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ABSTRACT 

Large-scale experiments require documentation of construction processes and damage throughout test protocols. Traditional 
photographic records, while useful, face challenges of organization and accessibility, and ease of use. To address these issues, 
the landmark testing of a 10-story cold-formed steel building, coined CFS10, conducted at the NHERI@UC San Diego shake 
table explored an integrated solution using 360° imaging and a construction progress documentation platform. Low-cost 360° 
cameras were used to scan the building at key construction and testing stages. Captured images were automatically mapped to 
building floor plans and made accessible through a web-based platform. This approach enabled comprehensive visual coverage 
with minimal time investment: ~10,000 ft2 (930 m2) scanned in 3 hours. A Google Street View-like interface provided intuitive 
navigation and retrieval of time-stamped, spatially mapped photographs. The method supported coordination with remote 
partners, and accurate visual damage documentation. However, issues such as photo resolution and stitching quality as well as 
barrier to entry stemming from a lack of opensource tools pose challenges for long-term dissemination through public 
repositories and for enabling broad data reusability. Lessons from this study highlight the benefits of such solutions to preserve 
perishable information. Broader adoption could significantly improve documentation standards for large-scale test programs.  
 

Introduction 
Imaging using 360° cameras has seen broad adoption across disciplines as the technology becomes more 
affordable and immersive. Photogrammetric applications include post-hazard reconnaissance data collection 
[1-2], cultural heritage preservation [3], crime scene documentation [4], real-estate marketing and others. The 
construction domain also presents rich opportunities for specialized applications [5-6]. Various commercial 
platforms enable construction progress monitoring with the intent of improving accuracy, reducing site visits 
and saving resources. Comparable continuous visual documentation is essential in experimental programs to 
track construction, assess damage, and support post-test analyses. 360° cameras have, e.g., previously been 
innovatively applied in fire testing [7]. This case study explores an integrated solution employing 360° imaging 
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with a construction progress documentation platform within the CFS10 experimental program, which involved 
testing a full-scale, 10-story cold-formed steel building [8-10] at the Natural Hazards Engineering Research 
Infrastructure shake table at University of California San Diego (NHERI@UC San Diego) [11]. 
 

Application to CFS10 Experimental Program 
Traditional photographic records, while immensely useful and readily available, often suffer from challenges 
of organization and accessibility, which limits their usefulness for collaborative analyses, especially for remote 
collaborators. Within the CFS10 project, alongside digital cameras, low-cost commercially available 360° 
cameras (4K resolution per lens) were used, capturing 2 panospheric photos/sec. The CFS10 program involved 
specimen construction, instrumentation, and a multi-hazard testing phase of both earthquake and live fire 
experiments, with a total duration of approximately 11 months. The project employed shared Google Drive 
folders for file management and a dedicated Slack workspace cfsnheri for team communication. Fig. 1 shows 
both the digital photographs and 360° imaging schemes used for documentation. Once this workflow was 
established, scans were performed at key construction milestones and various damage states during the seismic 
and fire test protocols. Software platforms for construction progress documentation offer the ability to capture 
the state of a jobsite using 360° imagery and automatically mapping to the building floor plans, such as shown 
in Fig. 1b. The 360° cameras enabled comprehensive visual coverage with minimal time investment: scanning 
~10,000 ft2 (930 m2) across all levels of the building in approximately 3 hours. The walk path of the user is 
tracked through the platform’s phone application. The user interface enables an interactive virtual walkthrough 
after background processing, which was typically completed within an hour for the CFS10 building floor area. 
 

  
Figure 1.    (a) Digital photograph organization on cloud storage and populated by collaborators, (b) reality 

capture accessible via a web-based platform, (c) camera and accessories used for 360° imaging, 
and (d) phone application interface for connecting to camera and uploading scans for processing. 

 
Fig. 2 shows features in the web-based platforms for navigating across virtual walkthroughs. A split view 
allows users to view photographs from the same (approximate) physical spot captured at different times of the 
project. BIM (building information model) views can also be displayed side-by-side, providing a comparison 
of the as-built versus the building design model. Further, annotated photographs taken by other users/cameras 
can be added to augment the virtual walkthrough. Features such as these allow researchers and collaborators 
to remotely inspect construction details, coordinate with trade-partners, and validate and document visual 
damage. Fig. 3a shows how the 360° images and BIM viewer was used, e.g., to determine appropriate size and 



location of interior finish cut-outs for installation of a cable tray. Fig. 3b exemplifies an instance of researchers 
determining if observed damage was seismic test induced or pre-test fabrication or construction defects. 
 

 
Figure 2.    Examples of (a) BIM viewer and split view, and (b) augmented field notes features of progress 

documentation platform. Note date/time stamps and spatial mapping to floor plan for each image. 
 

 
Figure 3.    (a) Coordination with remote trade partners for cable tray installation, and (b) validation and 

documentation of damage (snippets from cfsnheri workspace #damage-photos channel on Slack). 
 

Benefits and Data Reuse 
The automated workflow from a 360° scan to a virtual walkthrough on a web-based platform provides several 
benefits. The speed of scanning enables collecting a large amount of information in a relatively short amount 
of time. The comprehensive nature of scans captures information which may be missed due to time constraints 
and identified at a later stage. Information can also be shared with various stakeholders, either in real-time or 



in the future. The resulting large dataset also creates new possibilities for understanding the performance of 
the tested building. The structural and nonstructural aspects of the building can be visually tracked over the 
entire construction and testing series. Potential applications may include virtual insurance loss adjustment, see 
Fig. 4, or machine learning model-based damage detection. Surveys related to building function could also be 
pursued, testing out hypothetical building tagging and occupancy decisions that play out during the aftermath 
of real earthquake events. Such walkthroughs can also serve as immersive educational tools in architecture, 
engineering, and construction training. Advances in camera technology and artificial intelligence-based image 
enhancement should address current limitations of inadequate photo resolution and stitching quality for tasks 
which require greater detail. The use of enterprise-level products and a lack of opensource tools also raises 
challenges for long-term storage and dissemination such that basic interactive functionality can be maintained. 
 

 
Figure 4.    Potential data reuse example of virtual insurance loss adjustment. 

 
Conclusions 

This case study summarizes an application of 360° imaging and a construction documentation platform, which 
enabled a comprehensive, collaborative and streamlined method for visual documentation in large-scale 
testing. The details provided by the 360° imaging enabled understanding the damage progression over a series 
of seismic and fires tests, promoting better understanding of structural and nonstructural building performance. 
Lessons learned from this case study underscored the benefits of these novel technology and software 
solutions. While the cameras itself are low cost, procuring a license of a documentation platform might be 
cost-prohibitive or nonessential for smaller-scale or shorter test programs conducted over a few weeks span. 
Opportunities for future use will further promote the benefits of collecting such data during large scale 
experiments. Broader adoption of such methods may stimulate development of opensource solutions for 
storing and sharing images which are typically generated in proprietary file formats. 
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