability to all state DOTs. To integrate the SEEJ index into the CTDOT ABC 

Decision Matrix (spreadsheet tool), two new tabs have been developed and integrated with the 

existing tool. The Social Equity tab is the first step and includes two sections for user data entry. 

The first section of the Social Equity tab is the primary input point for user data in this enhanced 

tool. It requires the user to provide information on the population density of the zip code where 

the bridge project is located. This is a critical factor in determining the social impact of the 

project, as population density has a direct correlation with access to essential resources, 

employment, and transportation options (Kolko, J., 2019). The second section of the Social 

Equity tab pertains to the median household income of the zip code where the bridge project is 

located. This factor is important in determining the potential impact of the project on the 

economic well-being of the affected communities. Table 7 illustrates the user inputs for these 

 
1 PDO stands for "Property Damage Only". It refers to incidents where there is no personal injury involved, but only 

damage to property. For example, a car accident where no one is hurt, but there is damage to the vehicles involved. 
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sections of the Social Equity tab. To facilitate access to relevant data resources, each tab in the 

updated tool includes a link that takes the user directly to the data source when clicked. This 

feature saves the user time and effort in searching for the required data, as it provides direct 

access to the relevant information needed for the evaluation. 

  

Table 7. User inputs for social equity sections 

Data  Unit Link  

Population Density people per mi2 http://www.usa.com/ 

Median Household Income $ http://www.usa.com/ 

 

The second tab in the enhanced tool is dedicated to Environmental Justice and includes two 

distinct sections. The first section is designed for inputting data related to the Heat Index, which 

is a measure of the temperature and humidity conditions that can affect human health and well-

being. The second section of this tab is dedicated to the Wind Chill Index, which is a measure of 

the temperature and wind speed that can also impact human health and comfort. The heat index 

is a measure of how hot it feels when relative humidity is factored in with the air temperature. 

The wind chill index, on the other hand, measures how cold it feels when wind speed is factored 

in with the air temperature. In both cases, the impacts of extreme temperatures are likely to be 

felt most acutely by workers. To decide whether to use the heat index or wind chill index in each 

region, the annual average max temperature over the past five years, the relative humidity for the 

very latest year, and the annual average wind speed over the past five years should be read from 

the provided links. Table 8 illustrates the user inputs for these sections of the Environmental 

Justice tab. There are no user inputs on any cells rather than these, and the tool will select the 

alternatives for analysis, either heat index or wind chill index, or average temperature if neither 

heat index nor wind chill index is a factor. This indicates that the tool is designed to automate the 

decision-making process for selecting alternatives, rather than requiring manual input from the 

user. The following steps should be followed to determine which index (heat index, wind chill 

index, or average temperature) is most appropriate for a region: 

1. Obtain historical weather data, including temperature, wind speed, and relative humidity, 

for the region using the zip code of the project location and provided links for online 

weather data.  

2. The heat index and wind chill index for each year of the historical data using the 

appropriate formulas will be calculated by the tool. The heat index formula considers 

temperature and relative humidity, while the wind chill index formula takes into account 

temperature and wind speed. 

3. The data to identify patterns and trends in temperature and weather conditions will be 

analyzed. Look for periods of high and low temperatures, as well as patterns in relative 

humidity and wind speed. 

4. Compare the heat index and wind chill index values for each year to the actual 

temperature to determine which index provides a better representation of the perceived 

temperature. For example, if the heat index consistently shows a higher temperature than 

the actual temperature, it will be more appropriate for the region than the wind chill 

index. 

5. Consider work zone factors, such as the work zone duration and schedule, and worker 

exposure, when selecting the most appropriate index. For example, if the work zone is in 

an area with a region susceptible to heat stress, the heat index may be more appropriate. 
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Similarly, if the work zone is in an area prone to cold weather conditions, the wind chill 

index may be more appropriate. 

Table 8. User inputs for environmental justice sections 

Data Point Unit Link to read the data 

Annual average max temperature degree 

Fahrenheit 

https://www.weather.gov/wrh/climate 

Relative humidity % https://power.larc.nasa.gov/data-access-viewer/ 

Annual average wind speed mph https://power.larc.nasa.gov/data-access-viewer/ 

 

These steps provide a comprehensive guide for utilizing the SEEJ index in the enhanced ABC 

spreadsheet tool. Snapshots of the SEEJ tabs in the enhanced tool are presented in Appendix B. 

