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CHAPTER 1:   INTRODUCTION 

Accelerated bridge construction (ABC) is a paradigm shift in the project planning where the 
necessity to lessen mobility impacts that occur due to onsite construction activities are given to a 

major priority. ABC techniques use innovative design and construction methods that are 
advantageous in a cost-effective and safe manner. Among the ABC techniques, prefabricated 

bridge elements are the most prominent methods. These are structural components that are 
constructed offsite and shipped to the site upon the requirement that aims the reduction in onsite 

construction time, traffic disruption, improvement in product quality, and durability. An ABC 
application called closure joint is used to connect two adjacent prefabricated deck panels by casting 

filler material (i.e., normal concrete, polymer concrete, and ultra-high-performance concrete) in 

between them with the use of different reinforcement details. The connections, however, can be 
affected by environmental and structural degradations. Consequently, durability issues have been 

encountered in closure joints. There are proof tested and approved ABC design methods available 
in the literature. The recent publication by ABC-UTC discussed the closure joint design methods 

to mitigate the durability in a comprehensive manner (Jahromi et al., 2020), which was a customized 

version of a project for Bridges with Service Life Beyond 100 Years.  

While the published ABC-UTC Guide is comprehensive, it is not user friendly for bridge engineers 

and state DOTs to be used and implemented in their design. Therefore, a reliable decision support 

tool is required to assist stakeholders and engineers in choosing appropriate design options and 

solutions. The project addresses this gap and develops a web-based tool and decision-making 

algorithms to design closure joints for service life and durability. The proposed decision support 

tool will be implemented based on the general steps presented in the ABC-UTC design guide. It 

will be visual and allow users to easily navigate through the design options, design steps, on-site 

requirements, geometry, material properties, and modes of failures. Particularly, it calculates the 

estimated service life of the bridge deck, using Fick’s second law, and initial costs, and provides 

trade-off analysis for different design alternatives, using a multi-criteria decision-making 

algorithm, to choose the best option.   

To achieve this goal, four main tasks were defined. The first step was to design the architecture of 

the decision support tool, and a relational database. The next step was the content flow 

identification, algorithms, analytics, and dashboard design. To this end, the design solutions, 

presented in the ABC-UTC Guide, were translated into Unified Modeling Language (UML) use 

case diagrams.  UML is a general-purpose modelling language. The main aim of UML is to define 

a standard way to visualize the way a system has been designed. A series of interactive questions 

were designed based on the decision-making criteria to walk the user through design solutions. 

Feedback from the research advisory panel and several state DOT engineers was also solicited to 

update the decision support tool. The web-based platform used in this project is Python-based and 

open-source.  

1.1. Research Advisory Panel (RAP) 

The project work was done in collaboration with the Research Advisory Panel (RAP). The 

following people participated in the RAP: 

• Gary Quinonez (vice-president, Central Bridge Company),  

• Walt Peters (ODOT Assistant Bridge Engineer – Maintenance),  

• Justin Hernandez (ODOT State Bridge Engineer), and  
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1.2. Report Overview 

The rest of the report is organized as follows. Chapter 2 provides the details for designing the web-

based architecture and relational database. Chapter 3 presents assumptions and algorithms 

implemented for calculating service life, initials costs, and multi-criteria decision making. Chapter 

4 presents main graphical user interfaces and forms designed in this project. Finally, concluding 

remarks and recommendations are presented in Chapter 5.  
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 ARCHITECTURE AND DATABSE DESIGN  

The system architecture is the optimum way to understand the interaction among components. Our 
architecture comprises three components which include graphical user interface (GUI), application 
server, and database server. The main components are shown in Figure 1. 

Figure 1. System Architecture 

Graphical User Interface: The user is provided with an interface or frontend where the specific 
parameters need to be given by the user to assist in identifying the list of closure joints. The 
interface helps to establish the environment where the user can interact with the system by 
providing necessary inputs and getting the desired output.  

Application Server: The application server is the middle tier of the system. It is a business logic 

application or set of applications on the local network. When an application server gets a request 
from the user, it then performs logical operations based on the designed algorithm. 

Database Server: It is a crucial component where the query requested by the user will be 

processed at this stage. The database will be populated with the required information that allows 
the algorithm to process the data and make appropriate decisions.  

