

[bookmark: _Hlk205155595]IoT-Driven Digital Twin Framework for the Design and Fabrication of Precast Elements

Dear Participant,

Please read this informed consent carefully before you decide to participate in the study.

Purpose of the study: You are invited to participate in this research study due to your active role in precast concrete construction operations. The purpose of this study is to explore the integration of the Internet of Things (IoT) and Digital Twin (DT) technologies into the design and fabrication of precast elements. The study will characterize the applications of DT and IoT in precast concrete production, develop an IoT-enabled DT framework, and evaluate stakeholders’ perception of the impact of IoT-enabled DT on the efficiency of precast element design and fabrication. 

[bookmark: _Hlk205167231][bookmark: _Hlk205167381]What you will do in this study: If you agree to participate in this study, you will assist with responding to the following questions based on your wealth of knowledge of the precast concrete elements design and fabrication process. You will be asked to provide demographic information, such as your years of experience, job role, and work experience, as well as your familiarity with DT and IoT technologies, current implementation levels, challenges in precast concrete production, expected benefits of DT and IoT integration, perceptions of DT and IoT impact, barriers to adoption, desired features in an DT/IoT system, future trends, and training needs.

Time required: The entire process of completing the survey will take approximately 12 minutes.

Participation in the Study: Whether or not you take part is up to you and will not affect your relationship with The University of Texas at San Antonio. Participation in this study is totally voluntary. You can agree to take part in the study and later change your mind. Your decision not to participate will not be held against you. You may ask all the questions you want about the study before you decide.

Risk and Benefits for Participation: The nature of the data we will collect and the procedures we will follow in this research are strictly official. There is no direct benefit to you as a participant in the research. However, the research will be beneficial to the precast concrete industry as a whole.

Participant Privacy and Research Record Confidentiality: Data will be de-identified and kept confidential to mitigate the risks associated with participation. Participants’ feedback will be gathered through a survey. Your records may be viewed by the Institutional Review Board, but the confidentiality of your records will be protected to the extent permitted by law. The data resulting from your participation may be used in publications and/or presentations, but your identity will not be disclosed.

Contact Information: This research is being overseen by an Institutional Review Board (“IRB”). You may also contact them at IRB@utsa.edu if you have questions regarding your rights as a research participant or other questions, concerns, or complaints. For more information about this study, please contact the principal investigator, Dr. Ibukun Gabriel Awolusi, by phone at (210) 458-3060 or email at ibukun.awolusi@utsa.edu.

Acknowledgment:  
By continuing the survey, I have read the above description of the research. If I had questions or would like additional information, I contacted the researchers and had all of my questions answered to my satisfaction. I agree to voluntarily participate in this research. By answering the survey questions and responding to this survey, I affirm that I have read the above information, agree to participate in the research, and am at least 18 years of age or older.





Section A: Demographic Information

Please complete the following information to support our understanding of workforce distribution and experience in the precast concrete industry.

Q1.  	What is your current position or role in the organization? (Select the option that best describes your role)
Quality control technician
Production supervisor
Safety officer
Design engineer
Structural engineer
Project manager
Plant manager
Health and safety manager
Others ______________________

Q2. 	What length of experience do you have in the precast concrete industry?
[bookmark: _Hlk205156345]Less than 1 year
1-3 years
4-6 years
7-10 years
More than 10 years

Q3. 	What type of contracts does your precast organization execute (Select all that apply)
Design-build
Design only
Build only
Design-bid-build
Others ______________________

Q4. 	Where are you currently located? ________________________

Q5.	What is the highest level of education you have completed?
High school diploma or equivalent
Technical or vocational training
Associate degree
Bachelor's degree
Master's degree
Doctoral degree
Others __________________________________

Q6. 	What types of precast concrete systems have you primarily worked with? (Select all that apply)
Precast wall panels
Precast beams and girders
Hollow-core slabs
Precast columns
Precast stairs
Precast piles or foundations
Utility vaults or underground components
Architectural precast elements
Pre-stressed precast elements
Others ______________________________________


Section B: Technical Information

Understanding design software for precast concrete design and fabrication

AutoCAD is a computer-aided design (CAD) software developed by Autodesk, used for creating precise 2D drawings and technical schematics. In the precast and construction industries, AutoCAD is commonly used for drafting layout plans, sections, and fabrication drawings of precast components.