To obtain accurate results from the tool, it is essential to ensure that the data entered, and the 

weights assigned are reliable.  

 

Task 3 – Quantitative Measures for the Evaluation of Criteria 

Quantitative evaluation of criteria reduces 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” “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 evaluating these criteria in the improved ABC tool. 

2) Qualitative evaluation of criteria in the CTDOT tool includes subjective aspects that affect the 

accuracy of the results. For example, the evaluation of the “Bridge location” criterion is 

performed by categorizing the bridge locations into 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. Another example would 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 
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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 various locations. Also, the preferences of CTDOT 

decision makers may change over time, requiring a flexible method for adjusting the weights 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) the hierarchical SAW method, and 2) the 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 experience performing both 

methods in other infrastructure problems (e.g., 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. 

Analytic Hierarchy Process (AHP) 

AHP is a widely recognized and extensively used decision-making method developed by 

Thomas L. Saaty in 1980 (Saaty, 1980). It provides a structured approach for dealing with 

complex decision problems that involve multiple criteria and alternatives. AHP is particularly 

effective in situations where decisions are subjective, conflicting, and involve both qualitative 

and quantitative factors (de Brito, M. M., & Evers, M., 2016).  

To provide an option for determining the relative weights of criteria based on the preferences of 

each end user (e.g., state DOT) besides using predetermined weights (as is the case with the 

existing CTDOT tool), AHP is incorporated in the improved ABC tool. In this method, a 

pairwise comparison is used to derive the weights for the criteria in terms of their importance. 

The process is summarized in four steps: 

1. Design the decision hierarchy. 

2. Perform pairwise comparison between criteria. 

3. Calculate the overall weight of each criterion based on the pairwise evaluations. 

4. Check the consistency of the evaluations. 

The result of the pairwise comparison on n criteria can be summarized in an (n*n) matrix A in 

which every element aij is the weight of the criteria, as given in Equation (2). 

𝐴 = [

𝑎11 … 𝑎1𝑛

𝑎21 … 𝑎2𝑛

𝑎𝑛1 … 𝑎𝑛𝑚

] , 𝑎𝑖𝑖𝑎𝑗𝑖 =
1

𝑎𝑖𝑗
, 𝑎𝑖𝑗 ≠ 0 

Eq (2) 

For creating the pair-wise comparison matrix, Saaty (1980) employed an evaluation system to 

indicate how much one criterion is more important than another based on a scale of 1 to 9. Table 

9 shows these numerical scale values and their corresponding definitions (Saaty, 1980).  
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Table 9. AHP scales for comparison (Saaty, 1980) 

Intensity of Importance  Definition 

1 Equal importance  

3 Somewhat more important 

5 Much more important  

7 Very much more important  

9 More important  

2, 4, 6, 8 Intermediate values  

 

Next, a mathematical process is performed to normalize and find the relative weights. If the 

pairwise comparisons are consistent, matrix A has rank 1. It should be noted that the quality of 

the outputs of AHP is highly related to the consistency of the pairwise comparisons. There are 

Consistency Index (CI) and Consistency Ratio (CR) defined to let the user know whether the 

evaluations are consistent or not. CI and CR are given in Equations 3 and 4. 

  

𝐶𝐼 =
(𝜆𝑚𝑎𝑥 − 𝑛)

(𝑛 − 1)
 

Eq (3) 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
 

Eq (4) 

 

where n is the number of criteria and λmax is the largest eigenvalue (Malczewski, 1999). RI is the 

Random Inconsistency index that is dependent on the sample size, (Table 10). A reasonable level 

of consistency in the pairwise comparisons is assumed if CR < 0.10, while CR ≥ 0.10 indicates 

inconsistent judgments. It is recommended that if CR> 0.10, the pairwise comparisons should be 

revised (Saaty,  1980). 

Table 10. Random Index (RI) used to compute consistency ratios. 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

 

Setting up an AHP analysis  

1. The improved ABC tool consists of 12 main criteria, represented in Figure 26. Below 

are the instructions to perform the analysis and calculate the consistency ratio. Start 

by entering the name of the decision maker/participant involved in the evaluation 

process and the evaluation date in the designated cells or columns on your input 

sheet. This information will help identify the contributors and provide context for the 

analysis. 