To identify information and content flow, UML use case diagrams were designed, based on the 
published ABC-UTC Guide for service life design of longitudinal deck closure joints, to define 
interactive questions, systems functionalities, and required underlying decision algorithms. Figure 
2. illustrates the system use case diagram. The user is a primary actor who initiates the system. In 
our project, the database is the secondary actor which provides the necessary details to process the 
request. In this diagram, tasks or use cases are represented in three different colors to differentiate 
among tasks. Use cases represented in blue color are nothing but inputs/specifications that the user 
is required to provide in order to interact with the system. Use cases represented in orange color 
are outputs that the user receives as the result of the requested query. Rest of the use cases 
represents internal working process of the query.  
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Flow of Use cases: The interaction with the system starts once the user initiates the request through 

GUI by providing specifications through parameters. For each identified closure joint, with provided 
factors such as service loads, natural or manmade hazards that affect the service life of closure joints, 

the algorithm will determine appropriate mitigation strategies available in the guideline. For each 
derived alternative, the service life will be calculated based on Fick’s law. For all alternatives, the 
estimated cost will be calculated and displayed along with the estimated service life. This allows 
for trade-off analysis and assists the user in making decisions.   
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Figure 2. UML Use case Diagram
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Figure 3. illustrates the detailed relational database diagram such that each rectangular 

represents classes and their attributes. The number of classes of a system indicates the number 

of objects and its corresponding attributes. It can be observed that the database diagram has 

main attributes such as user session, closure joints and their properties, mitigation strategies, 

service life issues etc. Functions performs the operations of specific tasks. To better understand 

the relationship between input parameters and mitigation strategies, an excel-based decision 

support tool was first designed, developed, and tested based on the use case diagrams and 

identified attributes. This tool has served as our reference point for implementing the web-

based tool. 

Figure 3. Designed Relational Database supporting spatiotemporal data 
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   ALGORITHMS AND ANALYTICS 

In this chapter, the assumptions, and details of algorithms for calculating service life, initials 

costs, and multi-criteria decision making are presented.  

3.1. Service Life Calculation 

Team discussed different methods to calculate the service life of each alternative using Fick’s 

second law and decided to use the time to start the corrosion, assuming one-dimensional 

ingress of chloride through the concrete deck. The model uses Fick’s second law and chloride 

diffusion coefficient to predict the initiation period (see equation 1). It should be noted that 

Fick’s second law is not sufficient to calculate service life when an overlay is used (e.g., 

UHPC overlay). Also, Fick’s law cannot account for cracking in concrete overtime. 

                   𝐶𝑐𝑟𝑖𝑡 = 𝐶(𝑥 = 𝑎, 𝑡) = 𝐶0 + (𝐶𝑠 − 𝐶0) [1 − 𝑒𝑟𝑓
𝑎

2√𝐷𝑎𝑝𝑝.𝑡
]                                               (1) 

                           Where:  

                                     𝐶𝑐𝑟𝑖𝑡  = Critical chloride concentration 
                                     𝐶0      = Initial chloride content of concrete, taken as a constant 
                                      a      = concrete cover 
                                     𝐶𝑠      = Chloride concentration at surface  
                                     𝑒𝑟𝑓    = error function 
                                      t        = time 

            𝐷𝑎𝑝𝑝   = apparent chloride diffusion coefficient 

Equation for calculating apparent diffusion coefficient is given below. 

                      𝐷𝑎𝑝𝑝 = 𝑘𝑒𝐷𝑐  .A(t)                                                                                                                   (2) 

                               Where:    
                                         A(t): aging function 

  𝑘𝑒: environmental factor to account for temperature  
                                         𝐷𝑐: chloride migration rate 

Aging function can be calculated using equation (3). 

                       A(t) =(
𝑡0

𝑡
)

𝛼

                                                                                                                            (3) 

                             Where:  
                                       α =aging exponent  
                                      𝑡0 = reference point of time (28days=0.0767 yrs) 

To calculate the weighted average to account for chloride buildup over 7 years period, the 
following equation is used. 