Revit is a Building Information Modeling (BIM) software also developed by Autodesk. Unlike AutoCAD’s primarily 2D drafting environment, Revit allows users to design, model, and coordinate 3D building components — including architectural, structural, and MEP (mechanical, electrical, and plumbing) elements. In precast workflows, Revit is used to model the full geometry and detailing of precast systems and to simulate construction sequencing. 

BIM 360 is a cloud-based construction management platform that connects project teams and data throughout the project lifecycle. 

Tekla Structures is 3D BIM software used to create detailed, constructible models of structures, manage project information, and facilitate collaboration. 

ALLPLAN Precast is designed for the automated and precise design and detailing of precast concrete elements, particularly walls and slabs. 

IMPACT Design is used to create a Building Information Model using 3D elements, with information and characteristics from the actual building elements produced by precast factories.

Q7. 	Which of the following software(s) do you use for designing precast elements during the various production phases?

	
	Preliminary Design
	Structural Detailing
	Production Drawings
	Quality Control Tracking
	As-built Drawings

	Traditional 2D Drafting
	
	
	
	
	

	AutoCAD
	
	
	
	
	

	Revit
	
	
	
	
	

	BIM 360
	
	
	
	
	

	Tekla Structures/Precast
	
	
	
	
	

	ALLPLAN Precast
	
	
	
	
	

	IMPACT Design
	
	
	
	
	

	Other _____________
	
	
	
	
	

	Other _____________
	
	
	
	
	

	Other _____________
	
	
	
	
	




Q8.	Please confirm to what extent you communicate with other expert parties during the design, fabrication, and coordination process for precast concrete elements production. 
Never
Rarely
Sometimes
Frequently
Always

 Q9.	Which of these design codes do you use for your precast elements design?

	
	Not well at all
	Slightly well
	Moderately well
	Very well
	Extremely well

	ACI 318
	
	
	
	
	

	PCI Design Handbook
	
	
	
	
	

	ASTM C27
	
	
	
	
	

	EN 13369
	
	
	
	
	

	Eurocode 2 (EN 1992-1-1)
	
	
	
	
	

	AS 3850
	
	
	
	
	

	IS 15916
	
	
	
	
	

	BS 8297
	
	
	
	
	

	International Building Code
	
	
	
	
	

	Others _________________
	
	
	
	
	

	Others _________________
	
	
	
	
	

	Others _________________
	
	
	
	
	



Understanding the Internet of Things (IoT) and Digital Twin (DT) and the impact of their integration into the design and fabrication of precast elements.

This section seeks to assess the perception of survey participants on the integration of IoT and DT into the design, fabrication, monitoring, and quality management of precast concrete elements.

The Internet of Things (IoT) refers to a network of interconnected physical devices equipped with sensors, software, and connectivity to exchange data in real time. In construction and precast production, IoT enables real-time monitoring of equipment, curing environments, material usage, and worker safety conditions.  

A Digital Twin (DT) is a virtual representation of a physical asset, process, or system that is continuously updated with real-time data from IoT sensors and other sources. In the precast industry, a digital twin can simulate the behavior of production lines, track the lifecycle of precast components, and support predictive maintenance and quality control.





Q10. 	How would you rate your level of knowledge of the concepts of IoT and DT?
Not knowledgeable at all
Slightly knowledgeable
Moderately knowledgeable
Very knowledgeable
Extremely knowledgeable

Q11.	To what extent has your organization integrated IoT or DT technologies into the design of precast elements?
Not at all
Slightly Integrated
Moderately Integrated
Fully Integrated

Q12.	In your experience, how have (or will) IoT or DT impacted (or impact) the following design outcomes? 

