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Terminology Definitions 
■ Explain important terminologies, provide with detailed descriptions
■ Purpose:

● Helps readers to understand the guideline and related knowledge more clearly
■ Abbreviation:

● LEED — Leadership in Energy and Environmental Design

● LOD — Level of Development 

● NWD — Naviswork format 

● DWF — Design Web Format

Definitions
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● Terminology Definitions 

■ Digital Twin 

Digital twin is a digital representation of an intended or actual real-world project physical product, system, or process

■ BrIM

Bridge Information Modelling (BrIM) is a computerized technique used in the discipline of civil engineering to plan, build, and oversee projects involving 
bridges and other forms of transportation infrastructure.

Tech Briefly| Digital Twins, 2021

Definitions

Tech Briefly| Digital Twins, 2021
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Object Requirements
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Object Requirements
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Softwares and Platforms
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Accucities Digital Twin Industry Map by Symmetry Dimensions, 22 Nov. 2020

Softwares and Platforms
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Part 3: Digital Twin

● In this section, Digital twins have been introduced and how they 
will be used in each phase of the project has been briefed

● Design Stage: simulate different design alternatives and evaluate 
their performance and cost-effectiveness.

● Construction Stage:plan and optimize construction processes, 
such as scheduling, sequencing, and resource allocation

● OPerations Stage :In the operations stage, digital twins shall be 
used to monitor the performance of bridges in real-time



Predictive Maintenance
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Digital Twin Use Cases

● In this section, the procedure to implement predictive 
maintenance has been elaborated

● Identify Critical Areas

● Install sensors to collect data

● Collect historical data and create digital twin 

● AI or ML will be used to predict behavior of the bridge



Performance Evaluation
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Digital Twin Use Cases
● In this section, implementation of 

performance evaluation has been shown

● KPIs like structural integrity, structural 
health, load bearing capacity or traffic flow 
must be identified

● Sensors should be installed and real time 
data should be collected

● Data should be analysed and insights should 
be generated about the performance of the 
bridge

● AI and ML should be used to compare 
predicted and actual performance



Risk Assessment
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Digital Twin Use Cases
● In this section, using DTs for risk assessment has been 

elaborated
● All assets of the bridge, including its components and systems, 

shall be identified,
● The identified risks shall be evaluated based on their likelihood of 

occurrence and potential consequences using risk matrices
● A digital twin of the bridge shall be created based on the data 

collected in step one to simulate the bridge's behavior under 
different conditions and assess the impact of identified risks on its 
performance.

● Risk mitigation strategies shall be developed based on the results 
of the risk assessment using the digital twin

● he performance of the bridge shall be monitored in real-time using 
data collected from sensors and the digital twin to identify any 
changes that may indicate the emergence of new risks and 
promptly address them



Design and Construction
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Digital Twin Use Cases

● In this section, using DTs for Design and Construction of bridges

● Design options shall be tested and optimized using the digital 
twin.The digital twin can also be used to simulate the bridge's 
performance under various loads,

● Construction plans and simulations shall be generated using the 
digital twin to ensure safe and efficient construction.

● During construction, the digital twin shall be used to monitor the 
project's progress



Training and Simulation
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Digital Twin Use Cases

● In this section, using DTs for Design and Construction of bridges 
has been shown

● Digital twins in bridges can simulate and train for a range of 
scenarios such as emergency response drills, maintenance and 
repair operations, and disaster preparedness simulations.

● Emergency responders can use digital twins to plan their 
response to different scenarios.

● he digital twin can also be utilized to provide virtual training and 
simulation environments for engineers and construction workers.  

● Trainees can practice their skills and techniques in a safe and 
controlled environment, which can help to improve their 
performance and reduce the risk of accidents during actual 
construction.



Asset Management
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Digital Twin Use Cases

● In this section, implementation of DTs in asset management has 
been shown

● The implementation of digital twins in asset management for 
bridges shall involve the creation of a comprehensive digital 
model of the bridge.

●  This model shall contain all essential information regarding the 
bridge's design, construction, and operational data. 

● Using the data collected a digital twin of the bridge shall be 
created. 

● Once the digital twin has been created,it should be used to 
analyze and simulate different scenarios, such as potential 
maintenance needs and repair strategies. As the bridge ages and 
conditions change, agencies shall continue to monitor and update 
the digital twin.
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3.2.7 Digital Twins For RFI
RFI (Request for Information) is a standard construction project procedure that involves seeking information from stakeholders 
such as architects, engineers, contractors, and suppliers. Digital twins can be utilized to expedite the RFI process and promote 
stakeholder participation.

● Centralized RFI management
● Real-time collaboration
● Project data visualization
● RFI routing automation
● Analytics and insights

Digital Twin Use Cases
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3.5 AI and ML in Digital Twins

AI and machine learning can play a significant role in developing and maintaining digital twins for 
bridges. Digital twins are virtual replicas of physical assets that enable engineers and technicians to 
simulate, monitor, and analyze the performance of the asset in real-time.

● Identify the problem
● Collect data
● Preprocess the data
● Select the appropriate AI and machine learning algorithms
● Train the models
● Validate the models
● Implement the models
● Monitor and update the models
● Evaluate the outcomes

Digital Twin Use Cases
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3.6 Blockchain Integration

Blockchain technology may be used to build bridges in digital twins to increase data security, 
transparency, and accountability.