                         𝐶𝑠 = 

𝐶𝑠
2

∗7+ 𝐶𝑠∗t

𝑡
                                                                                                           (4) 

The Pseudo code for calculating service life using above equations is given in Algorithm (1). 
NCHRP report along with existing works in the literature were reviewed by the team to find 
state-specific values and ranges for the chloride diffusion coefficient. The web-based tool 
suggests these values to the user, and the user can input the parameters to calculate the service 
life.   
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Algorithm 1. Calculating service life (initiation period) based on the one-dimensional ingress 

of chloride through the concrete deck 

 

1. Begin Input: 𝐶𝑐𝑟𝑖𝑡 , 𝐶𝑠 ,a, 𝐷𝑐 

2. Output: initiation period 

3. While (𝐶𝑐𝑟𝑖𝑡(𝑢𝑠𝑒𝑟) > 𝐶𝑐𝑟𝑖𝑡  ) 

4. Calculate Aging coefficient(A(t) from equation (3) for time t. 

5. Calculate 𝐷𝑎𝑝𝑝[t] from equation (2) for time t 

6. Initialize 𝐶𝑠 = 0 

7. If(t<8) then  

8.        Using equation (1) and considering 𝐶𝑠 𝑎𝑠 𝐶𝑠 ∗ 𝑡 

9.         𝐶𝑠=𝐶𝑠 + 𝐶𝑠/7  

10. Else  

11.       Using equation (4) to calculate 𝐶𝑠 

12.       Using equation (1) calculate 𝐶𝑐𝑟𝑖𝑡 

13. End if 

14.    Increment t by 1 

15. End while 

16. Initiation period =t 

3.2.   Initial Costs Calculation 

The initial cost is calculated based on the user input and/or suggested values available in the 
ABC-UTC guide. Users can use a combination of suggested values and their input. The user 
can input the cost data for materials including NSC, UPHC, black steel bars, headed steel bars, 
stainless steel bars, membrane for top surface, asphalt overlay, and sealer for sealing bottom of 
deck. If the user does not provide input for any of the material, the tool uses suggested values 
for the initial cost calculations. 
The initial cost is calculated using a combination of bridge length, bridge width, number of 
joints in the bridge, and costs of material used. Each closure joint has different dimensions 
which vary the initial costs. The cost calculation is based on the cost of concrete and black steel 
in the closure joint, stainless steel, bottom sealer, 0.5-inch NSC overlay, 0.5-inch UHPC 
overlay, membrane, and asphalt overlay as presented below.  

- The cost of concrete:   number of closure joints * length of bridge * length of closure 

joint * thickness of closure joint * cost of concrete  

- Cost of Steel: number of closure joints * length of bridge * number of bars in closure 

joint * No. 5 reinforcing bar * cost of steel bar 

- Cost of bottom sealer: length of bridge * width of bridge * cost of bottom sealer 

- Cost of 0.5-inch NSC overlay: length of bridge * width of bridge*0.5inch*cost of NSC 

- Cost of 0.5-inch UHPC overlay: length of bridge * width of bridge*0.5inch*cost of 

UHPC 

- Cost of membrane: length of bridge * width of bridge * cost of membrane 

- Cost of asphalt overlay: length of bridge * width of bridge * cost of overlay  
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3.3. Multi-criteria decision-making 

To find the best mitigation solution for the selected closure joint, a multi-criteria decision-

making algorithm using TOPSIS (Technique for Order of Preference by Similarity) was 

implemented. The algorithm utilizes users’ preferences as weights to perform trade-off analysis 

between costs and service life. The user decides whether to give a priority to service life or 

costs. The algorithm then ranks the options based on the user’s preference, and the web-based 

tool displays the first- and second-best options. The main steps are listed below: 

1. Create an evaluation matrix for costs and service life.  

2. Normalize the evaluation matrix. 

3. Calculate the weighted normalized decision matrix. 

4. Determine the best and the worst alternative for each criterion. 

5. Calculate the Euclidean distance between the target alternative and the best/worst  

6. For each alternative calculate the similarity to the worst alternative. 

7. Rank alternatives according to the TOPSIS score by descending order. 
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 IMPLEMENTATION  

In this project, Django was chosen and utilized as the web-based platform, which is a Python-

based open-source framework. Its architecture is based on the model-view-controller design 

pattern. Django is a flexible and comprehensive platform which gives us the opportunity to add 

different levels of computational intelligence to the application. Django consist of front-end 

interface templates which play a major role in providing user-friendly environment. The View 

Logic component decides what kind of data to be delivered to the template by responding to 

inputs from the user. View holds functions with an associated template. Model is a primary 

source of information about stored data which contains the data fields and behavior of the 

stored data. Each attribute in the model also represents a database field. The database is then 

queried using the attributes. 