	
	Greatly reduced
	Somewhat reduced
	No change
	Somewhat improved
	Greatly improved

	Design coordination
	
	
	
	
	

	Collaboration across disciplines
	
	
	
	
	

	Clash detection
	
	
	
	
	

	Accuracy of specifications
	
	
	
	
	

	Speed of revisions
	
	
	
	
	

	Others _________________
	
	
	
	
	

	Others _________________
	
	
	
	
	




Q13. 	Please rate your level of agreement with the following reasons for adopting (or considering) IoT and DT technologies.

	
	Strongly disagree
	Somewhat disagree
	Neither agree nor disagree
	Somewhat agree
	Strongly agree

	Process optimization
	
	
	
	
	

	Cost reduction
	
	
	
	
	

	Quality improvement
	
	
	
	
	

	Predictive maintenance
	
	
	
	
	

	Real-time monitoring
	
	
	
	
	

	Improved decision making through data analysis
	
	
	
	
	

	Enhanced traceability and documentation
	
	
	
	
	

	Increased equipment efficiency and utilization
	
	
	
	
	

	Reduction of human error
	
	
	
	
	

	Compliance with industry standards and regulations
	
	
	
	
	

	Others ________________
	
	
	
	
	

	Others ________________
	
	
	
	
	

	Others ________________
	
	
	
	
	



Q14.	What challenges can the integration of IoT and DT introduce into the design process of precast elements? Please select from the options below and provide more that may apply
Increased modeling workload
High initial implementation cost
Inconsistencies in implementation across projects and platforms
Incomprehensive stakeholder knowledge/fragmented knowledge
Difficulty with embedding IoT requirements into design (non-standardized processes)
Slow adoption rate across organizations
Resistance to change
Others ____________________________________
  
Q15. 	How often do you use real-time production data (from sensors, SCADA, RFID, etc.) to inform or adapt the fabrication process?
Never
Rarely
Sometimes
Frequently
Always

Q16.	How do you currently monitor and control key production parameters in the precast concrete process? (Please select all that apply)
Manual inspection and recording
Basic sensors (standalone, no network connectivity)
Automated systems (without IoT integration)
IoT-enabled monitoring and control systems
SCADA (Supervisory Control and Data Acquisition) systems
PLC-based (Programmable Logic Controller) monitoring
Mobile or remote monitoring applications
AI or machine learning-based analytics tools
Not currently monitored
Others ___________________________________________

Q17.	Do you believe real-time sensor data or feedback from previous projects can improve current design decisions?
Yes
No
Maybe

Q18.	If your response to Q17 above is ‘Yes’, please explain how.
	_____________________________________________________________________
	_____________________________________________________________________
	_____________________________________________________________________

Q19.  	Please rate your level of agreement with the following as the challenges currently encountered in the precast fabrication process.
	
	Strongly disagree
	Somewhat disagree
	Neither agree nor disagree
	Somewhat agree
	Strongly agree

	Quality control issues
	
	
	
	
	

	High material waste
	
	
	
	
	

	Labor efficiency
	
	
	
	
	

	Machine downtime
	
	
	
	
	

	Inconsistent curing conditions
	
	
	
	
	

	Limited real-time monitoring
	
	
	
	
	

	Insufficient scheduling and workflow management
	
	
	
	
	

	Lack of data for process optimization
	
	
	
	
	

	Equipment maintenance and reliability
	
	
	
	
	

	Integration of new technologies
	
	
	
	
	

	Others ________________

	
	
	
	
	

	Others ________________

	
	
	
	
	

	Others ________________

	
	
	
	
	



Q20. 	What are the main barriers to adopting IoT and DT technologies in the precast production process? (Please rate your level of agreement with the following barriers)

	
	Strongly disagree
	Somewhat disagree
	Neither agree nor disagree
	Somewhat agree
	Strongly agree

	High Initial Investment
	
	
	
	
	

	Lack of Technical Expertise or Skilled Workforce
	
	
	
	
	

	Integration Challenges with existing systems
	
	
	
	
	

	Cybersecurity and Data Privacy Concerns
	
	
	
	
	

	Unclear Returns on Investment (ROI)
	
	
	
	
	

	Resistance to Change or Organizational Culture
	
	
	
	
	

	Limited Awareness or Understanding of the Technologies
	
	
	
	
	

	Maintenance and Support Requirements
	
	
	
	
	

	Unreliable Internet Connectivity or Infrastructure Limitations
	
	
	
	
	

	Lack of Standards or Interoperability between devices/systems
	
	
	
	
	

	Others ___________________
	
	
	
	
	

	Others ___________________
	
	
	
	
	

	Others ___________________
	
	
	
	
	



Q21.	Please rate your level of agreement with the expected benefits from the integration of IoT or DT into the precast fabrication process.