2. Locate Table 9, which provides the scales for the pairwise comparisons. Refer to this 

table to understand the preference scales and their corresponding values. This will 

ensure consistency and a common understanding when assigning values during the 

comparison process. 

3. Identify the input sheet. These cells represent the pairwise comparison matrix or 

table. They need to be completed by the user. The matrix will capture the preferences 

or relative importance of each criterion about the others. 
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4. Fill in the yellow cells from left to right, following the pairwise comparison process. 

Compare each criterion against the others and assign a value based on the preference 

scale provided in Table 9. Use the values to indicate the strength of preference or 

relative importance. For example, the decisionmaker assesses that criteria X is 

"slightly more important" than Y in terms of profitability according to the preference 

scale provided in Table 9. In this case, the pairwise comparison between criteria X 

and Y would be assigned a value of 3 based on the preference scale. 

5. Enter the corresponding value in the yellow cells to indicate the preference or relative 

importance of each criterion. This step will populate the pairwise comparison matrix 

with the assigned values. 

6. In the case that there are multiple participants, repeat the pairwise comparison process 

for each decision maker/participant involved in the evaluation process. If there are 

multiple decision makers/participants, ensure that each one performs the pairwise 

comparisons separately. This ensures individual perspectives are captured. 

7. Once the pairwise comparisons are completed for all decision makers/participants, the 

weighted geometric mean of the decision matrix elements for each participant will be 

calculated. This calculation combines individual preferences and generates weights 

for each criterion. 

8. Check for inconsistencies in the pairwise comparisons. Identify the most inconsistent 

comparison and edit if necessary. Inconsistencies can occur when the assigned values 

contradict each other or create illogical relationships. Adjustments should be made to 

improve the consistency of the comparisons. 

9. Go back to the sheet named "Summary" to see the result. The summary sheet will 

provide an overview of the weighted scores and rankings based on the completed 

pairwise comparisons.  

10. Note: Alpha (α) represents the threshold for acceptable inconsistency in the pairwise 

comparisons. If the consistency ratio exceeds 0.10, it indicates a higher level of 

inconsistency and may require further examination or adjustments in the pairwise 

comparisons. By setting α to 0.10, you can use it as a guideline to assess the 

consistency of your pairwise comparisons and identify any significant inconsistencies 

that may need to be addressed in your decision-making process. 
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Figure 26. A screenshot of AHP pairwise comparisons that was incorporated into the ABC tool. 
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AHP Verification  

To verify the developed AHP model in this project, it was implemented using the input data 

provided by Stefanidis and Stathis (2013) in an MCDA problem regarding natural factors of 

flooding and the results were compared. Figures 27 and 28 show the pairwise comparison matrix 

and the obtained values for relative weights of criteria, respectively (Stefanidis and Stathis, 

2013).   

 
Figure 27. Pairwise comparison matrix in (Stefanidis and Stathis, 2013) 

 

 

Figure 28. Relative weights of criteria and consistency ratio obtained from (Stefanidis and 

Stathis, 2013) 

 

Figures 29 and 30 demonstrate a screenshot of the AHP tab in the ABC tool with the same input 

data as in Stefanidis and Stathis (2013). As seen, the calculated weights of criteria and 

consistency ratio by the ABC tool match the results from Stefanidis and Stathis (2013).    
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Figure 29. Screenshot of the AHP calculations in the ABC Tool using the input from  Stefanidis 

and Stathis (2013). 

 

 

Figure 30. Screenshot of the AHP calculations and results in the ABC Tool using the input from 

Stefanidis and Stathis (2013). 
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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 into 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 of the application of the existing CTDOT ABC tool 

in two projects in the 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 online seminar. 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 the bridge deck, superstructure, and the entire bridge. The construction method will 

consequently contribute to bridge specifications. The proposed tool will be flexible in 

determining the weights of different criteria, allowing the widespread use of the tool by different 

state DOTs. 

6. Schedule 
The progress of tasks in this project is shown in the table below. 

Table 8. Activities and timelines over the project’s period 

Item % Completed 

Percentage of Completion of this Project to Date  70% 
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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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