Database Implementation: The application is backed by a My SQL server that stores data 
from a user session, closure joint properties and spatial-temporal standpoints. The main 
purpose of the database design is to emphasize on tracking the user progress and storing data 
with respect to time and location. This accumulated data can be utilized for training models 
that could be used as an end-to-end solution towards best mitigation strategy. The database is 
currently used to manage and establish a control flow structure and authorization purposes. The 
database contains all the necessary components to support user registration and provide level-
based access. There are three main business rules that the database represents: 

➔ User Session 
o Contains all attributes to capture user related information 
o Supports data collection for both demographic and environment related 

information 
➔ Closure Joints 

o Provides the infrastructure to collect all the features of closure joints required 
for computing initial costs and service life 

o It is the data centered backbone of the entire Closure Joint related business 
process 

➔ Joint Session 
o A joint session is used to bind the user and session information with a specific 

closure joint 
o Foundation for tracking and saving progress 
o Adds room for improvement and flexibility in terms of database design 
o Simplifies the database schema  

Updated GUIs: To enhance user’s interaction, GUIs including inputs, closure joints selection, 
and categories/ factors affecting the service life were improved. Some fields that were not 
necessary for calculating the cost and service life were removed. Some fields in forms are 
backed by a local Redis Cache that temporarily store the data until the end of the process is 
reached.  

Some specific features used for designing the forms are: (a) displaying the closure joints 
geometry/shape upon choosing the specific type of closure joint, (b) reducing/disabling 
duplicate parameters based on the chosen factors by the user, and (c) reducing the issue of 
global declarations and extra queries using Redis, a Python library, to share data among forms 
fields. The main forms are presented below.  
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Homepage: Homepage provides users with a background information about the decision 
support tool, and users can either register (new user) or login (existing user). 

Figure 4. Homepage  
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Joint Properties and Site Requirements: The form was designed to collect information about 
the bridge and joint properties, which will be used in cost calculations. 

 

Figure 5. Joint Properties and Site Requirements  
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Closure Joints: This page allows users to select a particular closure joint based on the 

requirements. Users can hover over the images to see the shape and geometry. 

 

Figure 6.Closure Joint Selection  
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Fault Tree Analysis: Users can select different factors, to the best of their knowledge, that 

affect the service life of the bridge. 

Figure 7. Fault Tree Analysis  
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Identification of Mitigation Strategies:  Based on the input in Figure 7. this page shows the 

suitable mitigation strategies for each of the service life issues. 

Figure 8. Identification of Mitigation Strategies  
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Service Life Parameters:  A dynamic form was designed for service life parameters. In this 

form, the user can enter values, if available, or can continue with the suggested values. 

Figure 9. Service Life Parameters 

Cost and Trade-off Analysis Parameters: A dynamic form was designed for costs and 

tradeoff analysis. Similarly, the user can enter values, if available, or continue with the 

suggested values. For the tradeoff analysis, the user inputs their preference/weight for service 

life and costs.  
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Figure 10. Cost and Tradeoff Analysis Parameters  
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Service Life and Cost Results: This page shows the results based on the inputs provided by the 

user in Figure 9. and Figure 10.  A form was also designed to collect information about other 

mitigation solutions used by the user in the past. 

Figure 11. Service Life and Cost Results  
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Inspection Data: A dynamic form was designed to collect component-level inspection data, if 

available, about the condition of closure joints. The user can select from five different 

categories ranging from excellent to poor. 

Figure 12. Inspection Data  
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Login and Dashboard: Users can login based on the credentials provided during registration. 

The dashboard shows a history of closure joints and suggested mitigation strategy. It also 

provides the user with an option to add new closure joints. 

Figure 13. Login and Dashboard 
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 CONCLUSIONS   

In this project, a web-based decision support tool was designed and implemented to facilitate 

the use of existing guides for closure joint design methods and mitigation strategies in practice. 

Decision-making criteria and algorithms were derived for calculating service life and initial 

costs of longitudinal deck closure joints. A relational database, supporting spatiotemporal data, 

a series of interactive questions, and user interfaces were designed and implemented to walk 

users through the service life process, suggestions, and design/mitigation decisions, without 

having to know fully the theory behind probabilistic approaches. TOPSIS, a multi-criteria 

decision-making algorithm, was implemented to rank mitigations solutions based on users’ 

preferences for service life and costs.   

Upon collecting data from users, future research, may incorporate users’ experience in the past 

into existing mitigation solutions in the guides. It is expected that spatiotemporal visualization 

and machine learning algorithms (supervised and unsupervised) can be deployed to improve 

the tool’s functionality over time.  
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