	
	Strongly disagree
	Somewhat disagree
	Neither agree nor disagree
	Somewhat agree
	Strongly agree

	Real-Time Quality Monitoring
	
	
	
	
	

	Reduced Material Waste
	
	
	
	
	

	Improved Production Efficiency
	
	
	
	
	

	Faster Issue Detection and Resolution
	
	
	
	
	

	Increased Equipment Lifespan
	
	
	
	
	

	Data-Driven Decision Making
	
	
	
	
	

	Enhanced Documentation
	
	
	
	
	

	Better Forecasting and planning
	
	
	
	
	

	Increased Safety for Workers and Equipment
	
	
	
	
	

	Others ____________________
	
	
	
	
	

	Others ____________________
	
	
	
	
	

	Others ____________________
	
	
	
	
	










Q22.	To what extent are you familiar with these IoT systems/sensors, or any others? 

	
	Not at all familiar
	Slightly familiar
	[bookmark: _Hlk205165021]Somewhat familiar
	Moderately familiar
	Extremely familiar

	Temperature sensors 
	
	
	
	
	

	Humidity and moisture sensors 
	
	
	
	
	

	Strain gauges/vibration sensors 
	
	
	
	
	

	RFID tags/ GPS trackers 
	
	
	
	
	

	Laser displacement sensors 
	
	
	
	
	

	Camera-based vision systems 
	
	
	
	
	

	Others _______________
	
	
	
	
	

	Others _______________
	
	
	
	
	

	Others _______________
	
	
	
	
	



Q23.	Are precast elements installed in your projects equipped with sensors for post-installation monitoring?
Yes
No
Planned for future use

Q22.	In your opinion, how important is real-time data collection in optimizing the precast production process? 
Not at all important
Slightly important
Somewhat important
Moderately important
Extremely important

Q23.	To what extent do you agree that integrating IoT and DT into precast concrete fabrication will improve quality control?
Strongly disagree
Somewhat disagree
Neither agree nor disagree
Somewhat agree
Strongly agree

Q24.	Do you believe DT will contribute to better lifecycle management of precast elements? 
Yes
No
Maybe

Q25.	Based on your response to Q24 above, kindly support your response with reasons.
	_____________________________________________________________________
	_____________________________________________________________________
Q26.	To what extent do you believe that integrating IoT and DT into precast concrete fabrication will lead to cost reduction for your organization?
Not well at all
Slightly well
Moderately well
Very well
Extremely well

Q27.	What features would be most valuable in an IoT and DT system for precast concrete production? (Select all that apply)
Automated quality control
Predictive maintenance alerts
Real-time production analytics
Remote monitoring via mobile or web app
AI-based process optimization
Digital simulation of the production process
Integration with ERP or BIM systems
Automated reporting and documentation
Customizable dashboards and alerts
Historical data analysis and trend forecasting
Others ______________________________________________

Q28.	Would you support wider use of IoT and DT integration for post-installation monitoring in future projects?
Yes
No
Depends on _________________

Q29.	Which phase do you believe will benefit the most from IoT and DT integration? 
Design phase
Fabrication phase
Post-installation phase

Q29.	Would you like to participate in training or workshops on DT/IoT applications?
Yes
No
Maybe

Q30.	Would you like to enter your contact information for further inquiries? Your contact information will not be associated with your response.
Yes
No

If you have any questions or want to learn more about the research, please feel free to reach the principal investigator at ibukun.awolusi@utsa.edu

Thank you!
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