● Identify the problem
● Define the scope of the digital twin
● Choose the appropriate blockchain platform
● Create the smart contracts
● Develop the blockchain infrastructure
● Implement the blockchain solution
● Test and verify the solution
● Train the stakeholders
● Monitor and maintain the solution

Digital Twin Use Cases
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● It provides more opportunities and creativities to the construction management

● Vertex Software: create 3D-powered digital twin applications for industry
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Digital Twin Platforms
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● Record the continuous movement of the network performance

● Show every detailed change and update of the system

● There are a couple of real-time monitoring softwares:

Nagios, SignalFX, and Cisco AppDynamics

Real-Time Monitoring
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● AR (Augmented Reality): Technology which overlays digital layer on the real 
physical world. 

“AR = Real World + Virtual World”

● VR (Virtual Reality): Computer-generated simulation of a three-dimensional fully 
virtual world

● They allow users to immerse themselves in the environment of the bridge’s digital 
twin

AR & VR for Digital Twins
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AR & VR Implementation

AR & VR may be implemented in digital twins in the following ways:

● Visualization: provide realistic 360-degree views of the digital twins

● Data Visualization: Users can inspect critical information, using AR

● Training: develop training simulation for workers to learn and practice processes

● Remote Collaboration: enable remote communication among team members
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AR & VR Implementation
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Sensors monitor structural health, environmental condition, and traffic pattern for digital twins of bridges.

Types of sensors:

● Strain Sensors: measure deformation

● Accelerometers: measure vibration

● Temperature Sensors: measure effect of temperature change

● Environmental Sensors: measure effect of  environmental factors

● Traffic Sensors: measure issues caused by traffic

Sensors and Use Cases
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In this section, some examples and usage of each sensor, 
have been listed.

● Strain Sensors: 

○ Optical Strain Sensor
○ Electrical Resistance Strain Gauges
○ Vibrating Wire Strain Gauges

● Accelerometers: 

○ Microelectromechanical System (MEMS) 
Accelerometers

○ Piezoelectric accelerometers

Sensors and Use Cases
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● Temperature Sensors: 

○ Thermocouples
○ Resistance temperature detectors (RTDs)

● Environmental Sensors: 

○ Air quality sensors
○ Water quality sensors:
○ Seismic sensors

● Traffic Sensors: 
○ Inductive Loop Detectors
○ Radar Sensors

Sensors and Use Cases



34

Sensors and Use Cases
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Sensors and Use Cases
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4.1.1 Pre-Schematic Design

● Existing Condition Model

● Site Analysis

● Space Program

● Design Authoring-Volumetric Model

● Zone & Orientation

Part 4: Submissions Deliverables and Workflows
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● Existing Condition Model

■ Virtual representation and current condition of the physical bridge
■ It includes detailed information of bridge’s 

● geometry properties
● materials properties
● structural properties
● environmental factors

■ Usage purposes of the model:
● Condition assessment
● Simulation and analysis
● Monitoring and surveillance

Part 4: Submissions Deliverables and Workflows
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● Existing Condition Model (continued)

■ Steps of creation:

○ Collecting data using laser scanning techniques including Terrestrial Laser Scanning (LTS).

● LTS instruments: 

■ Leica Geosystems’ ScanStation 

■ Trimble’s TX Series…

○ Then, importing & processing into a 3D model, through softwares such as 

● Revit, Bentley OpenBridge Modeler, and Trimble RealWorks

Part 4: Submissions Deliverables and Workflows
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● Site Analysis

■ Evaluation of the bridge's location, surroundings, and environmental factors using data sources and analytical tool 
■ Purpose is to gain:

● comprehensive understanding of the site's context
● any potential risks or challenges that may affect the bridge's performance and lifespan

■ Examples of data sources:
● Geospatial data: bridge's location, topography, and terrain features
● Climate and weather data
● Traffic data
● Environmental monitoring data: quality of air, water, and soil in the surrounding area

■ Analytical tools:
● Geographic Information Systems (GIS): to analyze geospatial data and visualize the site's features and context
● Computational fluid dynamics (CFD): to simulate airflow around it
● Finite Element Analysis (FEA): to analyze its structural behavior

Part 4: Submissions Deliverables and Workflows
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● Design Authoring-Volumetric Model 

■ Creation of a 3D digital model that includes detailed geometric and structural information

■ Purpose:
● optimize bridge's performance
● minimize construction costs
● reduce risk of design errors or construction issues

■ key steps in creating it:
● Geometric modeling
● Structural modeling
● Analysis and optimization
● Documentation

Part 4: Submissions Deliverables and Workflows
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● Zoning & Orientation 

■ Process of dividing bridge into different zones and determining its orientation with respect to the surrounding 
environment

■ Purpose:

● helps optimize bridge's performance and minimize its environmental impact
■ Criteria for dividing the bridge into different zones:

● Structural requirement
● Traffic flow
● Environmental impact
● Maintenance needs
● Construction and material consideration

Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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4.1.2 Schematic Design

● Design Authoring-Preliminary Model

● Programming 

● Phase Planning

● Preliminary Cost Estimate (Square Footage)

● Design Review

● Preliminary Clash Detection 

Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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4.1.4 Construction Documents

● Design Authoring-Final Model

● 3D Coordination Validation

●  Cost Estimation

●  Sustainability (LEED) Reporting

Construction documents are written, graphic and pictorial 

documents prepared or assembled for describing and 

communicating the design, location, and physical 

characteristics of the elements of a project necessary for 

obtaining a building permit and administering the contract 

for its construction

Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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4.1.5 Bid, Award and Registration

● LOD 400

● Informational Purposes

4.1.6 Construction Services

● LOD 500

● Achieve the desired Digital Twin Use

Part 4: Submissions Deliverables and Workflows
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Part 4: Submissions Deliverables and Workflows
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4.1.6 Submission and Deliverable

Discipline Code

Part 4: Submissions Deliverables and Workflows
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Electronic Deliverables

Part 4: Submissions Deliverables and Workflows
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Roadmap


